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ABSTRACT excluded or corrected before being assimilated into cli-
mate SST analyses.

The AATSR (Advanced Along Track Scanning Radiome-  Whilst the Met Office gathers and monitors European
ter) Sea Surface Temperature (SST) Meteo product has Space Agency (ESA) skin SSTs, it also separately cal-
been available since August 2002. Extended validation culates the skin SST from the top of atmosphere bright-
has been performed on this SST product on a daily basis ness temperatures using the pre-launch retrieval coeffi-
at the Met Office (U.K.). Meteo product SSTs have been cients supplied by ESA. These values of skin SST, cal-
compared with in-situ measurements from globally dis- culated locally, are compared with the ESA product on a
tributed buoy data and a climate SST analysis compiled daily basis. Recent results suggest that new coefficients
from in-situ and AVHRR (Advanced Very High Resolu-  adopted by ESA are effective in removing the majority
tion Radiometer) measurements. These validation results of the global mean bias between the 2 and 3 channel
have confirmed the AATSR Meteo product skin SST to be retrievals. However, in order to ensure the ongoing ho-
within +£0.3 K of independent in-situ data. Three-way mogeneity of the Met Office AATSR SST product, the
error analysis of AATSR, Advanced Infra-Red Sounder pre-launch coefficients are still operationally used by the
(AIRS) and in-situ SSTs shows an uncertaintpdfd K Hadley Centre.

for AATSR data.

Meteo product skin and bulk SSTs have been compared
with point measurements of globally distributed moored
and drifting buoys, a%climate SST analysis field com-
piled from in situ measurements and Advanced Very
High Resolution Radiometer SSTs (Hadley Centre Sea
) ) L Ice & Sea Surface Temperature analyses, HadlSST), with
The AATSR instrument upon the Envisat satellite aims  ggTg retrieved from TMI measurements, and with SST
to observe the skin Sea Surface Temperature (SST) 10 gerived from AIRS measurements. The validation results

within 0.3 K accuracy (within 15 limits) in order to con- have confirmed the AATSR Meteo product skin SST to
tinue the collection of SST data begun by the ATSR-1 4 \ithin-+0.3 K of in situ data.

and ATSR-2 instruments upon the Earth Remote-Sensing

Satellites 1 and 2 (ERS) since 1991. Meteo product data

have been gathered in near-real time at the Met Office

(U.K.) from AATSR since 19 August 2002 via the ESA 2 DATA AND METHODOLOGY

ftp servers. Daily monitoring of these AATSR skin SSTs

has been performed, and further validation against vari-

ous climate data sets undertaken. A skin to bulk correc- 2 1. AATSR Meteo product

tion is estimated using the Fairall [1] model to account

for the differences in SST from the surface skin SST to a

depth of around m. These bulk SSTs are more suitable The AATSR Meteo product [3] is a fast-delivery level 2

measurements to compare against in-situ SST measure- product designed for use in meteorological studies. The

ments and other in-situ based climate data sets. product contains spatially averaged top of atmosphere
brightness temperatures measured in the instruments two

Along with the skin to bulk conversion, a diurnal ther-  views and 4 channels (3 infrared, 1 visible) and skin SSTs

mocline model, based on the Kantha-Clayson model [2], in cloud cleared 10 arc minute cells. The SST retrieval

is run at the Met Office in order to gain knowledge of used ESA' pre-launch coefficient set, for both the nadir-

possible diurnal surface warmings. These typically oc- view and the dual-view combination until 7 Dec 2005,

cur more frequently in low-latitudes, and in scenarios of when a new coefficient set was released. In each case,

high insolation and low wind speeds. SSTs influenced only thell ym and12 um channels are used during the

by these surface warmings are less characteristic of the day (D2), and th&.7um channel is included during the

overall heat budget of the ocean and so should either be night (D3). The SST product validation described in this
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paper uses only the dual-view SST both for day and night has a larger footprint than AATSR, with a diameter of

observations. 14km (compared to 1km for AATSR). In this study the
AIRS SSTs are calculated using information primarily
from channel numbers 1291 and 2333 corresponding to

