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m"w g"W O" q_l t'| leg_
The largest source of unc_m_/ in the re_l of _ ,¢._"" - - , - ...... ._ w,

(s_-surface _mlx_tu_) from sl_c_ornc infnu_ _._ s

of the in_rvenmg atmosphere. During a research cruise of

the R/V A///aac, measurementsof sea-surfacet_nperature. _', ""/T'-._._C"/__ . ' :["'|sur_ce meteorological variable, and surface infrared
radianc_ were taken. SST fields were generated from the / _ • .;,":- I

ATSR data using ple-launch algorithms derived by the ,/ _,_ ,.'.

communication), and the initial comparison betweenATSR
measurements and SST taken along the ship's track indicate , . ..
thatthe dual-_gleatmosphericcorrect_nisaccuratem ,.'. .. ,,

• ,sj ,

Kcy_'orda: Infrared radiometry,ATSR, atmospheric N',
correction, sea-surface temperature, shipboard
me,t_ uremc.nta.
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1. INTRODUCTION Longit_

During October and November, 1991, the NATO Research Figure 1. Track of the R/V Allian_, 1 October to 9
Vessel Alliance sailed from Amsterdam into the western November, 1991.

Mediterranean Sea and during this time measurements were
made for the validation of ATSR data. This reports the

comparison between ATSR measurements and sea- taken by a set of instruments mounl_ on the ship sad
suffice temperature_ (SSTs) taken along the ship's track by logged by computers.
an ia ¢/tu thermometer at a dqxh of about 3m.

The surface temperatures used here are from a Sea-Bird
CTD (Conductivily-Tcrnpensture-l_sensor)whichwu

2.ITINERARY mountedthroughthehullso tt_ itextendedbeyondthe

ship'sboundaryhycr, at a _ of about 3m. It is
The ship sailed from Amsterdam on October I arriving at acknowledged that these data are not kk=l for the validation
La Spezia on October 9. Apart from when the ship was in of ATSR u they may be decoupled from the true surface
port from the 9 to 15 October, 18 October, and 21 to 24 temperature by the skin effect and possibk diurnal
October, measurements were made continuously until thermoclinea, but at the time of writing they pruvi_ the
November 9. temperaturesin which I have mostconfidence. One minute

averages of l-_ond ,ample_ an_used. At present, the data
The track of the ship for this period is shown in Fig, 1. from the ship radiometer (R.A.L./$.I.L. type) are not ready

for use, although ;, is anticipated that these will form the
basis of a validation of ATSR using skin temperatures.

3. SHIP-BOARD _qSTRUMENTATION

Atmosphericpro_cs of temperatureand humidi_ywere

Measurement., of sea-surfacetemperature, surface made usingradiosonde._, hunched, when possibk, m their
_rological variabl¢_ and surface infrared radianceswen: ascentscoincided with satellite overpasses when the _y w_

reasonably clear of cloud.



Latitude, longitude, ship's speed, heading (gyrocompus placed oa _¢h ,k:k: of the sub-satellite track.
reading) and course made good derived by the ship's coefl'icicnts were used to generate values that change
navigation computer were archived at int ,. ds of sbou¢on,¢ smoothly across the ¢wsth by a _t-Klu_r_ fourllvordcr
minute, polynomial fit. The resu|ting SST traces along the Ibip's

track are shownm Figures 4 and 5.

4.ATSR ON ERS-I Cloud freesat.u,aboutJ0xS0 km square,weresclecSodin
each s_me and thedLffcrenc_Ix_weenthe nadirewath

The ATSR/M isascanningfour-channelinfraredradiometer multictumr_spLit-windowalgorithmand the d_

incorporating a two channel nadir-pointing microwave multicMtan¢l algorithm were calculated (Table 1). These are
radiometer and is the first satellite instrument to have been a function of the state of the atmosphere, and have mean

designed for the accurate measurement of sea-surfitcc values in exce_s of 0.5K. Drawing on the result of the
temperature. CRefs. 1, 2). It uses the same infrared ctumneiJ comparison with the/.,I situ measurements (see below), it is
as the AVHRR (Advanced Very High Resolution likely that the dtml-angle multicMmnel algorithm preduc_ t
Radiometer on the NOAA series of polar-orbiting sateUit_), more accurate result.
but hat a novel approach to the correction of the effects of
the intervening atmosphere, in that the same 500 km swath
of the ocean surface is measured twice through different Table 1. Discrepancies in SSTs between the nadir-only and

atmospheric path lengths (Ref. 3). This information, coupled dual-angle split-window retrieval in cloud-free
with the multichannel measurements, permits an improved areas.

atmospheric correction. In addition, rigorous pre-launch
calibration0Refs.4, 5),and improvedinternalblack-body Boundaryofbox ASST

calibration targets (Ref. 6) enable a more accurate in-flight pixels lines mean :t: 1 s.d.
measurement, and detector, refrigerated to liquid nitrogen
temperatures improve the signal to noise level. October 2.

