Sea-surface temp eratures

from A TSR

August 1991 – July 1995

Jo Murra y

∗

Space Science Departmen t

Rutherford Appleton Lab oratory

Septem b er 1995

∗

T elephone (01235) 446705; F ax (01235) 445848; e-mail jo.m urra y@rl.ac.uk.

1

b o oklet 1 (1, 0)

Con ten ts

1 In tro duction 4

1.1 A TSR data pro ducts . . . . . . . . . . . . . . . . . . 6

1.2 CD-R OM la y out . . . . . . . . . . . . . . . . . . . . 7

2 The spatially-Av eraged Sea-Surface T emp erature

(ASST) pro duct 9

2.1 ASST deriv ation . . . . . . . . . . . . . . . . . . . . 9

2.2 Arrangemen t of ASST data on CD-R OMs . . . . . . 11

2.3 ASST pro duct format . . . . . . . . . . . . . . . . . 12

2.4 Qualit y con trol of ASST data . . . . . . . . . . . . . 20

2.5 Remo v al of duplicates from ASST arc hiv e . . . . . . 25

3 Time-a v eraged global maps 27

3.1 Mon thly-a v eraged maps . . . . . . . . . . . . . . . . 28

3.2 Fiv e-da y a v eraged maps . . . . . . . . . . . . . . . . 29

4 Soft w are 31

5 Do cumen tation 33

b o oklet 2 (2, 0)

A The A TSR Instrumen t 34

B SADIST – the A TSR data pro cessing sc heme 35

C Global co v erage and the ERS-1 orbit 38

List of Figures

1 Arrangemen t of data on CD-R OM set . . . . . . . . 8

2 A TSR comparison with climatology in 1993 . . . . . 24

3 Global co v erage during 3-da y and 35-da y rep eat cycles 39

List of T ables

1 ASST pro duct record format . . . . . . . . . . 14

2 ASST pro duct confidence w ord . . . . . . . . . 18

3 ASST pro duct exceptional v alues . . . . . . . . 19

4 ERS-1 Rep eat Cycles . . . . . . . . . . . . . . . 40

b o oklet 3 (3, 0)

1 In tro duction

The first Along-T rac k Scanning Radiometer (A TSR-1) is a four-

c hannel, dual-view, self-calibrating, infrared radiometer with spa-

tially coregistered sp ectral c hannels cen tred at 1.6 μ m, 3.7 μ m,

10.8 μ m and 12.0 μ m. The instrumen t’s inno v ativ e design has en-

abled the remote sensing of Sea-Surface T emp erature (SST) to un-

preceden ted lev els of accuracy (b etter than 0 . 3K). The instrumen t

w as launc hed on b oard ESA’s first remote-sensing satellite, ERS-1,

on 21st July 1991, and has p erformed w ell since that time with the

only serious setbac k b eing the failure of the 3.7 μ m c hannel in Ma y

1992.

The instrumen t design is describ ed in Edw ards et al. (1990) and

the results from the v alidation programme are rep orted in Mutlo w

et al. (1995) and Barton et al. (1995). A short description of the

no v el asp ects of A TSR is giv en in App endix A.

Suffice to sa y here that the on-b oard calibration and the use of

the along-trac k scanning tec hnique enable the accurate retriev al

of o cean skin temp erature.

1

Unlik e the A VHRR SST retriev al al-

1

Infrared radiometers measure the radian t temp erature of a w ater la y er less

than 0.1 mm thic k; this is t ypically 0.5K co oler than the bulk temp erature

measured at 1 m depth.

b o oklet 4 (4, 0) gorithms whic h are empirically adjusted using in situ bulk mea-

suremen ts (McClain et al. , 1985) the A TSR sc heme results in the

determination of v ery accurate SSTs without recourse to ground-

based observ ations. Therefore the data presen ted here represen t

an indep enden t set of measuremen ts of global SST.

The second instrumen t in the A TSR series, A TSR-2, w as launc hed

on b oard ESA’s second remote-sensing satellite, ERS-2, on 21st

April 1995. ERS-2 is curren tly (Septem b er 1995) in a similar orbit

but trailing one da y b ehind ERS-1. A TSR-1 has already op erated

b ey ond its three-y ear design lifetime but is lik ely to remain in op-

eration at least un til the end of 1995. This will enable comparison

of data from the t w o A TSRs, and data from b oth instrumen ts will

b e made a v ailable on a future CD-R OM set.

F our y ears of data, August 1991 – July 1995 inclusiv e, are sup-

plied on this CD-R OM set. Up dates to the data, do cumen tation

and soft w are presen ted here will b e made a v ailable on the anon y-

mous ftp accoun t sstaxp.ag.rl.ac.uk (username anonymous , and

please supply y our e-mail address as the passw ord). The atsr1 di-

rectory on this accoun t has a sub directory structure whic h reflects

the CD-R OM la y out as describ ed in Section 1.2.

b o oklet 5 (5, 0)

1.1 A TSR data pro ducts

A v ariet y of pro ducts are deriv ed from A TSR data, but this CD-

R OM set comprises only t w o t yp es of data.

• The spatially-Av eraged Sea-Surface T emp erature (ASST)

pro duct. These data comprise half-degree, spatially-a v eraged

SSTs with asso ciated temp oral, p ositional and confidence in-

formation as describ ed in Section 2.

• Time-a v eraged global maps.

1. A mon thly a v erage at half-degree spatial resolution as

describ ed in Section 3.1.

2. A fiv e-da y a v erage at one-degree spatial resolution as

describ ed in Section 3.2.

Other data pro ducts from A TSR include: high-resolution ( i.e.

