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Abstract

Satellite-derived  sea  surface  temperatures  (SSTs)  from  the  tropical  rainfall  measuring  mission  (TRMM)
microwave imager (TMI) and the advanced microwave scanning radiometer for the earth observing system
(AMSR-E) were compared with non-pumped near-surface temperatures (NSTs) obtained from Argo profiling
floats over the global oceans. Factors that might cause temperature differences were examined, including wind
speed, columnar water vapor, liquid cloud water, and geographic location. The results show that both TMI and
AMSR-E SSTs are highly correlated with the Argo NSTs; however, at low wind speeds, they are on average warmer
than the Argo NSTs. The TMI performs slightly better than the AMSR-E at low wind speeds, whereas the TMI SST
retrievals might be poorly calibrated at high wind speeds. The temperature differences indicate a warm bias of the
TMI/AMSR-E when columnar water vapor is low, which can indicate that neither TMI nor AMSR-E SSTs are well
calibrated at high latitudes. The SST in the Kuroshio Extension region has higher variability than in the Kuroshio
region. The variability of the temperature difference between the satellite-retrieved SSTs and the Argo NSTs is
lower in the Kuroshio Extension during spring. At low wind speeds, neither TMI nor AMSR-E SSTs are well
calibrated, although the TMI performs better than the AMSR-E.
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1  Introduction
The world’s oceans cover approximately 70% of the earth’s

surface and absorb 70% of incoming solar radiation. The spatial
variation in the heat content of the oceans has considerable in-
fluence on atmospheric motion that leads to regional- and glob-
al-scale climate changes. Sea surface temperature (SST) is an im-
portant physical parameter that affects the exchange of heat, mo-
mentum, and water vapor between the atmosphere and the
ocean, which is very important in determining air-sea interac-
tion and climate change (Curry et al., 2004). SST data have been
used for research in many fields such as weather forecasting, cli-
mate prediction, ocean circulation, ocean fisheries, and the
oceanic ecological environment (Suarez and Schopf, 1988;
McPhaden, 1999). There are two primary methods for measuring
the SST: in situ observation and satellite remote sensing. Tradi-
tional in situ SST observations, obtained mainly from gauging
stations, ships, and moored and drifting buoys, have high accur-
acy at depths of 0.01–7.00 m but with relatively poor spatiotem-
poral resolution and continuity. Compared with in situ observa-
tions, satellite remote sensing has much higher spatiotemporal
coverage. Although the obtained sea “skin” temperature might
not be representative of the “bulk” temperature, the advantages

offered by satellites make them indispensable for SST measure-
ments (Barton, 1995; Donlon et al., 2002, 2007).

SST observations can be derived from both infrared and mi-
crowave radiometers that are carried on a number of satellites.
Infrared sensing, such as AVHRR and MODIS, is able to acquire
high-resolution SSTs at 1 km spatial resolution but it is suscept-
ible to the effects of the atmospheric environment. Thus, it might
not provide valid data in cases of cloud or high columnar water
vapor content. Its biases are mainly due to diurnal variability, wa-
ter vapor attenuation, presence of atmospheric aerosols, and in-
complete removal of cloud contamination (Brown et al., 1985;
McClain, 1989; Emery at al., 1994). The regional analyses of the
SST indicate that diurnal SST warming can exceed 6°C and that
the magnitude of this warming depends on both solar insolation
and wind speed (Flament et al., 1994; Gentemann et al., 2003,
2008; Gentemann and Minnett, 2008; Merchant et al., 2008). Mi-
crowave sensing is able to measure the SST in all weathers and all
of the time because the operational wavelength is longer than the
scales of water vapor and aerosols (Wentz, 1998; Wentz et al.,
2000). Therefore, a microwave technology has been applied in-
creasingly to the SST measurement, e.g., the tropical rainfall
measuring mission (TRMM) microwave imager (TMI), and Aqua 
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and ADEOS-2 onboard the advanced microwave scanning ra-
diometer for the earth observing system (AMSR-E). However, the
longer wavelength leads to lower spatial resolution (≈50 km) and
to greater sensitivity to the effects of sea surface wind and waves,
as well as to inland interference signals (Guan and Kawamura,
2003).

