SADIST Pro ducts (V ersion 600)

P aul Bailey

1

Space Science Departmen t

Rutherford Appleton Lab oratory

25 Ma y 1994 release

1

T elephone (0235) 445705; F ax (0235) 445848; e-mail (IP) pb@atsr.rl.ac.uk, (DECnet) 19590::pb

Con ten ts

1 In tro duction 5

1.1 Ov erview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.2 Pro duct t yp es . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

1.3 Pro duct format/con ten t c hanges within v ersion 500 . . . . . . . . . . . . . . . . . . . . 9

1.4 Pro duct format/con ten t c hanges within v ersion 600 . . . . . . . . . . . . . . . . . . . . 10

1.5 In terpretation of latitudes within SADIST v600 pro ducts . . . . . . . . . . . . . . . . 10

2 Deco ded infra-red coun t image pro duct (COUNTS) 13

2.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.2 Primary header . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.3 Secondary header . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13

2.4 Pro duct format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.5 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

2.6 Sample co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

3 Brigh tness temp erature image pro duct (BT) 19

3.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.2 Primary header . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

3.3 Secondary header . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3.4 Pro duct format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

3.4.1 Pixel geolo cation & x/y offsets . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

3.4.2 Brigh tness temp erature/reflectance images . . . . . . . . . . . . . . . . . . . . 23

3.4.3 In terpretation of the 3.7 μ m/1.6 μ m image con ten ts . . . . . . . . . . . . . . . . 24

3.5 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

3.6 Sample co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

4 Sea-surface temp erature image pro duct (SST) 31

4.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.2 Primary header . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.3 Secondary header . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.4 Pro duct format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.4.1 Pixel geolo cation & x/y offsets . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

4.4.2 Sea-surface temp erature image . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

4.4.3 Pro cessing and confidence information . . . . . . . . . . . . . . . . . . . . . . . 34

4.5 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

4.6 Sample co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

5 Spatially-a v eraged sea-surface temp erature pro duct (ASST) 39

5.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39

5.2 Spatially-a v eraged sea-surface temp erature deriv ation . . . . . . . . . . . . . . . . . . 39

5.3 Pro duct format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

5.4 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

5.5 Sample co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

6 Brigh tness temp erature bro wse image pro duct (BR O WSE) 45

6.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

6.2 Primary header . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

6.3 Secondary header . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

6.4 Pro duct format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

6.4.1 Sub-sampled brigh tness temp erature/reflectance images . . . . . . . . . . . . . 47

6.4.2 In terpretation of the 3.7 μ m/1.6 μ m image con ten ts . . . . . . . . . . . . . . . . 48

6.5 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

6.6 Sample co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

7 Land-flagging/cloud-iden tification results pro duct (CLOUD) 52

7.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

7.2 Pro duct format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

7.3 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

7.4 Sample co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

8 Nadir-only sea-surface temp erature image pro duct (NSST) 55

8.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

8.2 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

9 Spatially-a v eraged land-surface temp erature pro duct (ALST) 56

9.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

9.2 Pro duct format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56

9.3 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

9.4 Sample co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

10 Spatially-a v eraged cloud temp erature/co v erage pro duct (A CLOUD) 61

10.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

10.2 Cloud temp erature/co v erage deriv ation . . . . . . . . . . . . . . . . . . . . . . . . . . 61

10.3 Pro duct format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

10.4 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

10.5 Sample co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

11 A TSR instrumen t engineering pro duct (ENG) 68

11.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

11.2 Pro duct format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

11.3 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

11.4 Sample co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

12 A TSR/M micro w a v e instrumen t ra w data pro duct (MWR) 74

12.1 General description . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

12.2 Pro duct format . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

12.2.1 A TSR/M micro w a v e ra w data . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

12.3 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

12.4 Sample co de . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

A SADIST pro duct file nomenclature 79

A.1 Brigh tness temp erature image pro duct file-name extension . . . . . . . . . . . . . . . . 80

A.2 Brigh tness temp erature bro wse image pro duct file-name extension . . . . . . . . . . . 81

A.3 Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

B Pro duct v ersion history 82

C Residual differences b et w een SADIST for V AX and Alpha AXP 90

D Changes to this do cumen t 96

E Glossary and abbreviations 97

List of Figures

1 A TSR/SADIST pro duct and pro cessing lev els . . . . . . . . . . . . . . . . . . . . . . . 6

2 Lo cations of longitude anomalies due to incorrect geolo cation grid adjustmen t . . . . . 88

List of T ables

1 Latitude t yp es within SADIST pro ducts . . . . . . . . . . . . . . . . . . . . . . . . . . 11

2 Geo cen tric/geo detic latitude differences . . . . . . . . . . . . . . . . . . . . . . . . . . 12

3 Deco ded infra-red coun t image pro duct 2048-b yte primary header . . . . . . . . . . . . 13

4 Deco ded infra-red coun t image pro duct record . . . . . . . . . . . . . . . . . . . . . . . 14

5 Deco ded infra-red coun t image pro duct exceptional v alues . . . . . . . . . . . . . . . . 15

6 Brigh tness temp erature image 1024-b yte primary header . . . . . . . . . . . . . . . . . 21

7 Brigh tness temp erature image pro duct exceptional v alues . . . . . . . . . . . . . . . . 25

8 Sea-surface temp erature image 1024-b yte primary header . . . . . . . . . . . . . . . . 32

9 Con ten ts of the sea-surface temp erature image pro cessing and confidence w ord . . . . 34

10 Sea-surface temp erature image pro duct exceptional v alues . . . . . . . . . . . . . . . . 35

11 Spatially-a v eraged sea-surface temp erature pro duct record . . . . . . . . . . . . . . . . 40

12 Spatially-a v eraged sea-surface temp erature pro duct confidence w ord . . . . . . . . . . 42

13 Spatially-a v eraged sea-surface temp erature image pro duct exceptional v alues . . . . . 42

14 Brigh tness temp erature bro wse image pro duct 256-b yte primary header . . . . . . . . 46

15 Brigh tness temp erature bro wse image pro duct exceptional v alues . . . . . . . . . . . . 48

16 Land-flagging/cloud-iden tification comp osite result w ord . . . . . . . . . . . . . . . . . 53

17 Spatially-a v eraged land-surface temp erature pro duct record . . . . . . . . . . . . . . . 56

18 Spatially-a v eraged land-surface temp erature pro duct confidence w ord . . . . . . . . . . 58

19 Land-surface temp erature three-bit n um b er-of-pixels enco ding . . . . . . . . . . . . . . 58

20 Spatially-a v eraged cloud temp erature/co v erage pro duct record . . . . . . . . . . . . . 62

21 Spatially-a v eraged cloud temp erature/co v erage pro duct confidence w ord . . . . . . . . 65

22 Spatially-a v eraged cloud temp erature/co v erage pro duct exceptional v alues . . . . . . . 66

23 A TSR instrumen t engineering pro duct record . . . . . . . . . . . . . . . . . . . . . . . 68

24 A TSR instrumen t engineering parameters (1 to 46) . . . . . . . . . . . . . . . . . . . . 69

25 A TSR instrumen t engineering parameters (47 to 92) . . . . . . . . . . . . . . . . . . . 70

26 A TSR/M micro w a v e instrumen t ra w data pro duct record . . . . . . . . . . . . . . . . 74

27 A TSR/M and A TSR/IR instrumen t status w ords . . . . . . . . . . . . . . . . . . . . . 75

28 Calibration of blanking pulse sub-pixel offsets . . . . . . . . . . . . . . . . . . . . . . . 76

29 V AX/Alpha differences b et w een latitudes in BT pro ducts . . . . . . . . . . . . . . . . 91

30 V AX/Alpha differences b et w een longitudes in BT pro ducts . . . . . . . . . . . . . . . 91

31 V AX/Alpha differences b et w een nadir-view 12.0 μ m temp eratures in BT pro ducts . . . 92

32 V AX/Alpha differences b et w een nadir-view 11.0 μ m temp eratures in BT pro ducts . . . 92

33 V AX/Alpha differences b et w een nadir-view 1.6 μ m reflectances in BT pro ducts . . . . 92

34 V AX/Alpha differences b et w een forw ard-view 12.0 μ m temp eratures in BT pro ducts . 93

35 V AX/Alpha differences b et w een forw ard-view 11.0 μ m temp eratures in BT pro ducts . 93

36 V AX/Alpha differences b et w een forw ard-view 1.6 μ m reflectances in BT pro ducts . . . 93

37 V AX/Alpha differences b et w een sea-surface temp eratures in SST pro ducts . . . . . . . 94

38 V AX/Alpha differences b et w een spatially-a v eraged sea-surface temp eratures in ASST

pro ducts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

References

[1] Using SADIST: The One-hundr e d and Twenty Days of A TSR Data-pr o c essing . P aul Bailey , Space

Science Departmen t, Rutherford Appleton Lab oratory , 25 Ma y 1994 release.

[2] SADIST Pr o ducts (V ersion 500) . P aul Bailey , Space Science Departmen t, Rutherford Appleton

Lab oratory , 24 Ma y 1993.

[3] Building SADIST (V ersion 600) for V AX/VMS and A lpha AXP . P aul Bailey , Space Science

Departmen t, Rutherford Appleton Lab oratory , 25 Ma y 1994 release.

[4] Converting SADIST v500 A r chive Files to v600 F ormat . P aul Bailey , Space Science Departmen t,

Rutherford Appleton Lab oratory , 25 Ma y 1994 release.

[5] ERS-1 r adiom ètr e hyp erfr équenc e A TSR-M X-b and telemetry . A. Le Cornec, Y. De Ja v el, CRPE,

Decem b er 1988. ER-TN-CRP-A T-0042.

[6] A TSR S-b and telemetry wor ds , Issue 5.2, R. Bro wning, RAL, 11 F ebruary 1991. ER-IS-RAL-A T-

0019.

1 In tro duction

SADIST (Syn thesis of A TSR Data In to Sea-surface T emp eratures) is the Rutherford Appleton Lab o-

ratory’s (RAL’s) A TSR data-pro cessing sc heme. This do cumen t describ es the format and con ten ts of

pro duct files whic h are the result of SADIST pro cessing. Note that the pro cesses b y whic h pro ducts

are deriv ed are discussed only v ery briefly; the pro ducts themselv es are the sub ject of this do cumen t.

The con ten ts of this do cumen t can b e assumed to b e v alid for pro ducts of SADIST v ersion 600

only .

1.1 Ov erview

Input to SADIST comes in the form of magnetic tap es con taining A TSR ra w data (kno wn to ESA

as RA TSR data), as telemetered b y the ERS-1 satellite to an appropriate ground-station (Kiruna,

Sw eden; Maspalomas, Canary Islands; Gatineau & Prince Alb ert, Canada).

The task of deriving sea-surface temp eratures (SSTs) from suc h data ma y con v enien tly b e de-

comp osed in to pro cessing levels . The lev els are sequen tial; eac h represen ts a significan t step in the

transformation of ra w data in to sea-surface temp eratures. As pro cessing ma y b e divided in to lev els,

SADIST pro ducts ma y b e seen to b elong to a particular lev el; pro ducts are the output from one lev el

and, consequen tly , the input to the next. Th us, the pro ducts are stepping stones, and the pro cessing

lev els the steps whic h join them.

Figure 1 is a summary of the definable lev els of A TSR data-pro cessing within SADIST, and of the

c haracteristics of pro ducts of eac h lev el.

Lev el 0 pro ducts are the A TSR ra w data themselv es. No pro cessing of suc h data has tak en place;

they are pro ducts of the A TSR instrumen t, therefore, rather than of SADIST.

Lev el 1.0 pro cessing in v olv es: deco ding and unpac king of the A TSR ra w data source pac k ets

(whic h are telemetered in a compressed form); extraction of k ey calibration and instrumen t

engineering parameters.

Lev el 1.0 pro ducts are: deco ded infra-red detector coun t image pro ducts; extracted A TSR/M

micro w a v e instrumen t ra w data; extracted A TSR instrumen t engineering parameters.

Lev el 1.5 pro cessing in v olv es: con v ersion of infra-red detector coun ts to calibrated brigh tness

temp eratures; geometric correction of A TSR nadir- and forw ard-view scans; geolo cation and

collo cation of nadir- and forw ard-view scans.

Lev el 1.5 pro ducts are: geolo cated and collo cated nadir/forw ard brigh tness temp erature image

pro ducts; sub-sampled bro wse image pro ducts.

Lev el 2.0 pro cessing in v olv es: land-flagging and cloud-iden tification of brigh tness temp erature

images; deriv ation of sea-surface temp eratures, at b oth high and spatially-a v eraged

resolutions; deriv ation of spatially-a v eraged land and cloud pro ducts.