1km × 1km) ‘brigh tness temp erature’ pro ducts for eac h thermal

c hannel; high-resolution SSTs, and pro ducts con taining results

from cloud iden tification tests p erformed during pro cessing. A

complete description of these and other A TSR data pro ducts is

giv en in Bailey (1993).

b o oklet 6 (6, 0)

1.2 CD-R OM la y out

This CD-R OM set is written to the ISO 9660 standard with no

record format sp ecified for the files. Eac h end of line in the text

files is mark ed b y a line-feed c haracter. On VMS systems where

the default action is to use carriage-return to indicate ends of lines,

the line structure of text files will lo ok strange and the text will

con tain em b edded con trol c haracters. Ho w ev er the files will remain

readable. Advice for dealing with this and other complications on

VMS systems is giv en in the file vms.txt in the [ do cs ] directory .

The structure of the CD-R OM set is summarised in Figure 1. In

addition to those con taining data, there are directories for soft w are

and do cumen tation.

Soft w are: – the [ soft w are ] directory con tains programs to assist

in reading the supplied datasets as describ ed in Section 4. All

data are stored as 2-b yte or 4-b yte in tegers in fixed-length

records for maxim um p ortabilit y and ease of use. Details of

the actual formats are giv en in Sections 2 and 3 for the ASST

data and time-a v eraged global maps resp ectiv ely .

Do cumen tation: – as describ ed in Section 5, the [ do cs ] direc-

tory con tains the L a

T

E

X source for this b o oklet and v arious

other useful text files.

b o oklet 7 (7, 0)

Figure 1: Arrangemen t of data on CD-R OM set

DISK 1

                                                         asst

                                                         docs

software

ASST data for 1991–1993

do cumen tation

soft w are

DISK 2

                              asst

months

          supers

ASST data for 1994–1995

Mon thly Maps

Fiv e-da y maps

b o oklet 8 (8, 0)

2 The spatially-Av eraged Sea-Surface

T emp erature (ASST) pro duct

The ASST pro duct con tains half-degree, spatially-a v eraged SSTs

with asso ciated temp oral, p ositional and confidence information.

These data are generated using SADIST (Syn thesis of A TSR Data

In to Sea-surface T emp eratures), the Rutherford Appleton Lab ora-

tory’s A TSR data-pro cessing sc heme (Z´ av o dy et al. , 1994, 1995).

This soft w are is under con tin uous dev elopmen t and the data de-

scrib ed herein w ere pro duced b y SADIST, V ersion 500, hereafter

SADIST v500 (Bailey , 1993). See App endix B for a discussion of

planned c hanges to SADIST and the ASST pro duct.

2.1 ASST deriv ation

As describ ed in App endix B, SST retriev al in v olv es a linear com bi-

nation of single-c hannel brigh tness temp eratures from b oth forw ard

and nadir views. Deriv ation of half-degree ASSTs is accomplished

in t w o steps:

1. Single-pixel (1km × 1km) brigh tness temp eratures are a v er-

aged in to ten-arcmin ute brigh tness temp eratures. SSTs are

b o oklet 9 (9, 0) then deriv ed from these brigh tness temp eratures via the usual

retriev al algorithm.

2. These ten-arcmin ute SSTs are then a v eraged to obtain a half-

degree SST. Nine ten-arcmin ute cells are con tained in eac h

half-degree (thirt y-arcmin ute) cell.

A prop ortion of the ten-arcmin ute, nadir-view brigh tness temp er-

atures is without asso ciated forw ard-view v alues. This is usually

a result of cloud co v erage affecting only the forw ard scene, but

ma y o ccur b ecause for sections of most orbits, the forw ard and

nadir scenes are stored on differen t ra w data tap es. Including suc h

nadir-only data compromises the SST accuracy , whereas omitting

these data results in reduced co v erage.

Rather than attempt a single solution to this problem, three differ-

en t SSTs are pro vided for eac h half-degree cell as describ ed b elo w.

Nadir-view SSTs: SSTs deriv ed using the nadir-view data only .

Dual-view SSTs: SSTs deriv ed using b oth nadir- and forw ard-

view data.

Mixed SSTs: SSTs deriv ed using a dual-view retriev al if p ossible,

and nadir-only retriev al otherwise. This will coincide with the

b o oklet 10 (10, 0) nadir-view SST when no forw ard data are a v ailable for a half-

degree cell, and with the dual-view SST in the case where all

the con tributing ten-arcmin ute cells ha v e asso ciated forw ard

data.

The c hoice of SST t yp e to use will v ary with application. Dual-view

SSTs represen t the most accurate retriev al, and are least lik ely to

b e affected b y cloud con tamination. Ho w ev er exclusiv e use of these

data will restrict co v erage. F or example in 1992, a dual-view SST

w as presen t for only 85% of those half-degree cells for whic h an

SST had b een ev aluated.

2.2 Arrangemen t of ASST data on CD-R OMs

The ASST data are stored in the directory [ asst ] on the CD-R OM

set. Disk 1 con tains data from 1st August 1991 to 31st Decem b er

1993 inclusiv e. Data for the p erio d 1st Jan uary 1994 to 31st July

1995 are con tained in the [ asst ] directory on Disk 2.

Eac h da y’s data is in a separate file; the filenames ha v e the form:

day y mm dd .dat

where y is the (y ear − 1990), mm is the mon th of the y ear, and dd

is the da y of the mon th. Th us day20304.dat con tains data for

4th Marc h 1992.

b o oklet 11 (11, 0)

Eac h file con tains a n um b er of 32-b yte records, eac h of whic h is

asso ciated with a single half-degree cell. The n um b er of records

p er da y is highly v ariable, and lies in the range 0 − 31624. Da ys on

whic h no reliable data w ere obtained (usually due to instrumen t

op erations) are asso ciated with files of zero length. The v ariation

in daily data v olume during normal op eration reflects differences in

the prop ortion of a da y’s co v erage that w as o v er cloud-free w ater.