To overcome the uncertainty in satellite-retrieved SSTs, in
situ observations are needed for corroborative evaluation. To val-
idate satellite-retrieved SSTs, buoy-measured SSTs and expend-
able bathythermographs (XBTs) that measure the subsurface
(1–5 m) “bulk” SST have been widely adopted (Pandey and
Kniffen, 1991; Bhat et al. ,  2004; Gentemann et al. ,  2004;
Muraleedharan et al., 2004; Parekh et al., 2007). Given the growth
of the global Argo array, these have become a major source of
subsurface oceanic data. Bhaskar et al. (2009) compared the AM-
SR-E and the TMI SSTs with the Argo-derived nominal surface
temperatures over the Indian Ocean and found good spatial cor-
relation between the Argo- and satellite-retrieved SSTs. The Argo
nominal SST used by Bhaskar et al. (2009) is typically measured
at a depth of between 3 and 10 m, which might have consider-
able difference from the skin or subskin SST. To avoid degrading
the salinity accuracy by ingesting sea surface contaminants, a
conductivity/temperature/depth pump installed on a float is
turned off at approximately 5 m beneath the surface as the Argo
float ascends. To meet the need of acquiring near-surface tem-
peratures (hereafter, NSTs) for validation of satellite-retrieved
SSTs, increasing numbers of floats are designed to sample NSTs
without an extra sensor. Thus, they are able to retrieve measure-
ments of 5–15 NSTs at depths of 0–5 m but not measurements of
the salinity.

In this study, we compared TMI and AMSR-E SSTs with Argo
NSTs, which were obtained from Argo profiling floats over the
global oceans, to evaluate the performance of the TMI and AM-
SR-E retrievals. In addition, a comparison of the TMI and the
AMSR-E SSTs with Argo NSTs in the region of the Kuroshio and
its extension was performed. The data and the method used in
the study are discussed in Section 2. The results and their discus-
sion are presented in Section 3, and the conclusions are given in
Section 4.

2  Data and method

2.1  TMI and AMSR-E microwave SSTs
The SSTs retrieved by the TMI and the AMSR-E are used

widely in oceanic and climatic research. The TMI microwave
sensor, launched on November 26, 1997, flies on a non-sun-syn-
chronous orbit and it has a resolution of 6–50 km. The AMSR-E is
a passive microwave sensor with a resolution of 5.4–56.0 km that
was launched with the Aqua satellite in May 2002 (but failed in
October 2011). The Aqua satellite flies on a sun-synchronous or-
bit that crosses the equator at 13:30 local time (LT) on northward
(ascending) passes and at 01:30 on southward (descending)
passes. The SST products from the TMI and the AMSR-E have
been validated by in situ measurements from buoys, high-resolu-
tion XBTs, hull-mounted thermosalinographs, and Argo NSTs
(Gentemann et al., 2004; Dong et al., 2006; Bhaskar et al., 2009).

The SSTs retrieved by the TMI and the AMSR-E were
provided by remote sensing systems, Santa Rose, CA, USA
(Wentz, 1998; Wentz and Meissner, 1999). The TMI SSTs are re-
leased on a 0.25°×0.25° grid over the global tropics (±39.875°),
whereas the AMSR-E SSTs are available globally (±89.875°) with
the same spatial resolution. The daily SST product (Version 4)

from the TMI and the daily passes of the SST product (Version 7)
from the AMSR-E were used in this study. These data sets also in-
cluded wind speed (measured using the 10.65 and 37.0 GHz
channels from the TMI and the 10.7 and 18.7 GHz channels from
the AMSR-E), atmospheric water vapor, liquid cloud water, and
rainfall rate. The TMI instrument was calibrated carefully using
SSM/I collocations based on the methodology described by
Wentz et al. (2001). Brightness temperatures were corrected for
atmospheric effects using a radiative transfer model (Wentz and
Meissner, 1999), whereby the algorithm constants were tuned
slightly by intercomparison with in situ and climatological obser-
vations. The AMSR-E has an onboard calibration system that
compensates continuously for variations in the gain and noise
temperature of the radiometer. The two vital components of this
calibration system are the cold mirror and the hot reference load.
Wentz et al. (2003) used coincident measurements from colloc-
ated observations from other satellites to develop a system for
predicting the temperature of the hot reference. One shortcom-
ing of their procedure is that the in situ data available for the cal-
ibration of the satellite data were largely concentrated in the
tropics.