2.2. Buoy data 1231.3 em~! and 2616 cm~! respectively. These are
used becausg616 cm~! is the most transparent chan-

. ] nel in the AIRS spectrum ari®31 cm ! is the next best
In this study, AATSR skin and bulk SSTs have been com-  window channel [6].

pared to moored buoys and ships, plus drifting buoy SST
measurements. The in-situ observations are extracted ynlike the AATSR retrieval which uses a combination
from the Global Telecommunications Sytem and matched of channels and views, the AIRS SST retrievals use ra-
up with AATSR observations on a weekly basis [4]. The  diances from the afore mentioned window channels and
buoy match-up database is a collection of 79 different then apply a small correction due to residual water vapour
fields detailing the buoy observations, AATSR observa- continuum absorption with a nearby channel which is in
tions and atmospheric and sea surface conditions. The g water vapour absorption line. The SST derived at wave
current dataset comprises data from 19 August 2002 to number1231 em ! (SSTy931) is the sea surface tem-
13 April 2007. perature assuming an emissivity= 0.98 under cloud-
. o free conditions [7]. It uses the difference between the

The matching up process of AATSR and in-situ observa- 19313 &n—1 and 1227.7 em—! channels for a water
tions involves the following steps: vapour correction. The SST at wave nump&t6 cm 1

(SSTs616) is calculated using the algorithm from Au-
o Mmann et al. [6]. This algorithm uses the difference be-

tween channels @616 ¢m ™! and2607.8 cm ™! for the

water vapour correction.

e in-situ observations must be located within the 1
arc-minute grid box of the AATSR cell

¢ if 2 buoy observations are matched up to the same
AATSR observation, the buoy observation closest in

time is chosen 2.5. Met Office processing of skin to bulk SST differ-

o time difference between the two data types must be ences
within 43 hours

The Met Office receives the Meteo product containing the
ESA skin SST, brightness temperatures and other related
information on a daily basis in near-real time (see 2.1).
The data is then processed with a time lag of 2 days.
The skin SSTs at the Met Office are retrieved from the
Brightness Temperatures using ESA launch coefficients
2.3. HadISST analyses and compared to the ESA skin SST. The ESA skin SST
is retrieved using December 2005 coefficients from 8 De-

The Hadley Centre Sea Ice and Sea Surface Tempera- cember onwards.

ture dataset (HadISST) [5] is compiled by the Met Of- . . )

fice Hadley Centre for Climate Prediction and Research Met Office AATSR skin and bulk SSTs are bias cor-
and is used routinely in AATSR validation. The dataset rected before use. The bias correction is derived by using
is a globally complete sea-ice and SST analysis field on the AATSR match-up data base with buoy SST observa-
a 1° spatial resolution grid, produced on a monthly ba- tions. This process involves converting the buoy SST to
sis. The SST data which contribute to HadISST come @ skin SST by using the Fairall model [1]. This buoy skin
from ShipS, buoys and the AVHRR on the National SSTis then Compared with the AATSR S_klﬂ SST for the
Oceanic and Atmospheric Administration (NOAA) satel- ~ 2-channel (D2) and 3-channel (D3) retrieval using only
lites. AATSR 10 arc-minutes observations have been av- Night-time match-ups where the time difference between

e cloudy observations are screened out by check-
ing the quality control word calculated during the
AATSR processing at the Met Office

eraged to a monthly mean product on°agtid. Compar- the different observation types is less than 1 hour. The
isons have been made against HadISST for each month resulting bias correction for D2 is0.05 K and for D3
from September 2002 to February 2007. —0.22 K. Bulk SSTs are then calculated from the bias

corrected skin SSTs [8].