2.3 ASST pro duct format

The con ten ts of the 32-b yte record pro duct are sho wn in T able 1

and describ ed in full b elo w. Eac h record con tains SSTs and asso-

ciated information for a single half-degree cell. The information is

stored as t w o- or four-b yte in tegers, but as an example, a textual

represen tation of the first fiv e records for 1st Jan uary 1992 is sho wn

b elo w:

15340 202 59 333 4 27130 -1 27143 -1 27136 -1 11 9351

15340 203 59 334 4 27123 4 27153 6 27153 6 29 43655

15340 221 60 337 2 27118 13 27165 6 27154 21 48 26759

15340 236 62 340 0 27141 7 27158 -1 27149 8 23 9863

15340 237 62 334 3 27127 -1 27161 -1 27161 -1 34 8839

The first t w o n um b ers giv e the time (in da ys and seconds as de-

b o oklet 12 (12, 0) scrib ed b elo w), the third and fourth giv e the p osition of the half-

degree cell (again, see b elo w), and the fifth n um b er is asso ciated

with the p osition of the cell within the A TSR sw ath.

The sixth, eigh th and ten th v alues are ASST v alues in cen tiKelvin,

and the sev en th, nin th and elev en th represen t the asso ciated ro ot-

mean-square (rms) deviations of the con tributing ten-arcmin ute

SSTs in eac h case.

The last t w o v alues represen t the mean view-difference and the

confidence w ord as describ ed b elo w. An y parameter that cannot

b e ev aluated is represen ted as − 1 (see T able 3). A description

of eac h parameter is giv en b elo w, and the format summarised in

T able 1.

Time of data (da ys). This is giv en as the n um b er of da ys since

1st Jan uary , 1950 (Mo dified Julian Da y) and do es not include

the curren t, incomplete da y . Dates in the ( y mm dd ) format

(as describ ed in Section 2.2) are giv en for the relev an t da y

n um b ers in the text file daydates.dat in the [ do cs ] directory

on Disk 1 (see Section 5).

Time of data (seconds). The in teger v alue con taining the time

in seconds within the curren t da y . Note that the time used

within eac h record is the time of the first A TSR nadir-view

b o oklet 13 (13, 0)

T able 1: ASST pro duct record format

Byte

P arameter description T yp e Unit

range

0 – 3

Time of data (da ys since Jan 1st 1950) In teger Da ys

4 – 7

Time of data (secs within curren t da y) In teger Secs

8 – 9

Latitude cell n um b er In teger Cell

10 – 11

Longitude cell n um b er In teger Cell

12 – 13

Mean across-trac k band n um b er In teger None

14 – 15

Nadir-only ASST In teger K/100

16 – 17

RMS deviation of ten-arcmin SSTs In teger K/100

con tributing to nadir-only ASST

18 – 19

Dual-only ASST In teger K/100

20 – 21

RMS deviation of ten-arcmin SSTs In teger K/100

con tributing to dual-only ASST

22 – 23

Mixed nadir/dual ASST In teger K/100

24 – 25

RMS deviation of ten-arcmin SSTs In teger K/100

con tributing to mixed nadir/dual ASST

26 – 27

Mean view-difference of nadir/dual In teger K/100

ten-arcmin ute SST

28 – 31

Confidence w ord asso ciated with ASST None None

deriv ation

b o oklet 14 (14, 0) scan to con tribute to the ASST deriv ation. The v ariable na-

ture of cloud-co v er mak es it imp ossible to predict the p osi-

tion of this scan relativ e to the cen tre of the half-degree cell.

Under an y circumstances, this time cannot b e more than ap-

pro ximately six seconds from the time at whic h the cen tre of

the cell is scanned b y the nadir view.

Latitude. The latitude is pro vided as a cell n um b er. The edges of

half-degree cells are sections of parallels and meridians. The

latitude cells are n um b ered from the South P ole to the North

P ole, in the range 0 to 359. Latitude cell n um b er 0 extends

from 90 o

S to 89.5 o

S; latitude cell n um b er 359 extends from

89.5 o

N to 90 o

N. The latitude of the cell cen tre ma y b e deriv ed

b y:

latitude = (( lat cell n um − 180 . 0) / 2 . 0) + 0 . 25.

The latitudes whic h are implied b y the pro duct cell n um b ers

are geo cen tric. Geo detic latitudes ma y b e deriv ed using:

geo detic = tan

− 1

(1 . 0067451 × tan ( geo cen tric ))

Longitude. The longitude is pro vided as a cell n um b er. The edges

of half-degree cells are sections of parallels and meridians.

The longitude cells are n um b ered from 180 o

W to 180 o

E, in

b o oklet 15 (15, 0) the range 0 to 719. Longitude cell n um b er 0 extends from

180 o

W to 179.5 o

W; longitude cell n um b er 719 extends from

179.5 o

E to 180 o

E. The longitude of the cell cen tre ma y b e

deriv ed b y:

l ong itude = (( l on cel l num − 360 . 0) / 2 . 0) + 0 . 25.

Mean across-trac k band n um b er. The fiv e across-trac k bands

are n um b ered 0 to 4 from left to righ t, and are cen tred on

the ground-trac k. Eac h band is 50 km wide, except the fifth,

whic h is 62 km wide, and extends to the edge of the sw ath.

Nadir-only SST and rms deviation. These are the mean and

the rms deviation of ten-arcmin ute cell SSTs deriv ed using

only nadir-view data. Note that the rms deviation is set to

− 1 if few er than three ten-arcmin ute cells con tributed.