Lev el 2.0 pro ducts are: land-flagging/cloud-iden tification results pro ducts; deriv ed A TSR/M

micro w a v e instrumen t cloud pro ducts; high-resolution sea-surface temp erature image pro ducts;

spatially-a v eraged sea-surface temp erature pro ducts; spatially-a v eraged land-surface

temp erature pro ducts; spatially-a v eraged cloud temp erature/co v erage pro ducts.

Lev el 3.0 pro cessing (and ab o v e) in v olv es: deriv ation of global maps of sea-surface, land and

cloud temp eratures; temp oral a v eraging of sea-surface temp eratures; mosaic king of

high-resolution images; com bination of pro ducts from A TSR and other instrumen t/in situ

measuremen ts; and so on. Suc h pro cessing is not implemen ted within SADIST; it is b est

Lev el 0 pro ducts

Unpro cessed A TSR ra w data

Lev el 1.0 pro ducts

Deco ded coun t images

Instrumen t engineering parameters

Extracted A TSR/M ra w data

Lev el 1.5 pro ducts

Brigh tness temp erature images

Sub-sampled bro wse images

Lev el 2.0 pro ducts

Cloud-iden tification results

High-resolution SST images

Spatially-a v eraged pro ducts

Lev el 3.0 pro ducts

Global and regional maps

Comp osite image pro ducts

Multi-instrumen t pro ducts

Lev el 1.0 pro cessing

Unpac king of IR detector coun ts

Extraction of detector calibration

Instrumen t engineering retriev al

Lev el 1.5 pro cessing

Calibration of IR detector coun ts

Correction of A TSR scan geometry

Scan geolo cation and collo cation

Lev el 2.0 pro cessing

Land-flagging & cloud-iden tification

Sea-surface temp erature retriev al

Sea, land & cloud spatial-a v eraging

Lev el 3.0 pro cessing

Global map generation

Pro duct merging & mosaic king

Multi-instrumen t com bination

Figure 1: A TSR/SADIST pro duct and pro cessing lev els view ed as offline p ost-pro cessing of standard A TSR pro ducts, and is sub ject to considerable

researc h effort.

1.2 Pro duct t yp es

SADIST v ersion 600 has t w elv e pro duct t yp es. Eac h t yp e is recognised b y a short name, whic h is pro-

vided as the extension within pro duct file-names (see app endix A for a full description of the pro duct

file nomenclature). The short name of eac h pro duct t yp e is paren thesised within the description of

the pro duct pro vided b elo w.

The pro duct t yp es ma y b e divided in to three logical groups:

Primary pro ducts are exactly that; they are the most imp ortan t A TSR/SADIST pro ducts for

scien tific exploitation, and represen t a direct route b et w een A TSR ra w data and deriv ed

sea-surface temp eratures. Suc h pro ducts w ould b e pro vided b y an y A TSR data-pro cessing

sc heme. There are four primary SADIST pro ducts:

• Deco ded infra-red coun t image pro ducts (COUNTS) are the primary result of SADIST

lev el 1.0 pro cessing. Con tained are uncollo cated, ungeolo cated infra-red detector coun ts

in b oth nadir and forw ard views, with supplemen tary calibration information.

• Brigh tness temp erature image pro ducts (BT) are the primary result of SADIST lev el 1.5

pro cessing. Con tained are 512 * 512km images of brigh tness temp erature/reflectance in

nadir and forw ard views from 12.0 μ m, 11.0 μ m and 3.7/1.6 μ m c hannels. The pro duct

con ten ts are geolo cated and collo cated.

• Sea-surface temp erature image pro ducts (SST) are the primary result of high-resolution

SADIST lev el 2.0 pro cessing. Con tained are 512 * 512km images of deriv ed 1km

sea-surface temp erature, with asso ciated pro cessing and confidence information.

• Spatially-a v eraged sea-surface temp erature pro ducts (ASST) are the primary result of

spatially-a v eraged SADIST lev el 2.0 pro cessing. Con tained are sets of deriv ed half-degree

sea-surface temp eratures, with asso ciated pro cessing and confidence information.

Secondary pro ducts ha v e reduced v alue on their o wn, but pro vide useful supplemen tary

information when supplied with corresp onding primary pro ducts. Suc h pro ducts are unique to

SADIST; they should not b e assumed to comply with pro ducts from an y other A TSR

data-pro cessing sc heme, in format or con ten t. There are fiv e secondary SADIST pro ducts:

• Brigh tness temp erature bro wse image pro ducts (BR O WSE) are a secondary result of

SADIST lev el 1.5 pro cessing. Con tained are sub-sampled 128 * 128 pixel v ersions of 512 *

512km images of brigh tness temp erature/reflectance in nadir and forw ard views from

12.0 μ m, 11.0 μ m and 3.7/1.6 μ m c hannels. Bro wse images pro vide a con v enien t metho d of

searc hing and cataloguing the v oluminous brigh tness temp erature image pro ducts (or

indeed sea-surface temp erature pro ducts thence deriv ed) when the full image resolution is

not necessary .

• Land-flagging/cloud-iden tification results pro ducts (CLOUD) are a secondary result of

SADIST lev el 2.0 pro cessing. Con tained are images whose v alues are comp osite flags

indicating the detailed results of the land-flagging/cloud-iden tification pro cess applied to

brigh tness temp erature image pro ducts (BT). Suc h information is supplemen tary to that

found within the confidence w ord of sea-surface temp erature image pro ducts (SST) and is

of v alue when diagnosing problems within this pro cess, or undertaking cloud studies.

• Nadir-only sea-surface temp erature image pro ducts (NSST) are a secondary result of

SADIST lev el 2.0 pro cessing. Suc h pro ducts ha v e a format iden tical to primary

sea-surface temp erature image pro ducts (SST). Only nadir-view information is used

within sea-surface temp erature deriv ation, ho w ev er. Existence of this pro duct t yp e is

largely historical: whilst nadir/forw ard-view collo cation remained p o or in early v ersions

of SADIST, it w as necessary to deriv e sea-surface temp eratures using nadir-view data

only; no w that collo cation within SADIST is acceptable for dual-view SST deriv ation,

this pro duct t yp e has a purp ose (in conjunction with the primary sea-surface temp erature

image pro duct) in supplying information ab out differences b et w een SSTs deriv ed using

nadir-only and dual-view retriev al algorithms.

• Spatially-a v eraged land-surface temp erature pro ducts (ALST) are a secondary result of

spatially-a v eraged SADIST lev el 2.0 pro cessing. They ma y b e seen to b e complemen tary

to spatially-a v eraged sea-surface temp erature pro ducts, whose deriv ation, b y definition,

do es not include data acquired o v er land. Note that no attempt is made to deriv e a true

land-surface temp erature; this is b ey ond the scop e of A TSR data-pro cessing. What is

pro vided within land-surface temp erature pro ducts is a set of spatially-a v eraged

brigh tness temp eratures, from all a v ailable c hannels and views.

• Spatially-a v eraged cloud temp erature/co v erage pro ducts (A CLOUD) are a secondary

result of spatially-a v eraged SADIST lev el 2.0 pro cessing. Input to these pro ducts comes

from those A TSR pixels within whic h cloud has b een iden tified, and whic h therefore

w on’t con tribute to the spatially-a v eraged sea-surface or land-surface temp erature

pro ducts. These pro ducts pro vide deriv ed cloud-top temp eratures, in addition to

measuremen ts of the abundance of cloud within the A TSR sw ath.

Auxiliary pro ducts ma y b e considered b y-pro ducts of SADIST pro cessing. Generation of eac h

pro duct t yp e has b een implemen ted within SADIST in resp onse to a sp ecific requiremen t, to

whic h SADIST pro vides the b est solution. Generally , generation of auxiliary pro ducts o ccurs

in parallel with generation of primary or secondary pro ducts, and mak es parasitic use of the

results from a particular lev el of A TSR/SADIST pro cessing. There are three auxiliary

SADIST pro ducts:

• A TSR instrumen t engineering pro ducts (ENG) con tain calibrated A TSR instrumen t

engineering parameters extracted from A TSR ra w data during SADIST lev el 1.0

pro cessing. Generation of suc h pro ducts enables main tenance of a long-term instrumen t

engineering status arc hiv e at RAL, and is therefore exp ected to con tin ue indefinitely .

• A TSR/M micro w a v e instrumen t ra w data pro ducts (MWR) con tain ra w data from the

A TSR/M micro w a v e instrumen t (21 b ytes p er source pac k et) extracted from A TSR ra w

data during SADIST lev el 1.0 pro cessing. No pro cessing of suc h data is p erformed within

SADIST; the pro ducts ma y therefore b e regarded as lev el 0. Generation of this pro duct

t yp e w as originally effected to enable pro vision of A TSR/M ra w data b y RAL to CRPE

(Cen tre de Rec herc hes en Ph ysique de l’En vironnemen t T errestre et Plan étaire—the

F renc h researc h institute undertaking scien tific exploitation of the A TSR/M instrumen t)

during the early part of the ERS-1 mission, when distribution of A TSR ra w data to RAL

b y ESA w as significan tly b etter than to CRPE. Ev en if—as exp ected—impro v ed supply

of A TSR ra w data b y ESA to CRPE ob viates the need for generation of this pro duct

t yp e, the capabilit y to generate it will remain.

• A TSR/M micro w a v e cloud pro ducts (MCLOUD) con tain cloud information deriv ed

during SADIST lev el 2.0 pro cessing whic h has b een repro cessed to pro vide iden tification

of cloud within the t w o elliptical A TSR/M fo otprin ts. The algorithm for this repro cessing w as designed b y CRPE; since presence of the results of A TSR cloud-iden tification is

required for generation of this pro duct t yp e, ho w ev er, it m ust execute within SADIST.

F or this reason, generation of this auxiliary pro duct is exp ected to con tin ue for the

forseeable future.

1.3 Pro duct format/con ten t c hanges within v ersion 500

In addition to soft w are c hanges whose effect is a refinemen t of the A TSR pro cessing science (pixel

geolo cation; cloud-iden tification), and of the user in terface to SADIST, v ersion 500 em b o dies the

results of a complete redesign of SADIST pro duct formats and (to a lesser degree) pro duct con ten ts.

Pre-500 pro duct formats had c hanged v ery little since the original pro duct design w ork w as carried

out b efore the launc h of ERS-1. In the ligh t of the op erational con text within whic h SADIST m ust

no w op erate, man y original design decisions can b e seen to ha v e b een p o or ones.

A t that time, the exten t to whic h the A TSR science team, instrumen t v alidators and other users

w ould b e relian t on SADIST for pro cessed data w as underestimated, and w as certainly not a factor

within the pro duct design pro cess. Similarly , the v ariet y of op erating systems and programming

languages whic h w ould b e used w as not fully considered.

The pro duct formats c hosen b y RAL w ere hea vily dep enden t up on VMS-sp ecific v ariable-length

record structures. Suc h structures complicated the definition of pro duct formats, and obstructed

the passage of data from RAL to man y unix-based users. Ev en at RAL, the naiv ely-c hosen formats

created difficulties when attempts w ere made to read data using a n um b er of differen t languages.

Also, in a n um b er of cases, pro duct formats w ere suc h that data from the four A TSR detectors

and t w o instrumen t views w ere held within in terlea v ed records. This situation implicitly assumed

that the en tire con ten ts of a pro duct w ere desired b y a user: if all of the data had to b e read, then the

order in whic h it w as read w as irrelev an t. If, ho w ev er, a user sough t to use only a small section of the

pro duct con ten ts (the prime example w as a case where a user sough t only one nadir-view c hannel from

a brigh tness temp erature pro duct), he w as forced either to read data in whic h he w asn’t in terested,

or to tipto e carefully through the pro duct, pic king up the data he needed, whilst studiously a v oiding

the rest. Neither solution w as b eliev ed to b e acceptable.

It had b een clear to RAL for some time that c hange in pro duct design w ould b e b eneficial. Suc h

considerations had alw a ys giv en w a y to the recognition that significan t c hanges w ould impact a large

user comm unit y , and (p ossibly w orse) w ould create discon tin uit y b et w een formats of pro ducts from

differen t v ersions of SADIST. Ho w ev er, in the kno wledge that, t w en t y mon ths after the launc h of ERS-

1, SADIST remained the only fully-functional A TSR data-pro cessing system, and with the p ossibilit y

lo oming of SADIST b eing made a v ailable to users external to RAL, the bullet w as bit.

Therefore, with the in ten tion of making SADIST pro duct formats and con ten ts more appropriate

to the wide and v aried use to whic h they are—and will b e—put:

• All pro ducts no w use fixed-length records; this facilitates easy transfer b et w een VMS and

unix-based mac hines, and allo ws easy file-reading from a v ariet y of programming languages.

RAL has the abilit y to create unix tar tap es.

• Where p ossible, c hannel information within pro ducts is not in terlea v ed. All data from eac h

c hannel and view are con tiguous within pro duct files. In com bination with the use of

fixed-length records, this allo ws easy random-access to pro duct con ten ts.