The Met Office derived skin SST is then processed to a
bulk SST, which is the temperature of the ocean at around
1 m depth. This is done by using the Fairall model [1]
The Atmospheric Infrared Sounder (AIRS) is an infrared and is necessary because the satellite observes a radiative
spectrometer that covers tBg — 15.4um spectral range skin temperature which is always cooler than the sub-skin
with 2378 spectral channels. It was launched as part by more thar.1 K. SSTs for climate purposes require
of the National Aeronautics and Space Administration’s a bulk temperature which provides a more comparable
(NASA's) AQUA satellite in May 2002. AIRS primary measurement when comparing with other SST climate
purpose is for atmospheric sounding applications. AIRS datasets.

2.4. AIRS Instrument



Table 1. Statistics of co-located AATSR minus buoy SSTs
for 01/01/2003 - 31/12/2006

SST type Subset Bias [K] o [K]

Met Office Skin  Day + Night -0.12 0.30

Met Office Skin Day -0.07 0.33

Met Office Skin  Night -0.17 0.26

Met Office Bulk Day + Night 0.03 0.29

Met Office Bulk Day 0.09 0.33

Met Office Bulk  Night -0.02 0.25
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Figure 1. AATSR 2-channel (day) and 3-channel (night)

bulk SST from the Meteo product of 10 February 2007. affected by diurnal surface warmings. Figure 2 shows an
example of a monthly mean bulk SST for February 2007.

The data gaps in the monthly mean are mainly caused by
persistent or high frequently cloud coverage and sea-ice.

AATSR bulk SST (D2 day, D3 night) Feb 20 [ec1

4. VALIDATION RESULTS

4.1. Comparisons with buoy SSTs

Figure 3 shows the coverage of buoy SSTs matched up
R — with AATSR observation for the time period 19 August
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 3) 34 2002 to 13 April 2007. The blue crosses indicate match-
ups with drifting buoys, which comprise the majority and
Figure 2. Monthly mean AATSR 2-channel (day) and show a good global distribution. The purple crosses in-

3-channel (night) bulk SST from the Meteo product of dicate match-ups with moored buoys. These are lim-
February 2007. ited mainly to the North American and Europe coastal

regions and the TAO/PIRATA array in the tropical Pa-
cific/Atlantic.
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At night the sub skin SST is representative of the bulk
SST at around m in depth. However, during the day A statistical comparison of bulk and skin bias-corrected
the sub-skin SST can become warmer than the bulk SST AATSR SSTs with the matched-up buoy SSTs was car-
by several Kelvin, especially in cases of strong insolation ried out for the time period from 1st January 2003 to 31st
and low wind speeds where thermal stratification results. December 2006. In addition to the filtering described in
These diurnal warmings effects are modelled at the Met Section 2.2 a 3-sigma standard deviation filter was ap-
Office, using the Kantha-Clayson model [2] to try to pre-  plied in order to screen out outliners from the analyses.
dict occurrences of warming within the 10 arc-minute cell ~ The results of this comparison are shown in Table 1. The
of the AATSR observation. Required fluxes and wind
speeds, spanning a 30-hour time frame centred on each
satellite observation, are taken from the Met Office Nu-
merical Weather Prediction (NWP) fields. Observations
affected by diurnal warming are flagged and not included
in further analyses.

AATSR-buoy matchup distribution  [2002-08-19 to 2007-04—13]

180°E 1207 60°W o 60°E 1207

3. METEO PRODUCT RESULTS

Global plots of daily and monthly SST measurements
have been produced throughout the whole validation pe- — =

riod on a daily and monthly basis respectively. As an Oning by Mosrd e

example for a daily SST validation plot the dual view 2- ) ) N
channel (day) and 3-channel (night) bulk SST for 10th Figure 3. Locations of moored (purple) and drifting
February 2007 is shown in Figure 1. The visible gaps (blue) buoy SSTs matched with AATSR SSTs from 19 Au-

within the AATSR swath are areas covered with clouds or gust 2002 to 13 April 2007.
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Figure 4. Time series of bias corrected bulk (blue) and
skin SST (red) minus buoy SST from 19 August 2002 to
13 April 2007.