Dual-only SST and rms deviation. These are the mean and

the rms deviation of ten-arcmin ute cell SSTs deriv ed using

nadir- and forw ard-view data. Note that the SST is set to − 1

if dual-view retriev al w as not p ossible for an y ten-arcmin ute

cell, and that the rms deviation is set to − 1 if few er than

three ten-arcmin ute cells con tributed.

b o oklet 16 (16, 0)

Mixed SST and rms deviation. These are the mean and the

rms deviation of ten-arcmin ute cell SSTs deriv ed using the

b est a v ailable com bination of nadir- and forw ard-view data.

Note that the rms deviation is set to − 1 if few er than three

ten-arcmin ute cells con tributed. If no ten-arcmin ute cells

w ere used b y the dual-view retriev al, these v alues will b e

iden tical to the nadir-only SST and rms deviation.

Mean view-difference. This is the mean difference b et w een the

ten-arcmin ute cell SSTs deriv ed using dual-view and nadir-

only retriev al algorithms. This v alue is set to − 1 if no dual-

view retriev al w as p ossible.

Confidence w ord. T able 2 describ es the con ten ts of the ASST

pro duct confidence w ord. Bits 0 to 8 are set if, within all

of the con tributing ten-arcmin ute cells, at least 90% of the

con tributing pixels ha v e the c haracteristic defined in T able 2.

Bits 9 to 12 con tain the n um b er of ten-arcmin ute cell SSTs

con tributing to the nadir-only half-degree SST, and (the n um-

b er is necessarily the same) to the mixed nadir-only/dual-

view half-degree SST. Bits 13 to 16 con tain the n um b er of

ten-arcmin ute cell SSTs con tributing to the dual-only half-

degree SST. This n um b er ma y b e zero.

b o oklet 17 (17, 0)

T able 2: ASST pro duct confidence w ord

Bits

Meaning if set

0 12.0 μ m c hannel presen t in source data

1 11.0 μ m c hannel presen t in source data

2 3.7 μ m c hannel presen t in source data

3 1.6 μ m c hannel presen t in source data

4 Cloud-iden tification used 1.6 μ m histogram

reflection cloud test

5 1.6 μ m histogram reflectance cloud test

used a dynamic threshold

6 Sunglin t detected b y 1.6 μ m

reflectance reflectance cloud test

7 3.7 μ m c hannel used in SST retriev al

8 SST deriv ation used da y-time data

(nigh t-time if zero)

9 – 12

Num b er of ten-arcmin ute cell SSTs

deriv ed using nadir-only retriev al (1 – 9)

13 – 16

Num b er of ten-arcmin ute cell SSTs

deriv ed using dual-only retriev al (0 – 9)

17 – 31

Un used

b o oklet 18 (18, 0)

T able 3: ASST pro duct exceptional v alues

P arameter

V alue Reason

Dual-only SST

− 1 No ten-arcmin ute cells used a

dual-view SST retriev al

RMS deviations

− 1 F ew er than 3 ten-arcmin ute

cells con tributed to the

half-degree ASST

Mean view-difference

− 1 No ten-arcmin ute cells used a

dual-view SST retriev al

Exceptional v alues within the ASST pro duct are describ ed in T a-

ble 3.

b o oklet 19 (19, 0)

2.4 Qualit y con trol of ASST data

The qualit y of SSTs from A TSR data can b e compromised b y a

n um b er of causes. These can b e classified broadly in to t w o groups

as follo ws:

1. A TSR or ERS-1 instrumen t op erations.

2. Inadequate cloud-clearing or atmospheric correction.

Clearly data whic h are unreliable as a result of the first cause should

not b e included in this arc hiv e, and the qualit y-con trol pro cedure

describ ed b elo w is addressed to remo ving these data.

Ho w ev er some data affected b y cloud-con tamination or high aerosol

lev els remain in the arc hiv e. Remo v al of these data w ould b e inap-

propriate as the selection pro cess w ould require arbitrary c hoices

and w ould exclude the use of the arc hiv e for man y purp oses, suc h

as studying the effect of aerosols or the effectiv eness of the A TSR

cloud-clearing sc heme

2

. See App endix B for more information on

the A TSR cloud-iden tification sc heme.

Data arising from p erio ds when A TSR-1 w as not in nominal op er-

ation ha v e b een iden tified in t w o w a ys:

2

Jones et al. (1995) ha v e recen tly suggested a useful sc heme for iden tifying

cloud-con taminated ASST data.

b o oklet 20 (20, 0)

Insp ection of the A TSR op erations log: – v arious instrumen t

op erations affect data qualit y . F or example, p erio dically the instru-

men t co oler is turned off to allo w residues whic h ha v e accum ulated

on the detectors to b oil off. During this ‘outgassing’ pro cedure,

the thermal detectors lose their sensitivit y and the asso ciated data

are of little v alue. Orbit mano euvres also affect data qualit y with

the forw ard-view data b eing particularly affected. The A TSR op-

erations log is stored in atsrops.txt in the [ do cs ] directory . Note

that not all suspicious data ha v e b een discarded. F or example data

from the commissioning phase (from launc h un til 14th Septem b er

1991) are regarded as non-nominal, but most of these data remain

in the arc hiv e.

Insp ection of the deviation from climatology: – less serious

instrumen t op erations can also affect the data, and these cannot

alw a ys b e iden tified from the instrumen t log

3

. Therefore it is neces-

sary to compare data with climatological v alues in order to iden tify

suc h compromised observ ations.