30:89 150:209 0.670 4- 0.258
5. ATSR DATA

October 6.

Six scenes of level 1.5 (brightness temperature) data were 10:59 230:279 -0,439 4- 0.441

provided by RAL from the period of this cruise. Of these, 110:159 110:159 -0.376 4- 0.213
only two contain the position ofthe ship, at the time of the 260:309 150:199 -0.426 4- 0.215
satellite overpass, under clear skies. One of these is a _5:284 245:294 -0.545 :t: 0.276
daytime overpass (October 2), and the other is at night-time 370:419 180:229 -0.404 :!: 0.230
(October 6). Note that the time taken for the ship to 450:499 420:469 -0.004 4-0.325
complete the track across the image is nearly one day and
comparisons must be reatrict_ to that part of the ship's
trackclosetotheship'spositionatthetimeofthesatellite

overpass(Ref.7). 6.DISCUSSION

5.1. |maee navigation As a consequence of cloud cover, and alto of the relatively
The geographic bcafion of individual pixeLs was calculated narrow swath of tim ATSR, the number of usable
by bi-linear interpohtion between the 25kin grid provided in coincidences of satellite and ship data is distressingly mudl.
theimage fdes.The accuracyof the grid was confirmed by

overlaying coastal outlines; corrections were made where 6.1 General performance
necessary. The brightness temperature images are tpi_rmltly floe of

instrumental noise. The temperature features observable in
5.2 Atmospheriecon'ection the ocean appear realistic and uncontaminated by
The pixelsalong the posidonof the ship'strackwere instrumentaleffects.

sampled to extract the ATSR measured brightness
temperatures in the nadir and forward views at 10.$ Fm and 6.2 B_rightness tcmperatureg
12 _m. Plots of these, ts a function of longitude are shown The trace, of brightness temperatures along the ship's track
together with the -3m SST in Figures 2 and 3. SSTs were appear to be entirely credible. The decreasing brightness
calculated fi'om the.se brightness temperatures using temperlrur_ with increasing wavelength and increasing
coefficients calculated by A/bin Zavody (ATSR Project, atmospheric path length are asexpected. The relative effects
Rutherford Appleton Laboratory, U.K.), for both the nadir of the spectral brightness temperature gradient and the
swath multichannei split-window algorithm and the dual- atmospheric path length gradient are different in the two
angle multichannel algorithm. The coefficients as supplied cases reported here, due to the diffenmt atmospher_
were applicableto 50-kinwide subswathssymmetrically condkioraon thetwo days.On Oct,Ntmr2,thebrightness
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bulkV._atx_ur_ Inc_ is _o shown. TI_ data marcfor t_
_ 6 c_ue.
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tcmp,cratur¢ differcr_"¢ between the 10.8_m and the 12#m

1ArsiI _ itlQIt I _f AIIItB¢¢ I,.rmek. I 0,¢4., Jill, 10:41I_nadir measurementsis comparableto that betwcen the nadis m., • . ":_ + • _-_ '"'-w "_-' ' _ • •
and forward measurementsat lO.8/_m (Figure 2). Towu'da
thewesttheatmosphericcondidonschangeand the10.11#m

measurement become=colderthanthat_ 12/_mat.nadir.
Towards the e._t, the radiosonde launched from the i_p

show= that the atmospherewu anomalously dry at mid am.= _ t _ _'"_" _ |levch, between 1 _ 2 km height. On October 6 (F_ t l v [ I m t,_.

13), the brightneu temperature difference between tim
10.8,urn and the 12#m nadir measuremena is only about half

of thatbetweenthemd_r and forward mcasuremc.nu It _ m _ s=
lO.8/=m.The aLrnosphcrewas anomalouslydry athi4_cr mJ ..... - -

level=, between 3 and4 Ionheight. _.

6.3 SST comparison
Comparison of sl_ SST and ATSR derived SST is

encouraging. In the October 2 case, the =pl_t-window am.= _ _L_--_-=n
re2_val overcompensates the effect of the atmosphere and m ,-._.,,,,as,
produces an SST re_iev=l that is warmer than the -3m bulk
me,uurement (Figure 4). Given that the skin temperature is
expected to be lower than the bulk temperature by a fc'w

tenthsofmdegree,thedual-angleSST retrievallookstob¢ m+m_t__,_,• • am. , , •*' ' " 01.... ,=. . . _L

very accurateindeed.The discrepancybetweenthe two Averaginginterval, n. (T(i-n)...T(i+n)}
ATSR SST retrievalsdiminishestowardsthe westas the

atmospheric conditionschange. Note that the ship F'_gure6. Effecton SST estimate=ofaveraging•longthe
meazuremcnt_can not be used to validatethe satellite trackoftheshipfortheOctober2 case.The errorban am

retrievalherebecauseoftheexcessivetimeintervalbetween the+one gandarddeviationintheaveraginginterval.