Table 2. Statistics of new-retrieval coefficients for 2003
(night-time observations)

retrieval Bias [K] o [K] n
D2 (Dec 2005) 0.16 0.33 3946
D3 (Dec 2005) 0.16 0.25 3947

AATSR bulk SST during night-time is in good agree-
ment with the matched-up buoy SST, indicating a good
performance of the applied bias correction. The day-
time AATSR bulk SST is aboul.1 K warmer than the
corresponding buoy SST. As the bias correction for the
2-channel algorithm is calculated using only night-time
observations, this warm bias against buoy SSTs might
be caused by undetected thermocline warmings during
the day. The AATSR skin SST shows a cold skin of
—0.17 K during night-time compared to the buoy obser-
vations. The standard deviations are generally lower dur-
ing night-time (.25 K) than during day-time((33 K),
indicating a better performance of the 3-channel SST al-
gorithm compared to the 2-channel SST algorithm.

Figure 4 shows the daily averaged differences between
the bias-corrected satellite bulk and skin SSTs with the
matched-up buoy SST. The bias-corrected AATSR SSTs
show a good constant performance throughout the whole
time period with the majority of the differences being less
than0.3 K.

4.2. Comparison with new retrieval coefficients

ESA released the new retrieval coefficient set opera-
tionally on 07 December 2005 to supersede the AATSR
pre-launch coefficients. A comparison of the AATSR
SSTs retrieved by using the new coefficients against the
AATSR/buoy match-up database for 2003 has been car-
ried out. The results, summarised in Table 2, show that
the global bias between the D2 and D3 retrievals of the
ESA launch coefficients (D2 = 0.06K, D3 = 0.21K) has
been removed. A global bias with respect to in-situ ob-
servations remains. The new retrieval coefficients are
currently not operationally used, because an ongoing ho-
mogeneity of the operationally Met Office AATSR SST

90N
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Figure 5. Monthly mean difference between AATSR 2-
channel (day) and 3-channel (night) bulk SSTadISST,
February 2007.

product has to be ensured for the use in climate applica-
tions.

4.3. Comparison against HadISST

For comparisons against HadISST1, the AATSR 10 arc-
minutes observations have been averaged to a monthly
mean product on a°lgrid. Validation against HadISST

is routinely performed on a monthly basis and has been
done for the whole AATSR lifetime. Figure 5 shows
the difference between the Met Office AATSR bulk
SST product and the HadISST1 climatology for Febru-
ary 2007. The global averaged difference-i8.06 K
with a standard deviation di.6 K. The largest dif-
ferences can be found in regions with fewer number of
observation and a high spatial variability due to persis-
tent or high frequently cloud coverage (Southern Oceans,
Kuroshio Current, Gulf stream), when no SST can be re-
trieved from AATSR observations.

4.4. Comparison with AIRS

Both the AATSR bias corrected skin and AIRS SSTs have
been averaged to a monthly mean product ofgritd for
January, April and June 2006. The differences between
AIRS and AATSR SSTs have been carried out with both
of the AIRS SSTs §5T2616 and SSTz516) Separately
and gives two AIRS comparisons with AATSR. In addi-
tion to the Global analysis, statistics are also collected i
three latitude bands: latitudes greater than 30N (Northern
band), latitudes between 30N and 30S (Tropics) and lat-
itudes less than 30S (Southern band). Figure 6 shows an
example anomaly plot of AATSR minus AIRS night-time

S STs616 for January 2006.