GOST A mon thly one-degree climatology w as used (see Bottomley

et al. , 1990) with unfilled lo cations b eing assigned a v alue b y taking

3

In v ersions of the pro cessing soft w are previous to SADIST v500, an o cca-

sional orbit w as mis-geolo cated due to an incorrect time b eing asso ciated with

the data; this problem has b een corrected in the SADIST v500 soft w are.

b o oklet 21 (21, 0) the first of these to pro vide a v alue:

1. the a v erage of 8 adjacen t p oin ts;

2. the a v erage of 16 next-most adjacen t p oin ts;

3. the zonal mean for that latitude;

4. 271.5K (only Arctic and An tarctic regions ha v e no zonal

mean).

Linear in terp olation w as used to generate a half-degree grid for

comparison with the ASST data.

Data ha v e b een discarded from p erio ds where:

• more than 10% of the da y-time ASSTs fell outside climato-

logical v alues.

• more than 40% of the nigh t-time ASSTs fell outside climato-

logical v alues.

These thresholds w ere c hosen after insp ection of the p ercen tage

of data p er 100-min ute orbit whic h w as more than 6K from cli-

matological v alues. The higher threshold selected for nigh t-time

observ ations arises as these are more lik ely to b e depressed as a

b o oklet 22 (22, 0) result of incomplete cloud-clearing (in the absence of the 1.6 μ m

data at nigh t).

The iden tification of a ‘bad’ orbit did not necessarily result in the

discarding of 100-min utes w orth of data. Rather, for eac h suc h

orbit, the deviation of individual ASSTs from climatology w as ex-

amined to establish when normal op eration ceased and resumed.

All data from p erio ds whic h failed the aforemen tioned qualit y cri-

teria ha v e b een remo v ed from the arc hiv e. All other data remain,

including individual ASSTs widely devian t from climatology .

In general this test discriminated w ell and less than 0.3% of ASST

data has b een discarded. Figure 2 sho ws the results from compar-

ing da y-time data with climatology for eac h mon th in 1993. The

p ercen tage of data in a 100-min ute p erio d (corresp onding to one

orbit) is sho wn as a function of time. Note there is little sign of bad

data un til late June, when a bad p erio d is clearly iden tifiable. This

corresp onds to an outgassing whic h w as sc heduled for 29th June to

1st July , and the affected data ha v e b een remo v ed. Ho w ev er the

data also exhibit a mark ed increase in deviation from climatology

throughout July; this is due to the effects of Saharan dust during

that mon th, and, of course, suc h data remain in the arc hiv e.

The time ranges whic h ha v e b een remo v ed from the supplied data

set are giv en in baddata.txt in the [ do cs ] directory .

b o oklet 23 (23, 0)

Figure 2: A TSR comparison with climatology in 1993

b o oklet 24 (24, 0)

2.5 Remo v al of duplicates from ASST arc hiv e

A duplicate is defined to o ccur when more than one da y-time ob-

serv ation or more than one nigh t-time observ ation is recorded for

a particular half-degree cell on a particular da y . Suc h duplicates

arise in sev eral w a ys as describ ed b elo w.

1. The same data ha v e reac hed the RAL ASST arc hiv e more

than once, for example, after ha ving b een receiv ed from dif-

feren t ground stations. In this case, the ASST records are

iden tical.

2. More than one observ ation actually o ccurred. This is p ossible

at high latitudes.

3. Data division – A TSR ra w data are do wnlink ed to a ground

station ab out once p er orbit, giving rise to a break in the data

stream as presen ted to the pro cessing soft w are. No attempt

is made to unite divided data for pro cessing. Therefore data

whic h are asso ciated with a single half-degree cell can b e

separated, and giv e rise to t w o distinct ASSTs, constructed

with complemen tary fractions of the complete data asso ciated

with the cell. Suc h duplicates tend to o ccur at c haracteristic

b o oklet 25 (25, 0) latitudes asso ciated with data do wnlink and usually sev eral

adjacen t cells at that latitude are affected.

4. Due to a minor bug in the pro cessing soft w are, o ccasionally

t w o records are generated for a single half-degree cell. In suc h

cases, more than 90% of the data is used for the first record

and less than 10% for the second.

In all these cases, the observ ation asso ciated with the earlier time is

retained and an y subsequen t record is remo v ed. Th us a maxim um

of one da y-time and one nigh t-time observ ation is stored for eac h

half-degree cell for an y da y . Clearly this is appropriate in the first

case ab o v e where the same data are represen ted more than once.

Ho w ev er in the second case (t w o distinct observ ations) b oth records

are equally v alid. In the third and fourth cases, the later data are

useful but do not ha v e equal w eigh t with the first observ ation.

The duplicates arising from the latter three causes are stored in

files in the [ asst ] directories. These are in the same format as the

ASST files, with all the duplicates for 1991–1993 in dups9193.dat

on Disk 1, and those for 1994–1995 in dups9495.dat on Disk 2,

that is, the same temp oral division used for the ASST data.

b o oklet 26 (26, 0)

3 Time-a v eraged global maps

Global maps with a v eraged SSTs are pro vided at t w o spatial and

temp oral resolutions as describ ed b elo w.

1. Mon thly maps at half-degree resolution.

2. Maps a v eraged o v er fiv e-da y p erio ds at one-degree resolution.

This is c hosen to matc h the ‘sup erobserv ation’ grid of the

U.K. Meteorological Office (UKMO), see Bottomley et al. ,

1990.

‘Mixed’ ASSTs as describ ed in Section 2.1 w ere used. Eac h a v er-

aged SST v alue is a simple un w eigh ted mean of the da y-time and

nigh t-time data asso ciated with the appropriate half-degree or one-

degree cell during the time p erio d. Ho w ev er only ASSTs whic h fell

within 6K of climatology (from Bottomley et al. , 1990) con tributed

to the a v eraged SSTs supplied in these files.