• The brigh tness temp erature image pro duct has b een wholly redesigned. Rather than alw a ys

con taining data from all detectors and b oth views, the pro duct ma y con tain an y n um b er of

suc h c hannels and views. This redefinition results from discussion at RAL ab out a so-called

“quic k-lo ok” pro duct, con taining brigh tness temp eratures from only one c hannel and view.

Rather than retaining the previous brigh tness temp erature image pro duct (with all c hannels presen t), and defining a new “quic k-lo ok” pro duct, the consensus at RAL w as that the format

of the brigh tness temp erature pro duct should b e generalised suc h that the amoun t of data

con tained is wholly flexible. The con ten ts required are requestable b y the user, and are

itemised within the header.

• The 25km reference grid and ten-arcmin ute pixel p osition information (supplied with eac h

pixel in b oth nadir and forw ard views) has b een remo v ed. In its place precise geolo cation

(degrees/1000) is pro vided for eac h pixel. Grid in terp olation is therefore no longer necessary .

The pixel x/y offsets supplied with these data ha v e b een retained, since they enable precise

lo cation of true pixel cen tres.

• In addition, secondary header space has b een added to high-resolution image pro ducts to

enable storage of auxiliary information not a v ailable when the pro duct is created, for example:

information enabling attractiv e rendering of the data, lik e colour tables and con trast stretc hing

parameters; user-defined message areas; etc. A t the time of writing there is no con v en tion for

the use of the secondary header.

It should b e remem b ered, though, that SADIST is a VMS application, and its pro ducts una v oid-

ably acquire the c haracteristics of VMS files:

• Byte ordering within in tegers in pro duct files follo ws the DEC/VMS standard (b ytes ordered

in increasing significance), and sw apping of b ytes in to the user’s lo cal arc hitecture ma y b e

necessary .

1.4 Pro duct format/con ten t c hanges within v ersion 600

The great ma jorit y of the c hanges con tained within SADIST v ersion 600 are op erational, rather than

scien tific, and are describ ed in the do cumen t Using SADIST v600 [ 1 ]. Those c hanges whic h affect

pro duct formats and con ten ts are:

• The spatially-a v eraged cloud temp erature/co v erage pro duct (A CLOUD) has b een in tro duced.

• The A TSR instrumen t engineering pro duct (ENG) has b een redesigned. The principal c hange

is the replacemen t of floating-p oin t engineering parameters with appropriately-scaled in teger

man tissa and exp onen t comp onen ts; the in ten tion is to minimise the difficult y of transfer of

this pro duct from VMS systems to non-VMS systems. Note that this pro duct is fully

do cumen ted here for the first time.

• The A TSR/M micro w a v e instrumen t ra w data pro duct (MWR) has b een sligh tly redesigned,

to comply with the UK.A TS.0.P100 pro duct generated b y the UK-P AF. This has necessitated

using a stream format for this file; it is fully do cumen ted here for the first time.

• The brigh tness temp erature bro wse image pro duct (BR O WSE) has b een significan tly

extended. F ull-resolution brigh tness temp eratures from all a v ailable c hannels and views are

no w pro vided. As with the brigh tness temp erature image pro duct (BT) itself, the con ten ts of

the BR O WSE pro duct are no w individually requestable b y the user.

All other pro ducts are unc hanged in v ersion 600.

1.5 In terpretation of latitudes within SADIST v600 pro ducts

The Earth is not a sphere. When one is attempting to sp ecify the lo cations of p oin ts on the Earth’s

surface as observ ed b y an orbiting satellite, it is crucial to clearly define the assumptions one is making

ab out the Earth’s oblateness, and the latitudes one deriv es.

A geo cen tric latitude is the angle enclosed b y the Equatorial plane, and the line connecting the

cen tre of the Earth to the p oin t on the Earth’s surface seen b y the satellite.

A geo detic latitude is the angle enclosed b y the Equatorial plane, and the lo cal normal at the

p oin t on the Earth’s surface seen b y the satellite. The lo cal normal in tersects the cen tre of the

Earth only at latitudes of zero degrees and ninet y degrees; these are the only p oin ts where the

geo detic and geo cen tric latitudes are equal.

The business of pixel geolo cation within SADIST data-pro cessing is based on a ge o c entric co or-

dinate system, whic h is most appropriate for the v ector algebra b y whic h pixel lo cations are deriv ed

from kno wledge ab out: the p osition of the ERS-1 satellite; the A TSR scan geometry; the dimensions

of the Earth. Pixel latitudes pro vided within image pro ducts are ge o detic ; they are deriv ed from the

geo cen tric latitudes b y applying a simple function:

g eodetic = tan

− 1

(1 . 0067451 × tan ( g eocentr ic ))

The latitudes of half-degree cells pro vided in spatially-a v eraged pro ducts, ho w ev er, remain geo cen tric.

If latitudes of the con ten ts of image and spatially-a v eraged pro ducts are to b e compared directly ,

con v ersions m ust b e p erformed to ensure consistency . Geo cen tric latitudes ma y b e deriv ed from

geo detic latitudes b y applying:

g eocentr ic = tan

− 1

(0 . 9933001 × tan ( g eodetic ))

The geo cen tric/geo detic inconsistency is presen t within pro ducts from SADIST v500 and SADIST

v600. Rather than in tro ducing latitude consistency within SADIST v600, at the same time in tro ducing

a systematic difference b et w een spatially-a v eraged pro ducts from SADIST v500 and SADIST v600,

the inconsistency has consciously b een p erp etuated in SADIST v600.

It is considered that the v ery minor c hanges to the scien tific pro cessing in tro duced in SADIST

v600

1

do not justify a large-scale repro cessing of A TSR data. Main taining the latitude inconsistency

supp orts this view-p oin t.

The latitudes presen t within SADIST v600 pro ducts are summarised in table 1.

Pro duct t yp e

Latitude t yp e

COUNTS (header) geo detic

BT geo detic

SST geo detic

ASST geo cen tric

BR O WSE (header) geo detic

NSST geo detic

CLOUD n/a

ALST geo cen tric

A CLOUD geo cen tric

ENG n/a

MWR n/a

MCLOUD n/a

T able 1: Latitude t yp es within SADIST pro ducts

The differences b et w een geo cen tric and geo detic latitudes (based on the form ulae sho wn ab o v e)

are c haracterised in table 2.

1

Some small bug fixes and cloud-iden tification t w eaks.

Geo cen tric Geo detic

0 0

10 10.066

20 20.124

30 30.167

40 40.190

45 45.193

50 50.190

60 60.167

70 70.124

80 80.066

90 90

T able 2: Geo cen tric/geo detic latitude differences

2 Deco ded infra-red coun t image pro duct (COUNTS)

2.1 General description

The deco ded infra-red coun t image pro duct con tains detector coun ts and (a limited amoun t of ) engi-

neering data from up to 560 consecutiv e A TSR scans.

The pro duct con tains:

• Primary header;

• Secondary header;

• A maxim um of 2240 records con taining deco ded coun ts from the four A TSR/IR detectors in

b oth nadir and forw ard views, from up to 560 nadir/forw ard-view scans.

The data are uncollo cated and ungeolo cated; that is, the nadir/forw ard views are con temp orane-

ous (and therefore are separated along-trac k b y appro ximately 900km), and retain the A TSR scan

geometry .

Also con tained are ancillary v alues whic h pro vide: detector coun ts obtained from views of the

A TSR hot and cold blac k-b o dy calibration targets; measured temp eratures of the blac k b o dies; co ef-

ficien ts for use during calibration of the detector signals (detector coun ts to brigh tness temp eratures);

and signal c hannel pro cessor (SCP) gains and offsets for eac h of the detector signals.

This pro duct has a fixed-length 2048-b yte record format; it has a maxim um size of 2242 records,

con taining 4591616 b ytes.

2.2 Primary header

The primary header for this pro duct is a single 2048-b yte record, whose con ten ts are wholly ASCI I

text. See table 3.

Note that the ascending no de whose longitude is pro vided in the header is that whic h o ccurs during

the course of the A TSR ra w data file from whic h the pro duct w as deriv ed; this ma y therefore o ccur

either b efore or after the pro duct itself. (Con v ersely , the ascending no de whose time is pro vided in

the pro duct file-name is that whic h o ccurs b efor e the pro duct start; see app endix A.)

Byte range

P arameter description T yp e Unit

0 – 45

Pro duct file-name (as describ ed b y app endix A) Character None

46 – 56

Latitude (geo detic) of sub-satellite p oin t at first scan in pro duct Real Degrees

57 – 67

Longitude of sub-satellite p oin t at first scan in pro duct Real Degrees

68 – 78

Longitude of ascending no de crossed during course of orbit Real Degrees

79 – 98

Univ ersal time of first scan in pro duct Character None

99 – 2047

Un used None None

T able 3: Deco ded infra-red coun t image pro duct 2048-b yte primary header

2.3 Secondary header

The secondary header for this pro duct is a single 2048-b yte record. No con v en tion exists for the use

of the secondary header.

2.4 Pro duct format

The pro duct consists of v alues obtained from an in teger m ultiple of 80 scans; this represen ts the scan

grouping whic h is presen t during lev el 1.0 pro cessing within SADIST. A maxim um file size of 560

scans has b een selected since it is the first in teger m ultiple of 80 whic h lies ab o v e 512, the size of

all other SADIST high-resolution image pro ducts; an appro ximate corresp ondence b et w een lev el 1.0

pro ducts and deriv ed lev el 1.5 and 2.0 image pro ducts is main tained. Please note, though, that this

corresp ondence remains appro ximate, and dir e ct comparison b et w een pro ducts is not p ossible, since

lev el 1.0 pro ducts are ungeolo cated, and therefore retain the A TSR scan geometry .

Data from eac h A TSR scan are split in to four consecutiv e pro duct records; there is one record p er

instrumen t detector. The con ten ts of eac h record are itemised in table 4.

Byte range

P arameter description T yp e Unit

0 – 3

Time of scan (da ys since Jan uary 1st, 1950) In teger Da ys

4 – 7

Time of scan (milliseconds within curren t da y) In teger msecs

8 – 1117

555 t w o-b yte nadir-view pixel detector coun ts In teger None

1118 – 1859

371 t w o-b yte forw ard-view pixel detector coun ts In teger None

1860 – 1891

16 t w o-b yte plus blac k b o dy (+bb) pixel detector coun ts In teger None

1892 – 1923

16 t w o-b yte min us blac k b o dy (-bb) pixel detector coun ts In teger None

1924 – 1951

7 four-b yte measured plus blac k b o dy (+bb) temp eratures In teger K/1000

1952 – 1979

7 four-b yte measured min us blac k b o dy (-bb) temp eratures In teger K/1000

1980 – 1983

F our-b yte calibration bias for ev en pixels In teger 1/1000000

1984 – 1987

F our-b yte calibration bias for o dd pixels In teger 1/1000000

1988 – 1991

F our-b yte calibration slop e for ev en pixels In teger 1/1000000

1992 – 1995

F our-b yte calibration slop e for o dd pixels In teger 1/1000000

1996 – 1997

Gain used b y signal c hannel pro cessor (SCP) In teger None

1998 – 1999

Offset used b y signal c hannel pro cessor (SCP) In teger None

2000 – 2001

IDF scan coun t when SCP gain/offset last c hanged In teger None

2002 – 2005

F our-b yte a v erage coun ts of plus blac k b o dy (+bb) In teger None

2006 – 2009

F our-b yte a v erage coun ts of min us blac k b o dy (-bb) In teger None

2010 – 2013

F our-b yte co oler cold-tip temp erature In teger K/1000

2014 – 2017

F our-b yte 12.0 μ m detector temp erature In teger K/1000

2018 – 2021

F our-b yte 11.0 μ m detector temp erature In teger K/1000

2022 – 2025

F our-b yte 3.7 μ m detector temp erature In teger K/1000

2026 – 2029

F our-b yte 1.6 μ m detector temp erature In teger K/1000

2030 – 2047

Un used None None

T able 4: Deco ded infra-red coun t image pro duct record

The four records are pro vided in the order: 12.0 μ m, 11.0 μ m, 3.7 μ m, 1.6 μ m.

2.5 Notes

• This pro duct w as redesigned for SADIST v ersion 500, and is unc hanged for v ersion 600.

• Since a group of four consecutiv e records is deriv ed from the same A TSR scan, it can b e seen

that the scan times, measured blac k b o dy temp eratures, and co oler/detector temp eratures will

b e iden tical for eac h.

• Note that, though it is normal for the +bb blac k-b o dy to b e hot, and the -bb blac k-b o dy to b e

cold, this should not b e assumed to b e the case, since b oth b o dies ma y b e op erated in either mo de.