2.2  Argo NSTs
The Argo NST data used in this study were non-pumped tem-

peratures collected by the APEX, PROVOR, and ARVOR profiling
floats over the global oceans from October 2008 to March 2012.
These floats were deployed and are processed by the British
Oceanographic Data Centre, Indian National Centre for Ocean
Information Services, Japan Meteorological Agency, Scripps In-
stitution of Oceanography, and University of Washington. Their
compiled data are made available on the National Oceano-
graphy Centre’s (UK) ftp site (ftp://ftp.pol.ac.uk/pub/bodc/
argo/NST/). Overall, 409 floats were used in our study, and the
uppermost temperature (above 1 m) of each profile was selected
for comparison with the satellite-retrieved SSTs.

Each Argo NST was matched to the TMI/AMSR-E measure-
ments collected on the same day, the prior day, and 1 d later. A
spatial window of 0.8°×0.5° was chosen to ensure more than one
satellite SST retrieval matched a corresponding Argo profile loca-
tion for each satellite pass. Those selected TMI/AMSR-E observa-
tions measured by ascending and descending passes for each day
were then interpolated linearly to the Argo measurement point.
To minimize diurnal effects, a temporal window of ±5 h was se-
lected for pairing the Argo and TMI/AMSR-E observations. If
more than one of the interpolated TMI/AMSR-E retrievals fell in-
to a specific time window, an averaged TMI/AMSR-E observa-
tion was computed; otherwise, the nearest SST was selected.
After careful assessment of the matchups, abnormal measure-
ments (probably due to transmission errors) from five NST pro-
files were discarded. Therefore, 3 191 and 3 379 data pairs for the
TMI and the AMSR-E, respectively, were matched for this analys-
is. Figure 1 shows the geographic distribution of the TMI/Argo
and AMSR-E/Argo data pairs employed for our analysis. Most
TMI/Argo pairs are located (1) near the Kuroshio, Oyashio, and
Kuroshio Extension in the northern Pacific, (2) between 15°–40°S
in the southern Pacific, (3) in the southern Indian Ocean, espe-
cially near Madagascar, and (4) in the southern Atlantic. The AM-
SR-E/Argo pairs have similar distribution but with many addi-
tional data pairs in the Southern Ocean (south of 40°S) and high
latitudes (north of 40°N) of the northern Pacific and northern At-
lantic.
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3  Results and discussion

3.1  Diurnal variability from Argo temperatures
To check the diurnal variability in the upper ocean, the near-

surface and nominal surface (5 m was selected here) temperat-
ures were selected and compared for each Argo temperature pro-
file. Figure 2 shows the temperature difference between the Argo
near-surface and 5 m temperatures, bin-averaged based on the
LT. A pronounced diurnal warming can be observed between
10:00 and 19:00 LT, with maximum warming of about 0.1°C oc-
curring at 14:00–15:00 LT. Accompanying the diurnal warming,
the variability of the temperature difference increases by 0.33°C
with a mean standard deviation of about 0.23°C. A diurnal cool-
ing before 08:00 LT can be seen, with average cooling of about
0.07°C and standard deviation of 0.10°C. On the basis of our ana-
lysis, the maximum warming and cooling can be as much as ap-
proximately 4.5°C.

A seasonal dependence of the temperature difference exists
in both the northern and southern Hemispheres (Fig. 3). The
warm bias is most pronounced in the summer months, which is a

result of increasing stratification in the upper ocean. This warm
bias is more significant in the Southern Hemisphere (about
0.05°C on average) than in the northern Hemisphere. Further-
more, the standard deviation of diurnal warming in the southern
Hemisphere (mean value of 0.26°C) is much lower than in the
Northern Hemisphere. A cold bias can be observed in the winter
months, which is attributable to seasonal changes in upper-
ocean stratification. However, the standard deviation of the tem-
perature difference (~0.08°C) is smaller than in the summer
months because stronger winter winds reduce the background
stratification.