Note that A TSR-1 do es not ac hiev e complete global co v erage when

ERS-1 is in a three-da y rep eat cycle. The rep eat cycle history and

the asso ciated global co v erage are discussed in App endix C.

b o oklet 27 (27, 0)

3.1 Mon thly-a v eraged maps

Data a v eraged o v er calendar mon ths are stored on Disk 2 of the

CD-R OM set in the directory [ mon ths ].

The filenames ha v e the form:

month y mm .dat

where y is the (y ear − 1990) and mm is the mon th of the y ear. Th us

month203.dat con tains data for Marc h 1992.

Eac h file con tains a t w o-b yte-in teger arra y of dimensions 720 × 360.

Eac h arra y elemen t represen ts an a v eraged SST in cen tiKelvin for a

half-degree cell. The terrestrial p osition asso ciated with eac h SST

is implicit in its arra y p osition as describ ed b elo w. (The arra y is

stored as 360 1440-b yte records, with the 720 t w o-b yte v alues for a

particular latitude stored in eac h 1440-b yte record. Th us the first

record con tains v alues for the half-degree cells cen tred at 89.75 o

S

etc .)

Considering the arra y to b e n um b ered 0 ≤ i ≤ 719, 0 ≤ j ≤ 359,

the p osition of the cell cen tre of element [ i,j ] is giv en b y:

l ong itude = (( i − 360 . 0) / 2 . 0) + 0 . 25

l atitude = (( j − 180 . 0) / 2 . 0) + 0 . 25

b o oklet 28 (28, 0)

The latitudes whic h are implied b y the pro duct cell n um b ers are

geo cen tric.

The exceptional v alue of − 1 is used to indicate that no data w ere

a v ailable to generate an ASST for a particular half-degree cell.

Suc h a v alue will apply to all cells o v er land, o v er ice, under cloud

when observ ed, or not observ ed at all during the mon th.

3.2 Fiv e-da y a v eraged maps

Data a v eraged o v er fiv e-da y p erio ds at one-degree resolution are

stored on Disk 2 of the CD-R OM set in the directory [ sup ers ]. This

temp oral and spatial resolution w as c hosen to matc h the UKMO’s

‘sup erobserv ation’ grid (Bottomley et al. , 1990). In leap y ears,

data for 29th F ebruary are included with the previous fiv e da ys,

th us the sup erobserv ations start on the same dates from y ear to

y ear.

The filenames ha v e the form:

sup y mm dd .dat

where y is the (y ear − 1990), mm is the mon th of the y ear, and dd is

the da y of the mon th corresp onding to the first da y of the fiv e-da y

p erio d. Th us sup20307.dat con tains data for the fiv e-da y p erio d

starting on 7th Marc h 1992.

b o oklet 29 (29, 0)

Eac h file con tains a t w o-b yte-in teger arra y of dimensions 360 × 180.

Eac h arra y elemen t represen ts an a v eraged SST in cen tiKelvin for a

one-degree cell. The terrestrial p osition asso ciated with eac h SST

is implicit in its arra y p osition as describ ed b elo w. (The arra y is

stored as 180 720-b yte records, with the 360 t w o-b yte v alues for a

particular latitude stored in eac h 720-b yte record. The first record

con tains v alues for the one-degree cells cen tred at 89.5 o

S etc .)

Considering the arra y to b e n um b ered 0 ≤ i ≤ 359, 0 ≤ j ≤ 179,

the p osition of the cell cen tre of element [ i,j ] is giv en b y:

l ong itude = (( i − 180 . 0) / 2 . 0) + 0 . 5

l atitude = (( j − 90 . 0) / 2 . 0) + 0 . 5

The latitudes whic h are implied b y the pro duct cell n um b ers are

geo cen tric.

The exceptional v alue of − 1 is used to indicate that no data w ere

a v ailable to generate an ASST for a particular one-degree cell. Suc h

a v alue will apply to all cells o v er land, o v er ice, under cloud when

observ ed, or not observ ed at all during the fiv e-da y p erio d.

b o oklet 30 (30, 0)

4 Soft w are

Soft w are to help with accessing the data on this CD-R OM set is

stored on Disk 1 in the directory [ soft w are ]. Routines written in

F ortran, C and IDL

4

are pro vided as describ ed b elo w.

readasst.c – a C program to read an ASST file and prin t the

con ten ts of the first record.

disasst.pro, dismonth.pro, dissuper.pro – IDL pro cedures

to displa y the con ten ts of ASST, mon thly a v erage and ‘su-

p erobserv ation’ files resp ectiv ely as global maps.

avgasst.for – a F OR TRAN program to pro duce a time-a v eraged

half-degree SST arra y for an y date range.

rdmonth.for, rdsuper.for – F OR TRAN programs to read the

mon thly and sup erobserv ation files resp ectiv ely , and prin t

some simple statistics ab out the data.

These programs are pro vided as templates from whic h the user can

dev elop more sp ecialised soft w are as required. Whilst p ortabilit y

4

IDL is a registered trademark of Researc h Systems, Inc.

b o oklet 31 (31, 0) has b een the main programming consideration, inevitably small

alterations to the soft w are will b e necessary . In particular, the

filenames of the input data m ust b e c hanged to reflect the actual

lo cation of the CD directory on the lo cal system.

The other lik ely c hange is asso ciated with the b yte-ordering used

b y the computer system. As men tioned earlier, the data are stored

as 2-b yte or 4-b yte in tegers in fixed-length records. Byte order-

ing within v alues follo ws the DEC/VMS

5

standard; that is, b ytes

are ordered in increasing significance ( little-endian ). This b yte-

ordering is also used on most PCs. Ho w ev er, sw apping of b ytes

will b e necessary on those platforms where the con trary con v en-

tion is used ( big-endian ). All the programs supplied incorp orate

a b ytesw ap flag, and will p erform b yte-sw apping if this flag set to

true. Note that the programs will w arn the user if the data v alues

suggest the wrong c hoice regarding b ytesw apping has b een made.