• 11.0 μ m coun t v alues are negated to sho w the presence of the blanking pulse whic h, when set,

indicates op eration of one of the activ e ERS-1 instrumen ts (SAR, Altimeter, Scatterometer);

when referencing the coun t v alue itself, use the absolute v alue. (Note that this situation

c hanged in v ersion 500; previously , the 12.0 μ m c hannel w as negated to sho w the presence of

the blanking pulse.)

• The calibration slop es and biases pro vided within the pro duct ha v e b een scaled, in order to

allo w their represen tation as in tegers. T o retriev e the actual slop es and biases, divide the

pro duct represen tation b y 1000000.

• Exceptional v alues within the deco ded infra-red coun t image pro duct are describ ed in table 5.

P arameter

V alue Reason

Coun t

-1 Channel not presen t within telemetered data (e.g. under normal

circumstances, the 3.7 μ m c hannel during the da y , and the

1.6 μ m c hannel during the nigh t)

Coun t

0 No data a v ailable, due to break in con tin uit y of do wnlink ed data

(in whic h case the en tire scan will con tain zero es), or absence

of signal in this c hannel

Coun t

1 (in 11.0 μ m c hannel) Channel not presen t within telemetered

data, and blanking pulse presen t (i.e. -1 * -1)

T able 5: Deco ded infra-red coun t image pro duct exceptional v alues

2.6 Sample co de

The follo wing sample V AX C co de demonstrates ho w the deco ded infra-red coun t image pro duct

migh t b e read. It assumes that the short t yp e is a t w o-b yte in teger, and that the long t yp e is a

four-b yte in teger.

/*------------------------------------------------------- --------*/

#include <file.h>

#include <unixio.h>

/*------------------------------------------------------- --------*/

struct{

char file_name[46];

char latitude[11];

char longitude[11];

char node_longitude[11];

char universal_time[20];

char unused[1949];

} primary_header;

struct{

long days_since_1950;

long msecs_in_day;

short nadir_counts[555]; short frwrd_counts[371];

short plus_bb_counts[16]; short minus_bb_counts[16];

long plus_bb_temps[7]; long minus_bb_temps[7];

long even_calibration_bias; long odd_calibration_bias;

long even_calibration_slope; long odd_calibration_slope;

short channel_gain;

short channel_offset;

short scans_since_update;

long plus_bb_average; long minus_bb_average;

long cooler_tip_temp;

long detector_temps[4];

unsigned char unused[18];

} chan_12_rec, chan_11_rec, chan_37_rec, chan_16_rec;

/*------------------------------------------------------- --------*/

unsigned char secondary_header[2048];

short nadir_chan_1[560][555], nadir_chan_2[560][555], nadir_chan_3[560][555], nadir_chan_4[560][555],

frwrd_chan_1[560][371], frwrd_chan_2[560][371], frwrd_chan_3[560][371], frwrd_chan_4[560][371];

/*------------------------------------------------------- --------*/

main()

{

                                                                                       int counts_file, scan_loop, pixel_loop;

                                                                                       counts_file = open("banks$303251725_25000_30325_x600.counts", O_RDONLY, 0, "rfm = fix", "mrs = 2048");

                                                                                       read(counts_file, (void *) &primary_header, 2048);

                                                                                       read(counts_file, (void *) secondary_header, 2048);

                                                                                       for (scan_loop = 0; scan_loop < 560; scan_loop++)

                                                                                       {

read(counts_file, (void *) &chan_12_rec, 2048);

read(counts_file, (void *) &chan_11_rec, 2048);

read(counts_file, (void *) &chan_37_rec, 2048);

read(counts_file, (void *) &chan_16_rec, 2048);

for (pixel_loop = 0; pixel_loop < 555; pixel_loop++)

{

nadir_chan_1[scan_loop][pixel_loop] = chan_12_rec.nadir_counts[pixel_loop];

nadir_chan_2[scan_loop][pixel_loop] = chan_11_rec.nadir_counts[pixel_loop];

nadir_chan_3[scan_loop][pixel_loop] = chan_37_rec.nadir_counts[pixel_loop];

nadir_chan_4[scan_loop][pixel_loop] = chan_16_rec.nadir_counts[pixel_loop];

}

for (pixel_loop = 0; pixel_loop < 371; pixel_loop++)

{

frwrd_chan_1[scan_loop][pixel_loop] = chan_12_rec.frwrd_counts[pixel_loop];

frwrd_chan_2[scan_loop][pixel_loop] = chan_11_rec.frwrd_counts[pixel_loop];

frwrd_chan_3[scan_loop][pixel_loop] = chan_37_rec.frwrd_counts[pixel_loop];

frwrd_chan_4[scan_loop][pixel_loop] = chan_16_rec.frwrd_counts[pixel_loop];

}

                                                                                       }

                                                                                       close(counts_file);

}

/*------------------------------------------------------- --------*/

The follo wing sample IDL

2

co de demonstrates ho w the deco ded infra-red coun t image pro duct migh t

b e read.

;/*------------------------------------------------------ ------*/

primary_head = { file_name: bytarr(46), latitude: bytarr(11), $

longitude: bytarr(11), node_longitude: bytarr(11), $

universal_time: bytarr(20), unused: bytarr(1949) }

secondary_head = bytarr(2048)

scan_times = lonarr(2, 560)

nad_chan_1 = intarr(555, 560)

nad_chan_2 = intarr(555, 560)

nad_chan_3 = intarr(555, 560)

nad_chan_4 = intarr(555, 560)

for_chan_1 = intarr(371, 560)

for_chan_2 = intarr(371, 560)

for_chan_3 = intarr(371, 560)

for_chan_4 = intarr(371, 560)

counts_record = { crec, time: lonarr(2), nadir: intarr(555), frwrd: intarr(371), $

plusbb: intarr(16), minusbb: intarr(16), $

plusbbtemp: lonarr(7), minusbbtemp: lonarr(7), $

calib: lonarr(4), scp: intarr(3), avrad: lonarr(2), $

detector_temps: lonarr(5), unused: bytarr(18) }

;/*------------------------------------------------------ ------*/

openr, 1, ’banks$303251725_25000_30325_x600.counts’, /fixed, 2048

readu, 1, primary_head

readu, 1, secondary_head

for scan_loop = 0, 559 do begin

                                                                                       readu, 1, counts_record

                                                                                       scan_times(*, scan_loop) = counts_record.time

                                                                                       nad_chan_1(*, scan_loop) = counts_record.nadir

                                                                                       for_chan_1(*, scan_loop) = counts_record.frwrd

                                                                                       readu, 1, counts_record

                                                                                       nad_chan_2(*, scan_loop) = counts_record.nadir

                                                                                       for_chan_2(*, scan_loop) = counts_record.frwrd

                                                                                       readu, 1, counts_record

                                                                                       nad_chan_3(*, scan_loop) = counts_record.nadir

                                                                                       for_chan_3(*, scan_loop) = counts_record.frwrd

                                                                                       readu, 1, counts_record

                                                                                       nad_chan_4(*, scan_loop) = counts_record.nadir

                                                                                       for_chan_4(*, scan_loop) = counts_record.frwrd

endfor

2

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

end

;/*------------------------------------------------------ ------*/

3 Brigh tness temp erature image pro duct (BT)

3.1 General description

The brigh tness temp erature image pro duct consists of 512 * 512km geolo cated, collo cated nadir and

forw ard brigh tness temp erature images, at a 1km resolution, from some or all a v ailable A TSR c hannels.

The pro duct con tains:

• Primary header;

• Secondary header;

• 2048 (optional) records con taining precise pixel lo cations;

• 512 (optional) records con taining x/y offsets of true pixel cen tres from their implied image

p ositions;

• 3072 (optional) records con taining 512 * 512km images of calibrated brigh tness

temp erature/reflectance from the A TSR/IR detectors in b oth nadir and forw ard views.

The data are collo cated and geolo cated.

The image x-co ordinate is the across-trac k direction, and the y-co ordinate is the along-trac k

direction. The along-trac k direction at an y p oin t around the orbit is defined to b e parallel to the

v elo cit y v ector of the sub-satellite p oin t relativ e to a fixed Earth. The across-trac k co ordinate is

then measured along the Great Circle orthogonal to the sub-satellite trac k. F rom these definitions,

it is clear that the along- and across-trac k directions v ary considerably around the orbit, and do not

conserv e an y particular alignmen t with parallels or meridians.

This pro duct has a fixed-length 1024-b yte record format; it has a maxim um size of 5634 records,

con taining 5769216 b ytes.

3.2 Primary header

The primary header for this pro duct is a single 1024-b yte record, whose con ten ts are wholly ASCI I

text. See table 6 for a full description of this header.

Pro duct file-name. Note that the extension to the file-name ma y b e used to determine the

pro duct con ten ts.

Ascending no de time/state-v ector/longitude. The ascending no de whose

time/state-v ector/longitude are pro vided in the header is that whic h o ccurs during the course

of the A TSR ra w data file from whic h the pro duct w as deriv ed; this ma y therefore o ccur either

b efore or after the pro duct itself. (Con v ersely , the ascending no de whose time is pro vided in

the pro duct file-name is that whic h o ccurs b efor e the pro duct start; see app endix A.)

Image acquisition time. This Univ ersal time has a format dd-mmm-yyyy hh:mm:ss . It is the

acquisition time of the A TSR scan whic h supplied the pixel at the cen tre of the first line of the

nadir-view image.

Univ ersal time at ascending no de. This Univ ersal time is the same as that pro vided (as da ys

since 1950) within b ytes 46 to 60; it has a format dd-mmm-yyyy hh:mm:ss .

Latitude/longitude of sub-satellite p oin t at image start. This geo detic latitude/longitude

pair pro vides the p osition of the sub-satellite p oin t at the along-trac k distance of the start of

the nadir image.

Along-trac k distance of first line of image. This is the along-trac k distance from the last

ascending no de crossing; it is the same as that pro vided within the pro duct file-name.

Source of ERS-1 state v ector. The parameter within the header whic h indicates the source of

the ERS-1 state v ector used within orbit propagation has three p ossible v alues:

1. ground predicted : the state v ector is a pre-orbit prediction; it w as inserted in to A TSR

ra w data headers at the ERS-1 ground-station to whic h the data w ere do wnlink ed.

2. esrin predicted : the state v ector is a pre-orbit prediction; it w as distributed directly to

the SADIST pro cessing sc heme b y ESRIN.

3. esrin restituted : the state v ector is a p ost-orbit restituted lo cation of ERS-1; it w as

distributed directly to the SADIST pro cessing sc heme b y ESRIN.

Kno wn problems during transmission from ESRIN to ERS-1 ground-stations ha v e resulted in

errors within some of the state v ectors inserted in to A TSR data headers (the first source listed

ab o v e). Geolo cation/collo cation errors presen t within pro ducts pro cessed using these state

v ectors ma y b e largely attributable to suc h errors. Differences b et w een orbit propagation using

ESRIN predicted and restituted state v ectors are trivial at the resolution whic h A TSR

requires; results using these state v ectors can b e assumed to b e iden tical.

Solar angles The solar elev ation, elev ation and azim uth differences are pro vided at elev en

equally-spaced p oin ts along the nadir and forw ard scans: the first p oin t is at the first

scan-pixel; the sixth p oin t is at the middle scan-pixel; the elev en th p oin t is at the last

scan-pixel. F or b oth views, the p oin ts at whic h angles are pro vided tra v erse the scan from left

to righ t; that is, ev en though A TSR scans clo c kwise, and the forw ard- and nadir-view scans

are acquired in differen t directions, the angles are consisten t in b oth views.

The scan used in eac h case can b e assumed to ha v e b een acquired within 6 seconds of the time

at whic h the sub-satellite p oin t crossed the image (forw ard or nadir) cen tre.

Note that if a brigh tness temp erature image pro duct is incompletely filled (data are missing at

the b eginning or at the end of the pro duct), the solar angles ma y b e missing; v alues of -999

degrees will b e presen t within the primary header.

3.3 Secondary header

The secondary header for this pro duct is a single 1024-b yte record. No con v en tion exists for the use

of the secondary header.