The statistical results of the comparisons for Jan-
uary 2006 are shown in Table 3. Overall AATSR minus
AIRS gives a positive bias. This means AIRS is giving
colder SSTs than AATSR. Globally this bias is in the re-
gion of 0.5 K. The global standard deviation is in the



Table 4. Biases and Standard deviations from three-
point, AATSR, AIRS, Buoy Match-ups for a mean of three
months in 2006 (January, April and Juné)$T1231 (Up-

per part) SSTs616 (lower part)

. ) - Comparison  Mean Bias [K] ¢ [K] n
B S R e Rl AATSR-AIRS 0.60 0.52 267
Buoy-AIRS 0.61 055 267

wst=— L " . AATSR-Buoy -0.01 0.26 267
. AATSR-AIRS 0.56 0.43 268
e Buoy-AIRS 0.56 0.46 268

AATSR-Buoy -0.01 0.26 268

Figure 6. Monthly mean difference between AATSR
night-time skin SST minus AIRS night-tif€7 516, Jan-
uary 2006.

guencies and the attribution of this to various gases. In

both these windows water vapour is the main absorber,
Table 3. Statistics for AATSR (bias-corrected, night-Jime  with other gases contributing little to the absorption.
D3 skin SST minus AIRS night-tifi§ T} 231 (upper part) Globally averaged the effect of water vapour absorption
and SSThe16 (lower part) for January 2006 (April 2006 s greater in thé 231 cm~! channel than the616 cm !

and June 2006 give similar results). channel making the latter more transparent to radiation,
Area Bias [K] o [K] n therefore giving a more accurate SST. The difference is
Global 051 0.62 25363 largest for high water vapour columns in the tropics.
>30N 0.37 0.72 3567
305 ;032 N 81; 8:; 1;1232 4.5. Three-point Comparison with AIRS and buoy
< : . observations
Global 0.49 0.52 25365
>30N 0.36 0.65 3564 . . . .
An extension to the three-point error analysis carried out
305-30N 0.60 0.40 14384 by O’Carroll et al. [10] was done for AATSR, AIRS and
<305 0.32 0.59 7404 Buoy SSTs. From the co-located mean values and stan-

dard deviation of the difference between each of the three

observation sets information can be gained to enable the

error of each observation to be derived. Assuming the er-
region of0.6 K. The bias is partly due to the different  rors in the three observation types are uncorrelated, the
cloud detection schemes applied to the data from each in- error is calculated using equation 1. The appendices of
strument. Some of the difference can also be attributed O’Carroll et al. [10] explains in more detail the calcula-
to the different retrieval algorithms for the two datasets. tion and gives a discussion of the validity of assuming the
The AIRS dataset uses individual narrow channels that errors are uncorrelated.
can see between absorption lines, while the AATSR SST

dataset uses a combination of three wider channels and o7 = 1 (varis 4+ vars, — vars) 1)
two coincident views. There is also some contribution 2

from the slightly different absorption characteristics of s 1

the atmospheric windows that the different instruments 92 = 3 (vares + varia — varsy)

use. A difference between the biases and standard de- 2 1

viations is evident when using the two different AIRS 9 = 3 (varsy + vargs — varns)

channels. The bias between AATSR and AIRS is larger

when using the AIRS ST1231 than when using the AIRS Whereo; is the estimated error for observation type i
SS5T5616. This is particularly seen in the tropics where  (wherei = 1,2, or 3) andar;; is the variance of the dif-
the water vapour effects have the greatest impact, and this ference between observation types i and j.

effectis diluted by the dryer high latitude air in the global

statistics. For the 3 months studied the difference in bias The three-point match-up uses the existing global

between the channels in the tropics is betwedn K AATSR and buoy match-up file (see section 2.2). Match-
and0.14 K. The standard deviation is also larger by ups are only selected if they occurred during the night
around0.1 K in the tropics when using AIRS ST} 231. and if the AATSR and Buoy measurements were taken

Both the smaller bias and the smaller standard deviation within 3 hours of each other. Both drifting and moored
show that AIRSSSTyg16 is better suited for SST mea- buoy SSTs are used. The AIRS SSTs, which are not bulk
surements tha8'ST7231. adjusted, are then matched with the remaining AATSR-
buoy match-ups and the statistics are calculated. The 3-
Saunders [9] discusses the transmittance at various fre- sigma standard deviation test is applied to filter out any