A complete description of the programs is pro vided in the source

co de and in aareadme.txt in the [ soft w are ] directory .

5

VMS is a registered trademark of Digital Equipmen t Corp.

b o oklet 32 (32, 0)

5 Do cumen tation

Useful do cumen tation stored in the [ do cs ] directory includes:

b o oklet.tex, b o oklet.ps – the L a

T

E

X source and P ostScript

6

file for

this b o oklet.

sad500.ps, sad2.ps – the P ostScript files for the SADIST v500 and

SADIST 2 pro ducts do cumen ts.

atsrops.txt – a text file con taining the A TSR op erations log.

baddata.txt – a text file summarising the time ranges whic h ha v e

b een remo v ed from the ASST data set for qualit y con trol

purp oses (see Section 2.4).

ftp.txt – a text file describing the anon ymous ftp accoun t where

up dates to the data, soft w are and do cumen tation will b e

made a v ailable.

vms.txt – a text file with VMS-sp ecific advice.

da ydates.dat – dates in the ( y mm dd ) format (as describ ed in

Section 2.2) are giv en for the da y n um b ers as used in the

ASST data.

6

P ostScript is a registered trademark of ADOBE.

b o oklet 33 (33, 0)

A The A TSR Instrumen t

A TSR-1 is a dual-view, self-calibrating, infrared radiometer with

sp ectral c hannels cen tred at 1.6 μ m, 3.7 μ m, 10.8 μ m and 12.0 μ m

(Edw ards et al. , 1990). Sev eral asp ects of the A TSR design enable

the measuremen t of high-precision SSTs.

On-b oard calibration – t w o highly-precise, ultra-stable, on-b oard

calibration targets are main tained at around 265K and 305K.

Radiation from eac h of these is measured during ev ery scan,

and these data are used to con tin ually calibrate the instru-

men t, enabling the determination of single-c hannel equiv alen t

temp eratures correct to within 0.05K.

Lo w-noise detectors – a Stirling-cycle co oler main tains the de-

tectors b elo w 100K. A t the start of the mission, noise temp er-

atures lo w er than 0.05K (for scene temp eratures up to 300K)

w ere ac hiev ed for eac h c hannel.

Dual-view – A TSR’s conical scanning tec hnique results in t w o

views of the Earth’s surface, one close to nadir and one at

55 o

to nadir. As these views are asso ciated with differen t

atmospheric path lengths, a correction for atmospheric ab-

sorption can b e determined.

b o oklet 34 (34, 0)

B SADIST – the A TSR data pro cess-

ing sc heme

The tasks p erformed b y the A TSR data-pro cessing sc heme include:

Geolo cation and Collo cation of data: – the Earth lo cation

of acquired A TSR data is determined with an accuracy of

b etter than 2 km, and the collo cation (matc hing of forw ard

and nadir data) has a similar accuracy (Z´ av o dy , 1995).

Cloud clearing: – the cloud-clearing sc heme extends that de-

v elop ed b y Saunders and Krieb el (1988) for use with A VHRR

data o v er the North A tlan tic. Additional tests in v olv e: con-

sistency c hec ks on forw ard and nadir brigh tness temp eratures

for individual c hannels; consistency c hec ks on nadir-view

brigh tness temp eratures from differen t c hannels, and the use

of the 1.6 μ m c hannel in da ytime. Note that the requiremen ts

of the nadir/forw ard-view difference test ha v e b een relaxed

from the ideal in order to a v oid rejecting large quan tities

of data affected b y aerosols from the 1991 Moun t Pinatub o

eruption. This can result in SSTs depressed b y up to 1K

from their true v alue (and also in the admission of gen uinely

cloudy data). The error is greater in nadir-only SSTs than

b o oklet 35 (35, 0) in dual-view SSTs b y an amoun t whic h is correlated with the

degree of atmospheric aerosol con tamination. See Za v o dy et

al. (1995) for a discussion of this and a description of the

cloud tests.

SST retriev al: – the SST retriev al sc heme follo ws that demon-

strated b y McClain et al. (1985), where SST is giv en b y a

linear com bination of brigh tness temp eratures.

SST = a

0

+

N

∑

i =1 a

i

T

i

where a

i is a constan t linear regression co efficien t and T

i is the

cloud-free scene brigh tness temp erature observ ed b y A TSR.

The co efficien ts are deriv ed using global radiosonde sets and

an atmospheric radiativ e transfer mo del; three differen t sets

of co efficien ts are used dep ending on latitude range (p olar,

mid-latitude or tropical). Da y-time SST retriev al uses the

11 μ m and 12 μ m brigh tness temp eratures; nigh t-time SST

retriev al also uses the 3.7 μ m brigh tness temp erature when

a v ailable (that is, for data acquired previous to the Ma y 1992

failure). Therefore a maxim um of six brigh tness temp eratures

can con tribute to an SST deriv ation, i.e. forw ard and nadir

b o oklet 36 (36, 0) v alues from the 11, 12 and 3.7 μ m c hannels. This calculation

is p erformed indep enden tly for eac h pixel when ev aluating

SSTs at 1 km × 1 km resolution, or on a v eraged ten-arcmin ute

brigh tness temp eratures when ev aluating half-degree ASSTs

(see Section 2.1). A complete description of the SST retriev al

is giv en b y Z´ av o dy et al. (1994, 1995).