3.4 Pro duct format

Apart from the primary and secondary headers, the con ten ts of the brigh tness temp erature image

pro duct are wholly optional. The extension to the pro duct file-name indicates whic h data are con-

tained, as do b ytes 753 to 766 within the primary header. The ordering of data within the pro duct

remains the same, ho w ev er. If and when pro duct con ten ts ha v e b een requested, their order is:

1. Pixel geolo cation & x/y offsets (2560 records);

2. Nadir-view 12.0 μ m brigh tness temp erature image (512 records);

3. Nadir-view 11.0 μ m brigh tness temp erature image (512 records);

4. Nadir-view 3.7/1.6 μ m brigh tness temp erature/reflectance image (512 records);

Byte range P arameter description T yp e Unit

0 – 45

Pro duct file-name (as describ ed b y app endix A) Character None

46 – 60

Ascending no de time (da ys since Jan uary 1st, 1950) Real Da ys

61 – 72

Ascending no de state v ector x-co ordinate Real Km

73 – 84

Ascending no de state v ector y-co ordinate Real Km

85 – 96

Ascending no de state v ector z-co ordinate Real Km

97 – 106

Ascending no de state v ector x-v elo cit y Real Km/sec

107 – 116

Ascending no de state v ector y-v elo cit y Real Km/sec

117 – 126

Ascending no de state v ector z-v elo cit y Real Km/sec

127 – 147

Image acquisition time Character None

148 – 168

Univ ersal time at ascending no de Character None

169 – 178

Latitude (geo detic) of sub-satellite p oin t at time of image start Real Degrees

179 – 188

Longitude of sub-satellite p oin t at time of image start Real Degrees

189 – 198

Longitude of the ascending no de Real Degrees

199 – 204

Along-trac k distance of first line of image In teger Km

205 – 224

Source of ERS-1 state v ector used b y orbit propagation Character None

225 – 312

Solar elev ations at 11 p oin ts along cen tral nadir scan 11 * Real Degrees

313 – 400

Pixel-to-sun/pixel-to-ERS1 elev ation differences at 11 * Real Degrees

11 p oin ts along cen tral nadir scan

401 – 488

ERS1-to-sun/ERS1-to-pixel azim uth differences at 11 * Real Degrees

11 p oin ts along cen tral nadir scan

489 – 576

Solar elev ations at 11 p oin ts along cen tral forw ard scan 11 * Real Degrees

577 – 664

Pixel-to-sun/pixel-to-ERS1 elev ation differences at 11 * Real Degrees

11 p oin ts along cen tral forw ard scan

665 – 752

ERS1-to-sun/ERS1-to-pixel azim uth differences at 11 * Real Degrees

11 p oin ts along cen tral forw ard scan

753 – 754

Pixel geolo cation information presen t (1 is true) In teger None

755 – 756

Nadir 12.0 μ m c hannel image presen t (1 is true) In teger None

757 – 758

Nadir 11.0 μ m c hannel image presen t (1 is true) In teger None

759 – 760

Nadir 3.7/1.6 μ m c hannel image presen t (1 is true) In teger None

761 – 762

F orw ard 12.0 μ m c hannel image presen t (1 is true) In teger None

763 – 764

F orw ard 11.0 μ m c hannel image presen t (1 is true) In teger None

765 – 766

F orw ard 3.7/1.6 μ m c hannel image presen t (1 is true) In teger None

767 – 774

Co oler cold-tip temp erature Real Kelvin

775 – 782

12.0 μ m detector temp erature Real Kelvin

783 – 790

11.0 μ m detector temp erature Real Kelvin

791 – 798

3.7 μ m detector temp erature Real Kelvin

799 – 806

1.6 μ m detector temp erature Real Kelvin

807 – 1023

Un used None None

T able 6: Brigh tness temp erature image 1024-b yte primary header

5. F orw ard-view 12.0 μ m brigh tness temp erature image (512 records);

6. F orw ard-view 11.0 μ m brigh tness temp erature image (512 records);

7. F orw ard-view 3.7/1.6 μ m brigh tness temp erature/reflectance image (512 records).

3.4.1 Pixel geolo cation & x/y offsets

Pixel geolo cation and x/y offset information is presen t within a brigh tness temp erature image pro duct

if:

1. The file-name extension is bt (the default);

2. The file-name extension con tains the letter g (indicating that the pro duct is incomplete, but

that the geolo cation information is presen t);

3. Byte 753 within the primary header con tains the c haracter 1 .

If the pixel geolo cation information is presen t within the pro duct, it o ccupies 2560 records. The first

1024 records con tain precise pixel latitude (geo detic) v alues; the next 1024 records con tain precise

pixel longitude v alues; the final 512 records con tain comp osite pixel x/y offsets. Pro vision of x and y

offsets of pixels from the cen tres of the image pixels to whic h they ha v e b een assigned increases the

precision with whic h pixel across- and along-trac k co ordinates ma y b e kno wn,

The pixel latitudes for eac h image across-trac k scan—starting at scan 0, the first scan—are split

b et w een t w o consecutiv e records, eac h con taining precise latitudes for 256 pixels. The t w o records

are:

• 256 four-b yte in teger geo detic latitudes (degrees/1000) for pixels 0 to 255;

• 256 four-b yte in teger geo detic latitudes (degrees/1000) for pixels 256 to 511.

The pixel longitudes for eac h image scan—starting at scan 0, the first scan—are split b et w een t w o

consecutiv e records, eac h con taining precise longitudes for 256 pixels. The t w o records are:

• 256 four-b yte in teger longitudes (degrees/1000) for pixels 0 to 255;

• 256 four-b yte in teger longitudes (degrees/1000) for pixels 256 to 511.

Unlik e the pixel geolo cation latitude/longitude information, pixel x/y offsets are pro vided separately

for nadir and forw ard views; differences of scan geometry within the t w o A TSR views mak es this

necessary . The first 256 records con tain offsets for nadir view pixels; the follo wing 256 records con tain

offsets for forw ard view pixels. Eac h pixel x/y offset record con tains offsets for t w o consecutiv e image

scans. Eac h record is:

• 512 one-b yte pixel x/y offsets for all pixels within scan n um b er n ; and

• 512 one-b yte pixel x/y offsets for all pixels within scan n um b er n + 1.

Eac h one-b yte pixel x/y offset con tains an x-offset (that is, an offset in the across-trac k direction)

within the least significan t four bits, and a y-offset (that is, an offset in the along-trac k direction)

within the most significan t four bits. The range of p ossible v alues of eac h offset (0000 to 1111),

represen ts offsets from the cen tre of the image pixel of -0.46875km to 0.46875km, in steps of 0.0625km

(1/16km). Negativ e offsets represen t mo v emen t to w ards the left-hand sw ath edge (for x-offsets) or

against the direction of satellite motion (for y-offsets); p ositiv e offsets represen t mo v emen t to w ards

the righ t-hand sw ath-edge (for x-offsets) or with the direction of satellite motion (for y-offsets).

3.4.2 Brigh tness temp erature/reflectance images

The nadir-view 12.0 μ m c hannel image is presen t if:

1. The file-name extension is bt (the default);

2. The file-name extension includes the c haracters n1 , or na (indicating that the pro duct is

incomplete, but that the nadir-view 12.0 μ m c hannel has b een requested);

3. Byte 755 within the primary header con tains the c haracter 1 .

The nadir-view 12.0 μ m c hannel image is con tained within 512 records, eac h holding the brigh tness

temp eratures for one image scan, starting with the first scan. Eac h record is:

• 512 t w o-b yte nadir-view 12.0 μ m in teger brigh tness temp eratures (Kelvin/100).

The nadir-view 11.0 μ m c hannel image is presen t if:

1. The file-name extension is bt (the default);

2. The file-name extension includes the c haracters n2 , or na (indicating that the pro duct is

incomplete, but that the nadir-view 11.0 μ m c hannel has b een requested);

3. Byte 757 within the primary header con tains the c haracter 1 .

The nadir-view 11.0 μ m c hannel image is con tained within 512 records, eac h holding the brigh tness

temp eratures for one image scan, starting with the first scan. Eac h record is:

• 512 t w o-b yte nadir-view 11.0 μ m in teger brigh tness temp eratures (Kelvin/100).

The nadir-view 3.7/1.6 μ m c hannel image is presen t if:

1. The file-name extension is bt (the default);

2. The file-name extension includes the c haracters n3 , or na (indicating that the pro duct is

incomplete, but that the nadir-view 3.7/1.6 μ m c hannel has b een requested);

3. Byte 759 within the primary header con tains the c haracter 1 .

The nadir-view 3.7/1.6 μ m c hannel image is con tained within 512 records, eac h holding the brigh tness

temp eratures/reflectances for one image scan, starting with the first scan. Eac h record is:

• 512 t w o-b yte nadir-view 11.0 μ m in teger brigh tness temp eratures/reflectances (Kelvin/100 for

3.7 μ m, % reflectance/100 for 1.6 μ m).

F orw ard-view c hannel images follo w, and are formatted iden tically . The forw ard-view 12.0 μ m, 11.0 μ m,

and 3.7/1.6 μ m c hannel images are presen t if the file-name extension is bt , or if the extension includes

the c haracters fa (all forw ard-view c hannels presen t), f1 (12.0 μ m c hannel presen t), f2 (11.0 μ m c hannel

presen t), and f3 (3.7/1.6 μ m c hannel presen t). Alternativ ely , b ytes 761, 763 and 765 ma y b e used, as

ab o v e.

3.4.3 In terpretation of the 3.7 μ m/1.6 μ m image con ten ts

In order to minimise brigh tness temp erature image pro duct file sizes, 3.7 μ m brigh tness temp eratures

and 1.6 μ m reflectances are stored in the same records within pro duct files. This mak es go o d sense:

op eration of the instrumen t is suc h that data are receiv ed from only one of these detectors at an y one

time. It will alw a ys b e p ossible to distinguish 3.7 μ m from 1.6 μ m data b y the follo wing metho d:

• 3.7 μ m brigh tness temp erature v alues are in the range 19720 to 31882 (units of Kelvin/100;

range 197K to 318K);

• 1.6 μ m reflectance v alues are in the range 0 to 10000 (where 10000 represen ts 100% reflectance).

There are three cases:

1. Only the 3.7 μ m c hannel is presen t. This is the principal mo de of op eration during the

nigh t-time.

2. Only the 1.6 μ m c hannel is presen t. This is the principal mo de of op eration during the da y .

3. The 3.7 μ m and 1.6 μ m c hannels are b oth presen t, either in in terlea v ed mo de (3.7 μ m in o dd

pixels; 1.6 μ m in ev en pixels) or in threshold mo de (1.6 μ m presen t if reflectance threshold is

exceeded; 3.7 μ m otherwise). This mo de will mostly b e used at or near the terminator crossing.

3.5 Notes

• This pro duct w as redesigned for SADIST v ersion 500, and is unc hanged for v ersion 600.

• Within SADIST pro cessing, successiv e brigh tness temp erature image pro ducts ha v e a 12km

o v erlap. The along-trac k distance b et w een one image and the next is therefore 500km.

• 11.0 μ m brigh tness temp erature v alues are negated to sho w the presence of the blanking pulse

whic h, when set, indicates op eration of one of the activ e ERS-1 instrumen ts (SAR, Altimeter,

Scatterometer); when referencing the brigh tness temp erature itself, use the absolute v alue.

(Note that this situation c hanged in v ersion 500; previously , the 12.0 μ m c hannel w as negated

to sho w the presence of the blanking pulse.)

• Due to the undersampled nature of the A TSR forw ard view (371 pixels to fill 512 image pixels

across-trac k), a significan t n um b er of pixels remain unfilled after image geolo cation. (Though

there are 555 nadir-view pixels p er scan, a small n um b er of nadir-image pixels also remain

unfilled after geolo cation.) An y suc h pixels are “cosmetically” filled b y cop ying from the

spatially-nearest of their eigh t neigh b ours.

The 12.0 μ m and 11.0 μ m c hannel images are alw a ys filled in this w a y . Unfilled pixels within

the 3.7 μ m/1.6 μ m image are filled using the c hannel of the nearest neigh b ouring pixel.

12.0 μ m brigh tness temp erature v alues are negated to indicate whic h pixels ha v e b een

“cosmetically” filled. When the brigh tness temp erature is negativ e, cosmetic filling has b een

emplo y ed. When referencing the brigh tness temp erature, use the absolute v alue.

• Exceptional v alues within the brigh tness temp erature image pro duct are describ ed in table 7.

P arameter V alue Reason

Solar angles (header)

-999 Image incomplete, and solar angles at cen tre of image could

not b e deriv ed

Brigh tness temp erature/

-1 Channel not presen t within telemetered data (since the 3.7 μ m

reflectance and 1.6 μ m c hannels are no w merged within the same images,

this is exp ected to b e a rare o ccurrence), or pixel could not

b e “cosmetically” filled due to absence of appropriate

neigh b ouring pixel

Brigh tness temp erature/

0 No data a v ailable, due to break in con tin uit y of do wnlink ed

reflectance data or absence of signal in this c hannel

Brigh tness temp erature

1 (in 11.0 μ m c hannel) Channel not presen t within telemetered

data, and blanking pulse presen t (i.e. -1 * -1)

Brigh tness temp erature

1 (in 12.0 μ m c hannel) Channel not presen t within telemetered

data, and pixel cosmetically filled (i.e. -1 * -1)

T able 7: Brigh tness temp erature image pro duct exceptional v alues

3.6 Sample co de

The follo wing sample V AX C co de demonstrates ho w the brigh tness temp erature image pro duct migh t

b e read. It assumes that the short t yp e is a t w o-b yte in teger, and that the long t yp e is a four-b yte

in teger.