3.2  Argo NSTs versus TMI/AMSR-E SSTs
Scatter plots of the TMI and the AMSR-E SSTs and the Argo

NSTs are shown in Fig. 4. Overall, the TMI/AMSR-E SSTs and the
Argo NSTs show good agreement over the global oceans, with 

Fig. 1.   Match-ups between ascending/descending passes of TMI
(a) and AMSR-E (b), and Argo profiles. Both TMI and AMSR-E
measurements were observed on January 1, 2010, and their times
of passes are indicated by color swaths.  The Argo profiles are
marked as black triangles. Boxes A (30°–40°N, 135°–168°E) and B
(20°–30°N, 125°–135°E), marked by gray rectangles, indicate the
Kuroshio and Kuroshio Extension regions.

 

Fig. 2.   Argo NSTs minus Argo 5 m temperatures, bin-averaged based on local time. Error bars are twice the standard error for each bin.

 

Fig. 3.   Argo NSTs minus Argo 5 m temperatures, bin-averaged
based on month for the Northern Hemisphere (blue) and the
Southern Hemisphere (red). Error bars are twice the standard er-
ror for each bin. Here, we adjusted the month so that Month 1 is
January for the Northern Hemisphere and July for the Southern
Hemisphere.
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correlation coefficients of 0.986 and 0.995, respectively. The root
mean square errors (RMSEs) of the TMI and the AMSR-E SSTs
with respect to the Argo observations are 0.74 and 0.73°C, re-
spectively, which are higher than found by previous studies (e.g.,
Wentz et al., 2000; Senan et al., 2001; Bhaskar et al., 2009). These
earlier studies used smaller ranges for validation; however, the
moored buoy time series they used had more data points than
the Argo NSTs used in our analysis.

3.3  Temperature differences related to wind speed, water vapor,
and cloud water
The TMI/Argo and AMSR-E/Argo temperature differences

were bin averaged for a range of physical parameters including
not only satellite retrievals of wind speed and atmospheric water
vapor (Dong et al., 2006), but also liquid cloud water. The largest
temperature differences occur at low wind speed (Fig. 5). For ex-
ample, on average, for wind speeds less than 5 m/s, both TMI
and AMSR-E SSTs are warmer than the Argo NSTs, with maxim-
um warming of about 0.5 and 1.5°C and mean values of 0.13 and
0.63°C, respectively (Table 1). Previous studies (Dong et al., 2006;
Donlon et al., 2002; Gentemann et al., 2004) have found that the
difference between skin and bulk temperatures have large vari-
ations at low wind speeds. Stronger winds tend to mix the water,
causing small subskin-bulk SST differences. At low wind speeds,
especially during daytime with solar insolation, subskin-bulk SST
differences tend to be higher because of the effects of diurnal
warming. For wind speeds greater than 5 m/s, the subskin-bulk
SST differences become smaller, because wind-induced mixing
homogenizes the upper few meters of the ocean. For wind speeds
greater than 11 m/s, the standard deviation of the TMI/Argo tem-
perature difference tends to increase (Fig. 5a) more rapidly than
that of the AMSR-E/Argo. This implies that the AMSR-E SSTs
might have smaller errors than the TMI SSTs under strong wind
conditions. This strong wind effect is likely linked to a surface
roughness, particularly to the formation of foam and spray,
which in turn, leads to high sea surface emissivity. On average,
for wind speeds greater than 15 m/s (here, wind speed measured
using the 10.65 GHz channel), the TMI SSTs tend to be smaller
than the Argo NSTs by about 0.36°C (Fig. 5, Table 1). This cool bi-
as is more distinct with an average bias of –0.56°C if wind speeds

are measured using the 37.0 GHz channel. However, the cool bi-
as (about –0.08°C) is not distinct for the AMSR-E retrievals at high
wind speeds. This result is consistent with the cool bias found by
Gentemann and Wentz et al. (2001), and it implies that the TMI
SSTs might be poorly calibrated under strong wind conditions.