All data con tained on the CD-R OM set discussed here w ere pro-

duced using SADIST v500. Ho w ev er, a radically-revised v ersion

of the pro cessing soft w are, SADIST-2 is in the final stages of de-

v elopmen t. In the new ASST pro duct, SSTs a v eraged o v er a ten-

arcmin ute cell will b e stored; that is, nine v alues for eac h half-

degree cell. The implications of SADIST-2 for the ASST pro duct

and the new ASST format made necessary b y this c hange are dis-

cussed in Bailey (1995). Later v ersions of the ASST arc hiv e pro-

duced using SADIST-2, will b e made a v ailable on future CD-R OM

sets.

b o oklet 37 (37, 0)

C Global co v erage and the ERS-1 orbit

ERS-1 is in a near-p olar, Sun-sync hronous orbit, of inclination

98.5 o

and mean altitude 785 km. The A TSR sw ath is appro xi-

mately 256 km eac h side of the sub-satellite trac k; this giv es rise to

near-global co v erage in three da ys during the basic ERS-1 three-

da y rep eat cycle, although some regions at tropical latitudes are

nev er observ ed. Complete global co v erage is ac hiev ed during the

alternativ e 35-da y and 168-da y rep eat cycles whic h ha v e also b een

emplo y ed b y ERS-1.

The result of a mon th’s observ ation in Jan uary 1992 and Jan-

uary 1993 are sho wn in Figure 3; these mon ths w ere asso ciated

with a 3-da y and a 35-da y rep eat cycle resp ectiv ely . Note the

c haracteristic gap pattern eviden t in the earlier map compared to

the full co v erage exhibited b y the later one.

b o oklet 38 (38, 0)

Figure 3: Global co v erage during 3-da y and 35-da y rep eat cycles

b o oklet 39 (39, 0)

T able 4: ERS-1 Rep eat Cycles

Date range

Rep eat Cycle

31 July 1991 – 10 Decem b er 1991

3-da y (Commissioning Phase)

10–26 Decem b er 1991

ERS-1 orbit mano euvres

26 Decem b er 1991 – 30 Marc h 1992

3-da y (Ice Phase)

30 Marc h 1992 – 14 April 1992

ERS-1 orbit mano euvres

14 April 1992 – 17 Decem b er 1993

35-da y (Global Phase)

17–21 Decem b er 1993

ERS-1 orbit mano euvres

21 Decem b er 1993 – 10 April 1994

3-da y (Second Ice Phase)

10 April 1994 – 19 Marc h 1995

168-da y (Geo detic Phase)

19–21 Marc h 1995

ERS-1 orbit mano euvres

21 Marc h 1995 –

35-da y (Global Phase)

A record of ERS-1 rep eat cycles is giv en in T able 4. Note that

the differen t three-da y rep eat cycles w ere asso ciated with differen t

global co v erage, that is, the data v oids w ere in differen t places.

b o oklet 40 (40, 0)

References

[1] P . Bailey , SADIST Pro ducts (V ersion 500) , Space Science Departmen t,

Rutherford Appleton Lab oratory , 1993.

[2] P . Bailey , SADIST-2, v100 pro ducts , (ER-TN-RAL-A T-2164), Space Sci-

ence Departmen t, Rutherford Appleton Lab oratory , 1995.

[3] I.J. Barton et al. , “V alidation of the A TSR in Australian W aters”, J.

A tmos. Oceanic T ec hnol. , 12 , 290-300.

[4] M. Bottomley et al. , “Global Ocean Surface T emp erature A tlas, Join t

Pro ject, United Kingdom Meteorological Office and Massac h usetts Insti-

tute of T ec hnology”, Her Ma jest y’s Stationary Office, London , 20pp, 313

plates.

[5] T. Edw ards et al. , “The Along T rac k Scanning Radiometer – Measuremen t

of Sea-Surface T emp erature from ERS-1”, J. British In terplan. So c. , 43 ,

160–180, 1990.

[6] M.S. Jones et al. , “Reducing Cloud Con tamination in A TSR Av eraged

SST data”, J. A tmos. Oceanic T ec hnol. , accepted, 1995.

[7] E.P . McClain et al. , “Comparativ e p erformance of A VHRR based m ulti-

c hannel SSTs”, J. Geoph ys. Res., 90 , 11587–11601, 1985.

[8] C.T. Mutlo w et al. , “Sea surface temp erature measuremen ts b y the along-

trac k scanning radiometer on the ERS-1 satellite: Early results”, J. Geo-

ph ys. Res., 99 , 575–588, 1994.

[9] R. W. Saunders and K. T. Krieb el, “An impro v ed metho d for detecting

clear sky and cloudy sky radiances from A VHRR data”, In t. J. Remote

Sens., 9 , 123–150, 1988.

b o oklet 41 (41, 0)

[10] A. Z´ av o dy et al. , “The A TSR data pro cessing Sc heme Dev elop ed for the

EODC”, In t. J. Remote Sens., 15 , 827–843, 1994.

[11] A. Z´ av o dy et al. , “A radiativ e transfer mo del for SST retriev al for the

A TSR”, J. Geoph ys. Res., 100 , 937–952, 1995.

[12] A. Z´ av o dy , priv ate comm unication, 1995.

F urther information on A TSR can b e obtained from:

Dr. Chris Mutlo w,

A TSR-1 Principal In v estigator,

Space Science Departmen t,

Rutherford Appleton Lab oratory ,

Chilton, Didcot,

O X11 OQX,

United Kingdom.

T el: 01235-446525

F ax: 01235-445848.

Ac kno wledgemen ts: Thanks to Chris Mutlo w, P aul Bailey ,

P eter Allan, Myles Allen, P eter Chiu, Brian Coan, Malcolm Cur-

rie, Sean La wrence, Ch unk ey Lepine, Da vid Llew ellyn-Jones, Nigel

Hough ton, Chris Seelig, Phil W atts and Albin Z´ av o dy for useful

discussions on the data and soft w are presen ted here.

b o oklet 42 (42, 0)