/*------------------------------------------------------- --------*/

#include <file.h>

#include <string.h>

#include <unixio.h>

/*------------------------------------------------------- --------*/

struct{

char file_name[46];

char node_time[15];

char node_x_coord[12]; char node_y_coord[12]; char node_z_coord[12];

char node_x_velocity[10]; char node_y_velocity[10]; char node_z_velocity[10];

char image_time[21];

char node_time_text[21];

char ssp_lat[10]; char ssp_lon[10]; char asc_node_lon[10];

char along_track_distance[6];

char state_vector_source[20];

char nadir_elevations[11][8]; char nadir_elev_diff[11][8]; char nadir_azim_diff[11][8];

char frwrd_elevations[11][8]; char frwrd_elev_diff[11][8]; char frwrd_azim_diff[11][8];

char geoloc_present[2];

char nad_1_present[2]; char nad_2_present[2]; char nad_3_present[2];

char for_1_present[2]; char for_2_present[2]; char for_3_present[2];

char cooler_tip_temp[8];

char detector_temps[4][8];

char unused[217];

} primary_header;

/*------------------------------------------------------- --------*/

unsigned char secondary_header[1024];

unsigned char offsets_record[1024], nadir_xy_offsets[512][512], frwrd_xy_offsets[512][512];

short nadir_chan_1[512][512], nadir_chan_2[512][512], nadir_chan_3[512][512];

frwrd_chan_1[512][512], frwrd_chan_2[512][512], frwrd_chan_3[512][512];

float latitude[512][512], longitude[512][512];

long geoloc_record[256];

/*------------------------------------------------------- --------*/

main()

{

                                                                                       int bt_file, scan_loop, pixel_loop;

                                                                                       bt_file = open("cohen$303251725_25000_30325_x600.bt", O_RDONLY, 0, "rfm = fix", "mrs = 1024");

                                                                                       read(bt_file, (void *) &primary_header, 1024);

                                                                                       read(bt_file, (void *) secondary_header, 1024);

                                                                                       if (strncmp(geoloc_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 512; scan_loop++)

{

read(bt_file, (void *) geoloc_record, 1024);

for (pixel_loop = 0; pixel_loop < 256; pixel_loop++)

latitude[scan_loop][pixel_loop] = (float) geoloc_record[pixel_loop] / 1000.0;

read(bt_file, (void *) geoloc_record, 1024);

for (pixel_loop = 0; pixel_loop < 256; pixel_loop++)

latitude[scan_loop][pixel_loop + 256] = (float) geoloc_record[pixel_loop] / 1000.0;

}

for (scan_loop = 0; scan_loop < 512; scan_loop++)

{

read(bt_file, (void *) geoloc_record, 1024);

for (pixel_loop = 0; pixel_loop < 256; pixel_loop++)

longitude[scan_loop][pixel_loop] = (float) geoloc_record[pixel_loop] / 1000.0;

read(bt_file, (void *) geoloc_record, 1024);

for (pixel_loop = 0; pixel_loop < 256; pixel_loop++)

longitude[scan_loop][pixel_loop + 256] = (float) geoloc_record[pixel_loop] / 1000.0;

}

for (scan_loop = 0; scan_loop < 512; scan_loop += 2)

{

read(bt_file, (void *) offsets_record, 1024);

for (pixel_loop = 0; pixel_loop < 512; pixel_loop++)

{

nadir_xy_offsets[scan_loop][pixel_loop] = offsets_record[pixel_loop];

nadir_xy_offsets[scan_loop + 1][pixel_loop] = offsets_record[pixel_loop + 512];

}

}

for (scan_loop = 0; scan_loop < 512; scan_loop += 2)

{

read(bt_file, (void *) offsets_record, 1024);

for (pixel_loop = 0; pixel_loop < 512; pixel_loop++)

{

frwrd_xy_offsets[scan_loop][pixel_loop] = offsets_record[pixel_loop];

frwrd_xy_offsets[scan_loop + 1][pixel_loop] = offsets_record[pixel_loop + 512];

}

}

                                                                                       }

                                                                                       if (strncmp(nad_1_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 512; scan_loop++)

read(bt_file, (void *) nadir_chan_1[scan_loop], 1024);

                                                                                       }

                                                                                       if (strncmp(nad_2_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 512; scan_loop++)

read(bt_file, (void *) nadir_chan_2[scan_loop], 1024);

                                                                                       }

                                                                                       if (strncmp(nad_3_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 512; scan_loop++)

read(bt_file, (void *) nadir_chan_3[scan_loop], 1024);

                                                                                       }

                                                                                       if (strncmp(for_1_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 512; scan_loop++)

read(bt_file, (void *) frwrd_chan_1[scan_loop], 1024);

                                                                                       }

                                                                                       if (strncmp(for_2_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 512; scan_loop++)

read(bt_file, (void *) frwrd_chan_2[scan_loop], 1024);

                                                                                       }

                                                                                       if (strncmp(for_3_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 512; scan_loop++)

read(bt_file, (void *) frwrd_chan_3[scan_loop], 1024);

                                                                                       }

                                                                                       close(bt_file);

}

/*------------------------------------------------------- --------*/

The follo wing sample IDL co de demonstrates ho w the brigh tness temp erature image pro duct migh t

b e read.

;/*------------------------------------------------------ ----------*/

primary_head = { file_name: bytarr(46), node_time: bytarr(15), $

node_x_coord: bytarr(12), node_y_coord: bytarr(12), node_z_coord: bytarr(12), $

node_x_velocity: bytarr(10), node_y_velocity: bytarr(10), node_z_velocity: bytarr(10), $
image_time: bytarr(21), node_time_text: bytarr(21), $

ssp_lat: bytarr(10), ssp_lon: bytarr(10), asc_node_lon: bytarr(10), $

along_track_distance: bytarr(6), state_vector_source: bytarr(20), $

nad_elevs: bytarr(8, 11), nad_elev_diff: bytarr(8, 11), nad_azim_diff: bytarr(8, 11), $

frw_elevs: bytarr(8, 11), frw_elev_diff: bytarr(8, 11), frw_azim_diff: bytarr(8, 11), $

geoloc_present: bytarr(2), $

nad_1_present: bytarr(2), nad_2_present: bytarr(2), nad_3_present: bytarr(2), $

for_1_present: bytarr(2), for_2_present: bytarr(2), for_3_present: bytarr(2), $

cooler_tip_temp: bytarr(8), detector_temps: bytarr(8, 4), unused: bytarr(217) }

secondary_head = bytarr(1024)

nad_chan_1 = intarr(512, 512)

nad_chan_2 = intarr(512, 512)

nad_chan_3 = intarr(512, 512)

for_chan_1 = intarr(512, 512)

for_chan_2 = intarr(512, 512)

for_chan_3 = intarr(512, 512)

grid_line = lonarr(256)

offsets_line = bytarr(1024)

temp_line = intarr(512)

lat_grid = fltarr(512, 512)

lon_grid = fltarr(512, 512)

;/*------------------------------------------------------ ----------*/

openr, 1, ’cohen$303251725_25000_30325_x600.bt’, /fixed, 1024

readu, 1, primary_head

readu, 1, secondary_head

if (fix(string(primary_head.geoloc_present)) eq 1) then begin

                                                                                       for lat_loop = 0, 511 do begin

readu, 1, grid_line

lat_grid(0, lat_loop) = float(grid_line) / 1000.0

readu, 1, grid_line

lat_grid(256, lat_loop) = float(grid_line) / 1000.0

                                                                                       endfor

                                                                                       for lon_loop = 0, 511 do begin

readu, 1, grid_line

lon_grid(0, lon_loop) = float(grid_line) / 1000.0

readu, 1, grid_line

lon_grid(256, lon_loop) = float(grid_line) / 1000.0

                                                                                       endfor

                                                                                       for offsets_loop = 0, 511 do begin

readu, 1, offsets_line

                                                                                       endfor

endif
if (fix(string(primary_head.nad_1_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 511 do begin

readu, 1, temp_line

nad_chan_1(0, temp_loop) = temp_line

                                                                                       endfor

endif

if (fix(string(primary_head.nad_2_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 511 do begin

readu, 1, temp_line

nad_chan_2(0, temp_loop) = temp_line

                                                                                       endfor

endif

if (fix(string(primary_head.nad_3_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 511 do begin

readu, 1, temp_line

nad_chan_3(0, temp_loop) = temp_line

                                                                                       endfor

endif

if (fix(string(primary_head.for_1_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 511 do begin

readu, 1, temp_line

for_chan_1(0, temp_loop) = temp_line

                                                                                       endfor

                            endif

if (fix(string(primary_head.for_2_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 511 do begin

readu, 1, temp_line

for_chan_2(0, temp_loop) = temp_line

                                                                                       endfor

endif

if (fix(string(primary_head.for_3_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 511 do begin

readu, 1, temp_line

for_chan_3(0, temp_loop) = temp_line

                                                                                       endfor
endif

end

;/*------------------------------------------------------ ----------*/

4 Sea-surface temp erature image pro duct (SST)

4.1 General description

The sea-surface temp erature image pro duct consists of a 512 * 512km geolo cated, collo cated sea-

surface temp erature image, at a 1km resolution, with precise pixel latitudes/longitudes and asso ciated

pro cessing and confidence information.

The pro duct con tains:

• Primary header;

• Secondary header;

• 2048 records con taining precise pixel lo cations;

• 512 records con taining x/y offsets of true pixel cen tres from their implied image p ositions;

• 512 records con taining a 512 * 512km image of deriv ed sea-surface temp erature;

• 512 records con taining pro cessing and confidence information.

The data are collo cated and geolo cated.

The image x-co ordinate is the across-trac k direction, and the y-co ordinate is the along-trac k

direction. The along-trac k direction at an y p oin t around the orbit is defined to b e parallel to the

v elo cit y v ector of the sub-satellite p oin t relativ e to a fixed Earth. The across-trac k co ordinate is

then measured along the Great Circle orthogonal to the sub-satellite trac k. F rom these definitions,

it is clear that the along- and across-trac k directions v ary considerably around the orbit, and do not

conserv e an y particular alignmen t with parallels or meridians.

This pro duct has a fixed-length 1024-b yte record format; it has 3586 records, con taining 3672064

b ytes.

4.2 Primary header

The primary header for this pro duct is a single 1024-b yte record, whose con ten ts are wholly ASCI I

text. See table 8, and section 3.2, for a full description of this header.

4.3 Secondary header

The secondary header for this pro duct is a single 1024-b yte record. No con v en tion exists for the use

of the secondary header.

4.4 Pro duct format

4.4.1 Pixel geolo cation & x/y offsets

Pixel geolo cation o ccupies 2560 records. The first 1024 records con tain precise pixel latitude (geo detic)

v alues; the next 1024 records con tain precise pixel longitude v alues; the final 512 records con tain

comp osite pixel x/y offsets. Pro vision of x and y offsets of pixels from the cen tres of the image pixels

to whic h they ha v e b een assigned increases the precision with whic h pixel across- and along-trac k

co ordinates ma y b e kno wn,

The pixel latitudes for eac h image scan—starting at scan 0, the first scan—are split b et w een t w o

consecutiv e records, eac h con taining precise latitudes for 256 pixels. The t w o records are:

• 256 four-b yte in teger geo detic latitudes (degrees/1000) for pixels 0 to 255;

Byte range P arameter description T yp e Unit

0 – 45

Pro duct file-name (as describ ed b y app endix A) Character None

46 – 60

Ascending no de time (da ys since Jan uary 1st, 1950) Real Da ys

61 – 72

Ascending no de state v ector x-co ordinate Real Km

73 – 84

Ascending no de state v ector y-co ordinate Real Km

85 – 96

Ascending no de state v ector z-co ordinate Real Km

97 – 106

Ascending no de state v ector x-v elo cit y Real Km/sec

107 – 116

Ascending no de state v ector y-v elo cit y Real Km/sec

117 – 126

Ascending no de state v ector z-v elo cit y Real Km/sec

127 – 147

Image acquisition time Character None

148 – 168

Univ ersal time at ascending no de Character None

169 – 178

Latitude (geo detic) of sub-satellite p oin t at time of image start Real Degrees

179 – 188

Longitude of sub-satellite p oin t at time of image start Real Degrees

189 – 198

Longitude of the ascending no de Real Degrees

199 – 204

Along-trac k distance of first line of image In teger Km

205 – 224

Source of ERS-1 state v ector used b y orbit propagation Character None

225 – 312

Solar elev ations at 11 p oin ts along cen tral nadir scan 11 * Real Degrees

313 – 400

Pixel-to-sun/pixel-to-ERS1 elev ation differences at 11 * Real Degrees

11 p oin ts along cen tral nadir scan

401 – 488

ERS1-to-sun/ERS1-to-pixel azim uth differences at 11 * Real Degrees

11 p oin ts along cen tral nadir scan

489 – 576

Solar elev ations at 11 p oin ts along cen tral forw ard scan 11 * Real Degrees

577 – 664

Pixel-to-sun/pixel-to-ERS1 elev ation differences at 11 * Real Degrees

11 p oin ts along cen tral forw ard scan

665 – 752

ERS1-to-sun/ERS1-to-pixel azim uth differences at 11 * Real Degrees

11 p oin ts along cen tral forw ard scan

753 – 766

Un used None None

767 – 774

Co oler cold-tip temp erature Real Kelvin

775 – 782

12.0 μ m detector temp erature Real Kelvin

783 – 790

11.0 μ m detector temp erature Real Kelvin

791 – 798

3.7 μ m detector temp erature Real Kelvin

799 – 806

1.6 μ m detector temp erature Real Kelvin

807 – 1023

Un used None None

T able 8: Sea-surface temp erature image 1024-b yte primary header

• 256 four-b yte in teger geo detic latitudes (degrees/1000) for pixels 256 to 511.