Columnar water vapor is the second most important factor
that affects the temperature differences, as has been found by
some previous studies (Dong et al., 2006; Gille, 2012). Figure 6
shows that both TMI and AMSR-E SSTs are warmer on average
than Argo NSTs when columnar water vapor is less than 8 mm,
with mean warming of 0.80 and 0.64°C, respectively (Table 1).
Radiation is affected by the absorption and emission of water va-
por and cloud liquid water within the atmosphere and therefore,
brightness temperatures measured by satellites differ from
ground-based brightness temperature measurements (Brisson et
al., 2002; Merchant and Le Borgne, 2004). Columnar water vapor
is normally at its lowest in cold conditions; therefore, biases for
low water vapor conditions are expected to have impact at high
latitudes. This suggests there are calibration problems for the
TMI and AMSR-E SSTs at high latitudes. Compared with low lat-
itudes, there are fewer calibration data available for high latit-
udes, which might lead to poorer calibration under low water va-
por conditions (Dong et al., 2006). The temperature differences
become smaller when water vapor values are greater than 8 mm.
By excluding data pairs for low water vapor conditions (< 8 mm),
the average temperature differences between the TMI/AMSR-E
SSTs and Argo NSTs are reduced from 0.05 and 0.20°C (Table 1)
to –0.01 and 0.15°C, with mean standard deviations of 0.72 and
0.69°C, respectively. Therefore, the extensively distributed Argo
NSTs could provide a data set with potential for eliminating the
low water vapor effect in the TMI and AMSR-E SSTs.

Given the impact of columnar water vapor, liquid cloud wa-
ter could also be suspected as a source of bias. However, the
TMI/Argo and AMSR-E/Argo temperature differences hardly
vary with liquid cloud water (Fig. 7). The mean standard devi-

 

Fig. 4.   Scatter plots of Argo NSTs against TMI (a) and AMSR-E
SSTs (b) during October 2008 to March 2012. Dashed lines show
a linear regression.

 

Fig. 5.   Scatter plots of TMI (a) and AMSR-E SSTs (b) minus Argo
NSTs versus wind speed measured by TMI (measured using the
10.65 GHz channel) and AMSR-E (measured using the 10.7 GHz
channel),  respectively.  Bin-averaged temperature differences
based on latitude are marked as gray dashed lines. Error bars are
twice the standard error for each bin (standard deviation is not
calculated when the number of data pairs is less than 5 in each
bin).
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ations of the temperature differences are 0.75 and 0.69°C for the
TMI/Argo and the AMSR-E/Argo, respectively, with cloud water
varying in a range of 0–0.2 mm. However, on average, the TMI
SSTs tend to be warmer than the Argo NSTs by 0.2°C when liquid
cloud water is low (< 0.06 mm). AMSR-E retrievals are colder
than the Argo NSTs when liquid cloud water is high (> 0.15 mm)
(Table 1), with a maximum value of about 0.4°C. This is consist-
ent with the results from a comparison of the AMSR-E and global

Argo 5 m temperatures (Gille, 2012).

3.4  Latitudinal distribution
Bin-averaged temperature differences based on latitude were

calculated for both TMI/Argo and AMSR-E/Argo SSTs (Fig. 8).
The standard deviations between the TMI/AMSR-E SSTs and the
Argo NSTs are less than 1°C for most latitudes (with mean stand-
ard deviations of 0.56 and 0.54°C for the TMI/Argo and AMSR-
E/Argo temperature differences, respectively), except for the
mid-latitudes (35°–40°N) in the Northern Hemisphere for the
TMI, and for 55°–60°S and 36°–52°N for the AMSR-E. The maxim-
um standard deviation of the temperature differences can ex-
ceed 1.4 and 1.2°C between 35°N and 40°N for the TMI/Argo and
the AMSR-E/Argo, respectively. Most Argo profiles between 35°N
and 52°N are located near the Kuroshio, Oyashio, and Kuroshio
Extension regions (Fig. 9), where the SST has distinct spatiotem-
poral variabilities (Miller et al., 1994; Deser and Blackmon, 1995;
Qiu, 2000; Nonaka and Xie, 2003). Between 55°S and 60°S in the
Southern Ocean, the presence of the Antarctic Circumpolar Cur-
rent can lead to considerable variability of the SST (Hall and Vis-
beck, 2002; Verdy et al., 2006). Although there are few TMI/Argo
and AMSR-E/Argo data pairs in the tropics (between 10°N and
15°N), their standard deviations of the temperature differences
are smaller than in the mid- and high latitudes, with mean val-
ues of about 0.46 and 0.30°C, respectively.