Table 5. Error Analysis using three-point match-up
statistics. Derived standard deviation of error for each
observation type [K]

AIRS Channel AATSR AIRS Buoy
1231 em™! 0.13 0.50 0.22
2616 cm ™! 0.14 0.41 0.22

extreme outliers. Future work could involve bulk adjust-
ing the AIRS SSTs using the Fairall model [1] to convert
to bulk SSTs in order to provide a better comparison with
AATSR bulk SST and buoy SST. The biases and standard
deviations calculated using this method are shown in Ta-
ble 4.

AIRS SST is cooler than bulk AATSR and buoy SST by
about0.6 K. This would have been expected, because
AIRS observes the temperature of the ocean skin, the top
few microns, which is generally a few tenths of a Kelvin
cooler than just below the ocean skin. The AATSR skin
SST measures the same part of the ocean skin and a com-
parison with AIRS SST gave a bias of arounhd K to

0.5 K (see section 4.4). For the three-point match-up the
AATSR SST has been adjusted to give a bulk SST to be
directly comparable with buoy SST. Because of this ad-
justment the AATSR SST would be expected to become
warmer still by a few tenths of a Kelvin. This would in-
crease the bias between AATSR and AIRS SST, which
explains larger bias in this comparison.

Because of the bulk adjustment of AATSR SST and the
bias correction applied to it, the AATSR SST minus buoy
SST gives a very small bias, hundredths of a degree and
a small standard deviation, only a few tenths of a degree.
There is a larger bias and standard deviation when using
AIRS SS5T1231 than AIRSSSTy416. This pattern agrees
with the AATSR-AIRS comparison shown in section 4.4
and is explained by differences in the water vapour con-
tinuum absorption between the two channels.

An error analysis has been carried out using the method
described at the beginning of this section (equation 1).
The results of this analysis for the three month mean
shown in Table 5 give very similar results to those
in the three-point AATSR, Buoy, AMSR-E comparison
O’Carroll et al. [10] which show an error di.16 K

for the AATSR bulk SST).42 K for the AMSR-E SST
and0.23 K on the buoy SST. The error is smallest for
AATSR. Buoys have the next smallest error and AIRS has
the largest error. The errors of the AIRS SST are compa-
rable with the error of AMSR-E SST shown by [10].

The AIRS SST errors are smaller when using the
2616 cm~! channel than when using tH31 cm ™!
channel. This supports the earlier AATSR-AIRS com-
parison which gives a smaller bias and standard deviation
using the2616 cm~—! channel, suggesting it to be more
accurate for calculating SST.

5. CONCLUSIONS

Comparisons of the AATSR Meteo product against var-
ious SST datasets has confirmed that the AATSR instru-
ment and SST retrieval are all performing well. Compar-
isons against buoy SSTs and HadISST climatology have
confirmed that the AATSR skin and bulk SSTs are of
high quality. The AATSR SST will become part of the
next HadISST version and will also be used as the refer-
ence SST. The requirement for each AATSR SST mea-
surement to be precise @03 K has been achieved, with
the standard deviation of the mean difference between co-
located bias corrected night-time AATSR bulk and skin
SSTs with buoy SSTs to be25 K and0.28 K respec-
tively.

The three-point comparison involving AATSR, AIRS
and buoys suggests that AIRS gives a cooler SST than
AATSR by abou®).5 K. This method also gives an error
for each data source. Using the AIR616 cm~—! chan-

nel, AATSR SST has the smallest err@n4 K, followed

by buoys with an error 0§.22 K and AIRSSST5616 has

the largest errof).41 K. These results are very similar to
the three-point comparison using AATSR, AMSR-E and
buoys carried out by O'Carroll et al. [10].
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