the •hipand satellitemeasurement=.The comparisonon

October6 doesno(show •clearadvantageofthedual-angle

retrieval (Figure 5). of the derived SSTs _ consistendy higher for the dual-angle
retrieval compared to the split-window retrieval, by about a

The differencesbetween thenadir-onlyand dual-angleSST factor oftwo.
retrievah can be significant (Table 1); it is presumed, but
not demoagrated here, that the dual-angle retrieval is more 6.6 Effects of. clouds
accurate. The effectsofcloudsare more pronounced in the dualangle

retrievah. This is an inevitable consequence of the parallax
6.4 NoLse _cvelsin the SST fields in the forward view measurements.

The nadir-onlysplit-windowSST images(not shown)are
ver7cleanand noise-free.The dual-anglesplit-windowSST

retrievahare =ign/ficantlynoisierthanthosederivedfrom 7.CONCLUSIONS
the mdiz scans alone. This results from •t least

effect=:the SST i=derivedby the combinationof four The ATSR is performingwell,and the atmospheric

channels of information instead of two, and each channel correction coefficients derived by A_in Zavody _ to
contn'butes some noise to the retrieval; the coefficients in function very weft, although the =ample presented here is
the dual-angle mtricv•! are hrger than in the nadir-only too smaU to draw firm conclusions.
retrievaland the_ magnify the noiselevels;and the
mismatch hsthepLxelsizesintheforwardandnadirswaths. The inclusionoftheinformationofthedual view inthe

The last effect may be the most important, and is most atmospheric correction can result in changes in the estimate
readilycorrected, aJ insteadofmappingtheforwardview oftheSST byover0.SK.WhBe itispt,..sumcdthattheduab

pixeh into the nadir swath, which requixcs over,sampling of view retrieval is more accurate, that cannot be demo_
the forward-view information, the nadir swath pixels could with •hi, small data s_, More comparison= mug be made to
be mapped into the for_,zrd view image. Although this confu-mtheben¢fitsofthedual-angleatmosphericcorrectioa
would lead to a _ of resolution it may reduce the noise technique.
lcve,I.

The varianceof the SST in a given area is greater when tim
6.5 Eff_ts of spatial •vera_ng $ST field has beea derived using a dual-angle atmosphe_
Averaging the $$T uace_ may produce • more gable correction, than that when using the nadir-only atmo=pherk
estimate of the $s'r ('Figxae 6), but the standard deviation correction.



t
t

8. ACKNOWLEDGEMENTS

The support during the cruise of the ship's officers and crew
and technical staff from the SACLANT Undersea Resesrch

Centre hi appreciatively acknowledged. The ATSR data
(°1991 by ESA and SERe) were provided by the ATSR
Project Team at RAL. Support from the National Oceanic
and Atmospheric Administration, Grant NA26GP0266-OI,
is acknowledged. This document was prepared under the

auspices of the United StatesDepartment of Energy under
Contract No. DE-AC02-76CH00016.

- 9. REFERENCES

l Edwards Tct al 1990, The Along Track Scanning
Radiometer - Measurement of sea-surface temperature from
ERS-I. Journal of the British Interplanetary Society, 43,
160-180.

2 Minnett P J 1993, The along-track scanning radiometer.
In 'Oceanographic Application of Remote Sensing', edited
by M. lkeda and F. Dobson, C.R.C. Press. in the Press.

3 PrataA J F ctal 1990,The Along-TrackScanning

RadiometerforERS-I -scangeometryanddatasimulation.
IEEE Trans. Geoscience and Rein. Se_., 28,3-13.

4 Armitage Set tl 1990, Test and calibration of the Along
Track Scanning Radiometer (ATSR). Proceedings of the

International $_,mposium on Environmer.tal Testing for Space
Progrwnmes - Test, Facilities and Methods. ESA SP-304,
559-564.

$ Mason G 1991,Test and calibrationofthe Along Track

ScanningRadiometer,a satelliteborneinfraredradiometer

designedto measurc sea-surfacetemperature.D. Phil.

Thesis,Dept. of Atmospheric,Oceanicand Planetary
Physics,UniversityofOxford,U.K.

6 Mason IMet tl1993,BlackBody cah'brationsourcesof

high accuracy for a spsecborne infrared radiometer. In
preparation.

7 Minnett P J 1991, Consequences of sea surface
temperature variability on the validation and applications of
satellite measurements. J. Geophys. Res. , 96,
18,475-18,489.