3.5  Comparison of TMI and AMSR-E SSTs with Argo NSTs in the
Kuroshio and the Kuroshio Extension regions
To compare the TMI and the AMSR-E SSTs with the Argo

NSTs in the Kuroshio and Kuroshio Extension regions, we selec-
ted the Argo NSTs in two regions: 20°–30°N, 125°–135°E (Box B in
Fig. 1) and 30°–40°N, 135°–168°E (Box A in Fig. 1). Both TMI and
AMSR-E SSTs compare well with the in situ observations in these

Table 1.   Mean temperature difference between satellite-retrieved SSTs and Argo NSTs, and the corresponding standard error against
different parameters

Parameter
Wind speed/m·s–1 Water vapor/mm Cloud water/mm

0–22 <5 >15 0-60 <8 0–0.25 <0.06 >0.15

TMI–NST/°C 0.077±0.867 0.130±0.804 –0.364±1.124 0.053±0.753 0.796±1.270 –0.031±0.750 0.023±0.750 –0.051±0.832

AMSR-E–NST/°C 0.169±0.747 0.630±0.901 –0.084±0.780 0.203±0.695 0.635±0.748 –0.015±0.688 0.143±0.694 –0.187±0.788

 

Fig. 6.   Scatter plots of TMI (a) and AMSR-E SSTs (b) minus Argo
NSTs versus water vapor measured by TMI and AMSR-E, respect-
ively. Bin-averaged temperature differences based on latitude are
marked as gray dashed lines. Error bars are twice the standard er-
ror for each bin.

 

Fig. 7.   Scatter plots of TMI (a) and AMSR-E SSTs (b) minus Argo
NSTs versus cloud water measured by TMI and AMSR-E, respect-
ively. Bin-averaged temperature differences based on latitude are
marked as gray dashed lines. Error bars are twice the standard er-
ror for each bin.

 

Fig. 8.   Scatter plots of TMI (a) and AMSR-E SSTs (b) minus Argo
NSTs  versus  latitude.  Bin-averaged  temperature  differences
based on latitude are marked as gray dashed lines. Error bars are
twice the standard error for each bin.
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regions. The correlation and the RMSE are slightly better for the
AMSR-E SSTs than for the TMI SSTs (Table 2). The RMSEs for the
TMI and AMSR-E SSTs with respect to the Argo NSTs in the re-
gion of the Kuroshio Extension are higher than in the Kuroshio

region, with values of 1.27 and 1.21, respectively, i.e., the variabil-
ity of the SST in the Kuroshio Extension region is greater than in
the Kuroshio region. Some seasonal dependence of the temper-
ature difference can still be seen in the Kuroshio Extension re-
gion (Fig. 10). The satellite-retrieved SSTs tend to be warmer than
the in situ observations from February to August, with mean
warming of 0.41 and 0.52°C for the TMI and the AMSR-E, respect-
ively. However, on average, the satellite-retrieved SSTs are lower
than the Argo NSTs in October and November. The maximum
standard deviation of the temperature difference (up to 2.21°C)
was observed in spring.

On average, the TMI and AMSR-E SSTs in the Kuroshio Ex-
tension region are warmer than the Argo NSTs when the wind
speed is less than 8 m/s, with mean warming of 0.78 and 1.02°C,
respectively (Fig. 11). A similar warming tendency by as much as
2.5°C is found in the Kuroshio region when the wind speed is less
than 5 m/s (not shown). This implies that neither the TMI nor the
AMSR-E SSTs in the regions of the Kuroshio and Kuroshio Exten-
sion are well calibrated at low wind speeds, and that the TMI
might perform better than the AMSR-E. Similar to the results over
the global oceans, the TMI and AMSR-E SSTs in the Kuroshio Ex-
tension region are slightly warmer than the Argo temperatures
when columnar water vapor is less than 8 mm, with mean warm-
ing of 0.82 and 0.81°C, respectively (not shown); note, columnar
water vapor of less than 8 mm was not observed in the Kuroshio
region.