The pixel longitudes for eac h image scan—starting at scan 0, the first scan—are split b et w een t w o

consecutiv e records, eac h con taining precise longitudes for 256 pixels. The t w o records are:

• 256 four-b yte in teger longitudes (degrees/1000) for pixels 0 to 255;

• 256 four-b yte in teger longitudes (degrees/1000) for pixels 256 to 511.

Unlik e the pixel geolo cation latitude/longitude information, pixel x/y offsets are pro vided separately

for nadir and forw ard views; differences of scan geometry within the t w o A TSR views mak es this

necessary . The first 256 records con tain offsets for nadir view pixels; the follo wing 256 records con tain

offsets for forw ard view pixels. Eac h pixel x/y offset record con tains offsets for t w o consecutiv e image

scans. Eac h record is:

• 512 one-b yte pixel x/y offsets for all pixels within scan n um b er n ; and

• 512 one-b yte pixel x/y offsets for all pixels within scan n um b er n + 1.

Eac h one-b yte pixel x/y offset con tains an x-offset (that is, an offset in the across-trac k direction)

within the least significan t four bits, and a y-offset (that is, an offset in the along-trac k direction)

within the most significan t four bits. The range of p ossible v alues of eac h offset (0000 to 1111),

represen ts offsets from the cen tre of the image pixel of -0.46875km to 0.46875km, in steps of 0.0625km

(1/16km). Negativ e offsets represen t mo v emen t to w ards the left-hand sw ath edge (for x-offsets) or

against the direction of satellite motion (for y-offsets); p ositiv e offsets represen t mo v emen t to w ards

the righ t-hand sw ath-edge (for x-offsets) or with the direction of satellite motion (for y-offsets).

4.4.2 Sea-surface temp erature image

The follo wing 512 records within the pro duct con tain the sea-surface temp erature information. Eac h

record con tains v alues for the 512 pixels within a single across-trac k scan. Eac h record is:

• 512 t w o-b yte in teger deriv ed sea-surface temp eratures (Kelvin/100).

Ev ery pixel within the sea-surface temp erature image con tains a v alue. There are three cases:

The pixel is cloud-free. In this case, a dual-view sea-surface temp erature retriev al algorithm is

used. The 3.7 μ m c hannel brigh tness temp erature is used if and when it is presen t.

The pixel is cloudy . If only the forw ard view is cloudy , a nadir-only sea-surface temp erature

retriev al algorithm is used. If the nadir view is cloudy , or if b oth views are cloudy , a dual-view

sea-surface temp erature retriev al is used. This sc heme assumes that:

• If the pixel is truly cloudy , an y sea-surface temp erature deriv ation will b e equally in v alid;

• If, ho w ev er, the pixel is actually cloud-free (and has b een incorrectly iden tified as cloud),

the algorithm used should attempt to retriev e the b est p ossible sea-surface temp erature.

The pixel is o v er land. Since deriv ation of a sea-surface temp erature o v er land is nonsense, and

the retriev al algorithm is v alid only o v er clear sea, no deriv ation tak es place. Suc h pixels

con tain simple 11.0 μ m brigh tness temp erature v alues.

Correct in terpretation of the v alue con tained within eac h pixel requires use of the pro cessing and

confidence w ord. The cloud and land flags (bits 0 and 2) ma y b e used to retriev e the state of eac h

pixel; the forw ard-view-used and 3.7 μ m-used flags (bits 8 and 11) indicate the sea-surface temp erature

retriev al algorithm used in eac h case.

Note that deriv ation of sea-surface temp eratures requires the presence of the nadir-view 12.0 μ m

and 11.0 μ m brigh tness temp eratures. If either or b oth are missing, retriev al cannot tak e place, and

sea-surface temp erature v alues of -1 are returned.

4.4.3 Pro cessing and confidence information

The follo wing 512 records within the pro duct con tain the image pro cessing and confidence information.

Eac h record con tains v alues for the 512 pixels within a single across-trac k scan. T able 9 describ es the

con ten ts of the image pro cessing and confidence w ord. Eac h record is:

• 512 t w o-b yte in teger sea-surface temp erature image pro cessing and confidence w ords.

Bit n um b er

Meaning if set

0 (lsb)

Pixel is cloudy in nadir-view

1 Pixel is cloudy in forw ard-view

2 Pixel is o v er land

3 Un used

4 Un used

5 1.6 μ m c hannel presen t in source data

6 3.7 μ m c hannel presen t in source data

7 12.0 μ m c hannel presen t in source data

8 F orw ard view used in sea-surface temp erature deriv ation

9 1.6 μ m reflectance histogram cloud test used dynamic threshold

10 1.6 μ m reflectance histogram cloud test p erformed

11 3.7 μ m c hannel used in sea-surface temp erature deriv ation

12 1.6 μ m reflectance histogram cloud test detected sunglin t

13 Un used

14 Blanking pulse o ccurred during this pixel

15 (msb)

Sea-surface temp erature used cosmetically filled pixel in

either nadir or forw ard view

T able 9: Con ten ts of the sea-surface temp erature image pro cessing and confidence w ord

4.5 Notes

• Precise latitude/longitude for eac h pixel w as new to v ersion 500; the primary header w as

rev amp ed. This pro duct is unc hanged for v ersion 600.

• Successiv e sea-surface temp erature image pro ducts ha v e a 12km o v erlap. The along-trac k

distance b et w een one image and the next is therefore 500km.

• The 3.7 μ m c hannel is used within sea-surface temp erature deriv ation only during p erio ds of

full darkness (solar elev ation less than -5 degrees). Use of the 3.7 μ m c hannel during the

da ytime is precluded b ecause of the large con tribution to the signal b y solar radiation

scattered in to the line of sigh t. This effect is not, of course, presen t in the 11.0 μ m and 12.0 μ m

c hannels, at whic h w a v elengths the solar sp ectrum is v ery m uc h w eak er.

• Note that the nadir and forw ard views are com bined b y selecting pixels from the nadir and

forw ard images whic h ha v e the same x and y image co ordinates. This do es not guaran tee that

the selected collo cated pixels are the spatially-nearest matc h. In the w orst case, a collo cation

error of 1.4km will exist for a forw ard/nadir pixel pair. Although this is less than the 3.0km

collo cation error whic h w ould result from a w orst-case pitc h/y a w p oin ting error of 0.13

degrees, it is still significan t and should b e understo o d when making use of the sea-surface

temp erature image pro duct.

• Exceptional v alues within the sea-surface temp erature image pro duct are describ ed in table 10.

P arameter

V alue Reason

Solar angles (header)

-999 Image incomplete, and solar angles at cen tre of image

could not b e deriv ed

Sea-surface temp erature

-1 12.0 μ m or 11.0 μ m brigh tness temp erature una v ailable

T able 10: Sea-surface temp erature image pro duct exceptional v alues

4.6 Sample co de

The follo wing sample V AX C co de demonstrates ho w the sea-surface temp erature image pro duct

migh t b e read. It assumes that the short t yp e is a t w o-b yte in teger, and that the long t yp e is a

four-b yte in teger.

/*------------------------------------------------------- --------*/

#include <file.h>

#include <unixio.h>

/*------------------------------------------------------- --------*/

struct sst_confidence{

int nadir_cloudy: 1;

int frwrd_cloudy: 1;

int land: 1;

int unused1: 1;

int unused2: 1;

int chan_4_present: 1;

int chan_3_present: 1;

int chan_1_present: 1;

int forward_used: 1;

int dynamic_thresh: 1;

int cc_used_chan_4: 1;

int sst_used_chan_3: 1;

int sunglint: 1;

int unused3: 1;

int blanking_pulse: 1;

int cosmetic: 1;

};

struct{

char file_name[46];

char node_time[15];

char node_x_coord[12]; char node_y_coord[12]; char node_z_coord[12];

char node_x_velocity[10]; char node_y_velocity[10]; char node_z_velocity[10];

char image_time[21];

char node_time_text[21];

char ssp_lat[10]; char ssp_lon[10]; char asc_node_lon[10];

char along_track_distance[6];

char state_vector_source[20];

char nadir_elevations[11][8]; char nadir_elev_diff[11][8]; char nadir_azim_diff[11][8];

char frwrd_elevations[11][8]; char frwrd_elev_diff[11][8]; char frwrd_azim_diff[11][8];

char unused1[14];

char cooler_tip_temp[8];

char detector_temps[4][8];

char unused2[217];

} primary_header;

/*------------------------------------------------------- --------*/

unsigned char secondary_header[1024];

unsigned char offsets_record[1024], nadir_xy_offsets[512][512], frwrd_xy_offsets[512][512];

short sst_image[512][512];

float latitude[512][512], longitude[512][512];

long geoloc_record[256];

struct sst_confidence confidence[512][512];

/*------------------------------------------------------- --------*/

main()

{

                                                                                       int sst_file, scan_loop, pixel_loop;

                                                                                       sst_file = open("wilson$303251725_25000_30325_x600.sst", O_RDONLY, 0, "rfm = fix", "mrs = 1024");

                                                                                       read(counts_file, (void *) &primary_header, 1024);

                                                                                       read(counts_file, (void *) secondary_header, 1024);

                                                                                       for (scan_loop = 0; scan_loop < 512; scan_loop++)

                                                                                       {

read(sst_file, (void *) geoloc_record, 1024);

for (pixel_loop = 0; pixel_loop < 256; pixel_loop++)

latitude[scan_loop][pixel_loop] = (float) geoloc_record[pixel_loop] / 1000.0;

read(sst_file, (void *) geoloc_record, 1024);

for (pixel_loop = 0; pixel_loop < 256; pixel_loop++)

latitude[scan_loop][pixel_loop + 256] = (float) geoloc_record[pixel_loop] / 1000.0;

                                                                                       }

                                                                                       for (scan_loop = 0; scan_loop < 512; scan_loop++)

                                                                                       {

read(sst_file, (void *) geoloc_record, 1024);

for (pixel_loop = 0; pixel_loop < 256; pixel_loop++)

longitude[scan_loop][pixel_loop] = (float) geoloc_record[pixel_loop] / 1000.0;

read(sst_file, (void *) geoloc_record, 1024);

for (pixel_loop = 0; pixel_loop < 256; pixel_loop++)

longitude[scan_loop][pixel_loop + 256] = (float) geoloc_record[pixel_loop] / 1000.0;

                                                                                       }

                                                                                       for (scan_loop = 0; scan_loop < 512; scan_loop += 2)

                                                                                       {

read(sst_file, (void *) offsets_record, 1024);

for (pixel_loop = 0; pixel_loop < 512; pixel_loop++)

{

nadir_xy_offsets[scan_loop][pixel_loop] = offsets_record[pixel_loop];

nadir_xy_offsets[scan_loop + 1][pixel_loop] = offsets_record[pixel_loop + 512];

}

                                                                                       }

                                                                                       for (scan_loop = 0; scan_loop < 512; scan_loop += 2)

                                                                                       {

read(sst_file, (void *) offsets_record, 1024);

for (pixel_loop = 0; pixel_loop < 512; pixel_loop++)

{

frwrd_xy_offsets[scan_loop][pixel_loop] = offsets_record[pixel_loop];

frwrd_xy_offsets[scan_loop + 1][pixel_loop] = offsets_record[pixel_loop + 512];

}

                                                                                       }

                                                                                       for (scan_loop = 0; scan_loop < 512; scan_loop++)

read(sst_file, (void *) sst_image[scan_loop], 1024);

                                                                                       for (scan_loop = 0; scan_loop < 512; scan_loop++)

read(sst_file, (void *) confidence[scan_loop], 1024);

                                                                                       close(sst_file);

}

/*------------------------------------------------------- --------*/

The follo wing sample IDL co de demonstrates ho w the sea-surface temp erature image pro duct migh t

b e read.