4  Conclusions
In this study, the Argo NSTs obtained within 1 m from the sur-

face over the global oceans were used for comparison with the

TMI/AMSR-E SSTs to analyze the relationships between the tem-
perature differences and the satellite-retrieved wind speeds, at-
mospheric water vapor, liquid cloud water, and geographic loca-
tion. Before the comparison, an analysis of the diurnal variability
of the upper-ocean temperature was presented based on Argo
near-surface and 5 m temperatures. Diurnal warming can be

Table 2.   Statistical results of comparison of the TMI and AMSR-E SSTs with the Argo NSTs in the Kuroshio and Kuroshio Extension
(KE) regions

Region Microwave sensor Correlation coefficient RMSE/°C No. of data point

Box A (KE) TMI 0.97 1.27 555

AMSR-E 0.99 1.21 350

Box B (Kuroshio) TMI 0.97 0.72 211

AMSR-E 0.97 0.69 171

 

Fig. 9.     Geographic distributions for TMI/Argo (a) and AMSR-
E/Argo (b) data pairs. The colored dots indicate the temperature
differences between the TMI/AMSR-E and the Argo at different
locations.

 

Fig. 10.     Scatter plots of TMI (a) and AMSR-E SSTs (b) minus
Argo NSTs versus month in Box A. Bin-averaged temperature dif-
ferences based on month are marked as gray dashed lines. Error
bars are twice the standard error for each bin.

 

Fig. 11.   Same as Fig. 5, except for the region of Box A in Fig. 1.
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found from 10:00 to 19:00 LT with maximum warming occurring
at 14:00–15:00 LT. Diurnal cooling generally occurs before 08:00
LT. The seasonal dependence of this diurnal variability exists in
both the Northern and Southern Hemispheres, with warming
and cooling found in the summer and winter months, respect-
ively, which probably results from increasing stratification in
summer and seasonal changes in the upper-ocean stratification
in winter. The comparison revealed high correlation between the
satellite-retrieved SSTs and the Argo NSTs. When the wind
speeds were less than 5 m/s, both TMI and AMSR-E SSTs have a
warm bias relative to the Argo NSTs, which reflects the subskin-
bulk temperature difference. The statistics of the comparison
suggest that TMI performs slightly better than AMSR-E at low
wind speeds, whereas the TMI SSTs might be poorly calibrated at
high wind speeds.

The temperature differences under low water vapor (< 8 mm)
show that both TMI and AMSR-E SSTs have a warm bias, which
might reflect the sensitivity of the algorithm to low water vapor
conditions. Such a situation often occurs at high latitudes where
the numbers of the in situ data collected and available for valida-
tion of satellite-retrieved SSTs are few.

The analysis of the spatial distribution show that both TMI
and AMSR-E SSTs are in good agreement with the Argo NSTs at
low latitudes. The maximum variations of the temperature differ-
ence were found near the Kuroshio, Oyashio, and Kuroshio Ex-
tension regions in the northern Pacific, as well as at 55°–60°S in
the southern Ocean. Further analysis of the region of the Kurosh-
io and its extension shows that the variability of the SST in the
Kuroshio Extension is higher than in the Kuroshio region. A sea-
sonal dependence of the temperature difference was found in the
Kuroshio Extension, which revealed lower variability of the tem-
perature difference in spring. Both TMI and AMSR-E SSTs in the
region of the Kuroshio and its extension are poorly calibrated at
low wind speeds (< 8 m/s), although the TMI might perform bet-
ter than the AMSR-E in these regions.

As the Argo real-time ocean observing array is expected to be
maintained for at least a further 10 a, it will provide time series
profiles over the global oceans that are more accurate than from
TAO buoys, which could produce a data set with potential for the
validation of satellite-retrieved data. In comparison with other in
situ observations, the Argo NSTs might be more suitable for val-
idation and evaluation of satellite-retrieved SSTs because of their
higher accuracy and greater coverage.
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