;/*------------------------------------------------------ --------*/

primary_head = { file_name: bytarr(46), node_time: bytarr(15), $

node_x_coord: bytarr(12), node_y_coord: bytarr(12), node_z_coord: bytarr(12), $

node_x_velocity: bytarr(10), node_y_velocity: bytarr(10), node_z_velocity: bytarr(10), $

image_time: bytarr(21), node_time_text: bytarr(21), $

ssp_lat: bytarr(10), ssp_lon: bytarr(10), asc_node_lon: bytarr(10), $

along_track_distance: bytarr(6), state_vector_source: bytarr(20), $

nad_elevs: bytarr(8, 11), nad_elev_diff: bytarr(8, 11), nad_azim_diff: bytarr(8, 11), $

frw_elevs: bytarr(8, 11), frw_elev_diff: bytarr(8, 11), frw_azim_diff: bytarr(8, 11), $

unused1: bytarr(14),

cooler_tip_temp: bytarr(8), detector_temps: bytarr(8, 4), unused2: bytarr(217) }

secondary_head = bytarr(1024)

sst_image = intarr(512, 512)

flags = intarr(512, 512)

grid_line = lonarr(256)

offsets_line = bytarr(1024)

temp_line = intarr(512)

lat_grid = fltarr(512, 512)

lon_grid = fltarr(512, 512)

;/*------------------------------------------------------ --------*/

openr, 1, ’wilson$303251725_25000_30325_x600.sst’, /fixed, 1024

readu, 1, primary_head

readu, 1, secondary_head
for lat_loop = 0, 511 do begin

                                                                                       readu, 1, grid_line

                                                                                       lat_grid(0, lat_loop) = float(grid_line) / 1000.0

                                                                                       readu, 1, grid_line

                                                                                       lat_grid(256, lat_loop) = float(grid_line) / 1000.0

endfor

for lon_loop = 0, 511 do begin

                                                                                       readu, 1, grid_line

                                                                                       lon_grid(0, lon_loop) = float(grid_line) / 1000.0

                                                                                       readu, 1, grid_line

                                                                                       lon_grid(256, lon_loop) = float(grid_line) / 1000.0

endfor

for offsets_loop = 0, 511 do begin

                                                                                       readu, 1, offsets_line

endfor

for temp_loop = 0, 511 do begin

                                                                                       readu, 1, temp_line

                                                                                       sst_image(0, temp_loop) = temp_line

endfor

for temp_loop = 0, 511 do begin

                                                                                       readu, 1, temp_line

                                                                                       flags(0, temp_loop) = temp_line

endfor

end

;/*------------------------------------------------------ --------*/

5 Spatially-a v eraged sea-surface temp erature pro duct (ASST)

5.1 General description

The spatially-a v eraged sea-surface temp erature pro duct con tains half-degree spatially-a v eraged sea-

surface temp eratures, with asso ciated p ositional and confidence information.

The pro duct has neither primary nor secondary headers; it con tains spatially-a v eraged sea-surface

temp eratures deriv ed from up to a complete file of A TSR ra w data (whic h ma y in most circumstances

b e considered to b e equiv alen t to one ERS-1 orbit).

This pro duct has a fixed-length 32-b yte record format; it has a v ariable length, though the largest

v olume of A TSR ra w data whic h can con tribute to a single spatially-a v eraged sea-surface temp erature

pro duct (appro ximately one orbit) places an upp er limit on the pro duct size.

5.2 Spatially-a v eraged sea-surface temp erature deriv ation

Deriv ation of half-degree spatially-a v eraged sea-surface temp eratures is a t w o-stage pro cess. The first

stage is carried out at a ten-arcmin ute resolution: there are nine ten-arcmin ute cells within eac h

half-degree cell. Single-pixel brigh tness temp eratures are com bined in to ten-arcmin ute totals, whose

means are deriv ed. The deriv ed ten-arcmin ute mean brigh tness temp eratures in all a v ailable c hannels

and views are then used within the sea-surface retriev al algorithm to obtain deriv ed ten-arcmin ute

sea-surface temp eratures.

The second stage in v olv es com bination of the a v ailable (up to nine) ten-arcmin ute sea-surface

temp eratures to obtain a half-degree (thirt y-arcmin ute) sea-surface temp erature.

No w, dep ending up on the distribution of cloud within the forw ard and nadir views, and the a v ail-

abilit y of the 12.0 μ m, 11.0 μ m, and 3.7 μ m brigh tness temp eratures (for example, the 3.7 μ m c hannel

is normally not a v ailable during the da y-time), the deriv ed ten-arcmin ute sea-surface temp eratures

whic h con tribute to a half-degree sea-surface temp erature ma y ha v e differen t c haracteristics. One

of the problems to b e addressed in the ev aluation of this pro duct is that of whic h com bination of

a v ailable ten-arcmin ute sea-surface temp eratures giv es the most accurate represen tation of the true

temp erature. Should only those ten-arcmin ute sea-surface temp eratures whic h w ere deriv ed using

dual-view retriev al b e included? Giv en that the spatial co v erage will b e impro v ed, should w e also

include ten-arcmin ute sea-surface temp eratures whic h used only nadir-view data?

With the aim of enabling b etter analysis to b e p erformed, the spatially-a v eraged sea-surface tem-

p erature pro duct con tains three deriv ed sea-surface temp eratures for eac h half-degree cell:

1. A half-degree sea-surface temp erature using those ten-arcmin ute cells whose sea-surface

temp eratures w ere deriv ed using only nadir-view data;

2. A half-degree sea-surface temp erature using only those ten-arcmin ute cells whose sea-surface

temp eratures w ere deriv ed using nadir- and forw ard-view data;

3. A half-degree sea-surface temp erature using the b est a v ailable ten-arcmin ute cell sea-surface

temp erature in eac h case; that is, using nadir/forw ard-view deriv ed sea-surface temp eratures if

a v ailable, and nadir-only sea-surface temp eratures otherwise.

Note that the first and second sea-surface temp eratures w ere new to SADIST v ersion 500. The third

sea-surface temp erature is equiv alen t to that pro vided with pre-500 v ersions: if it w as deriv ed using

no dual-view ten-arcmin ute cell sea-surface temp eratures, it will b e the same as the first (nadir-

only) sea-surface temp erature; if it w as deriv ed using only dual-view ten-arcmin ute cell sea-surface

temp eratures, it will b e the same as the second (dual-only) sea-surface temp erature.

Asso ciated with eac h of the three sea-surface temp eratures within the pro duct is a standard

deviation. This is the ro ot-mean-square deviation of the differences of con tributing ten-arcmin ute

sea-surface temp eratures from the mean of suc h temp eratures.

Also pro vided is a single v alue con taining the mean difference b et w een deriv ed nadir-only and

nadir/forw ard-view deriv ed sea-surface temp eratures for the ten-arcmin ute cells within the half-degree

cell.

5.3 Pro duct format

The con ten ts of eac h 32-b yte pro duct record are sho wn in table 11.

Byte range

P arameter description T yp e Unit

0 – 3

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

4 – 7

Time of data (seconds within curren t da y) In teger Seconds

8 – 9

Latitude (geo cen tric) of half-degree cell In teger Cell

10 – 11

Longitude of half-degree cell In teger Cell

12 – 13

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

14 – 15

Nadir-only spatially-a v eraged sea-surface temp erature In teger K/100

16 – 17

Standard deviation of ten-arcmin ute sea-surface In teger K/100

temp eratures con tributing to nadir-only spatially-a v eraged

sea-surface temp erature

18 – 19

Dual-only spatially-a v eraged sea-surface temp erature In teger K/100

20 – 21

Standard deviation of ten-arcmin ute sea-surface In teger K/100

temp eratures con tributing to dual-only spatially-a v eraged

sea-surface temp erature

22 – 23

Mixed nadir/dual spatially-a v eraged sea-surface temp erature In teger K/100

24 – 25

Standard deviation of ten-arcmin ute sea-surface In teger K/100

temp eratures con tributing to mixed nadir/dual

spatially-a v eraged sea-surface temp erature

26 – 27

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

sea-surface temp eratures

28 – 31

Confidence w ord asso ciated with spatially-a v eraged None None

sea-surface temp erature deriv ation

T able 11: Spatially-a v eraged sea-surface temp erature pro duct record

Time of data. The in teger v alue con taining the n um b er of da ys since Jan uary 1st, 1950, do es not

include the curren t, incomplete da y . Note that the time used within eac h record is the time of

the first A TSR nadir-view scan within the orbit to con tribute to the spatially-a v eraged

sea-surface temp erature deriv ation. The v ariable nature of cloud-co v er mak es it imp ossible to

predict the p osition 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 appro 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 degrees South to 89.5

degrees South; latitude cell n um b er 359 extends from 89.5 degrees North to 90 degrees North.

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

l atitude = (( l at cel l num − 180 . 0) / 2 . 0) + 0 . 25.

In common with the other spatially-a v eraged pro ducts (ALST, A CLOUD), the latitudes whic h

are implied b y the pro duct cell n um b ers are ge o c entric . The latitudes pro vided with image

pro ducts, and within pro duct headers, are ge o detic . This is discussed in section 1.5.

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 degrees W est to 180

degrees East, in the range 0 to 719. Longitude cell n um b er 0 extends from 180 degrees W est to

179.5 degrees W est; longitude cell n um b er 719 extends from 179.5 degrees East to 180 degrees

East. 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 (n um b ered 0 to 4) are symmetric

ab out the ground-trac k. Eac h band is 50km wide (except the fifth, whic h is 62km wide, and

extends to the edge of the sw ath).

Nadir-only SST and SD. These are the mean and ro ot-mean-square deviation of ten-arcmin ute

cell sea-surface temp eratures deriv ed using only nadir-view data. Note that the standard

deviation is -1 if few er than 3 ten-arcmin ute cells con tributed.

Dual-only SST and SD. These are the mean and ro ot-mean-square deviation of ten-arcmin ute

cell sea-surface temp eratures deriv ed using nadir- and forw ard-view data. Note that the

sea-surface temp erature is -1 if dual-view retriev al w as not p ossible for an y ten-arcmin ute cell,

and that the standard deviation is -1 if few er than 3 ten-arcmin ute cells con tributed.

Mixed SST and SD. These are the mean and ro ot-mean-square deviation of ten-arcmin ute cell

sea-surface temp eratures deriv ed using the b est a v ailable com bination of nadir- and

forw ard-view data. Note that the standard deviation is -1 if few er than 3 ten-arcmin ute cells

con tributed. If no ten-arcmin ute cells used dual-view retriev al, these v alues will b e iden tical to

the nadir-only sea-surface temp erature and standard deviation.

Mean view-difference. This is the mean difference b et w een the ten-arcmin ute cell sea-surface

temp eratures deriv ed using dual-view and nadir-only retriev al algorithms. This v alue is -1 if

no dual-view retriev al w as p ossible.

Confidence w ord. T able 12 describ es the con ten ts of the spatially-a v eraged sea-surface

temp erature 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 appropriate c haracteristic.

Bits 9 to 12 con tain the n um b er of ten-arcmin ute cell sea-surface temp eratures con tributing to

the nadir-only half-degree sea-surface temp erature, and (the n um b er is necessarily the same)

to the mixed nadir-only/dual-view half-degree sea-surface temp erature.

Bits 13 to 16 con tain the n um b er of ten-arcmin ute cell sea-surface temp eratures con tributing

to the dual-only half-degree sea-surface temp erature. This n um b er ma y b e zero.

Bit n um b er(s) Meaning if set

0 (lsb)

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 sea-surface temp erature retriev al

8 Sea-surface temp erature 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 (msb)

Un used

T able 12: Spatially-a v eraged sea-surface temp erature pro duct confidence w ord

5.4 Notes

• The latitude and longitude cell n um b ers w ere split for v ersion 500; previously they w ere

com bined in to a single “half-degree cell n um b er”. The nadir-only and dual-only sea-surface

temp eratures w ere new to v ersion 500. The mixed sea-surface temp erature is equiv alen t to the

(only) sea-surface temp erature v alue pro vided with pre-500 v ersions.

• This pro duct is unc hanged for v ersion 600.

• No explicit or implicit ordering of pro duct v alues ma y b e assumed. The Earth-lo cation m ust

b e deriv ed using the latitude and longitude information pro vided with eac h sea-surface

temp erature record.

• Exceptional v alues within the spatially-a v eraged sea-surface temp erature pro duct are

describ ed in table 13.

P arameter

V alue Reason

Dual-only sea-surface temp erature

-1 No ten-arcmin ute cells used a dual-view sea-surface

temp erature retriev al

Standard deviations

-1 F ew er than 3 ten-arcmin ute cells con tributed to the

half-degree spatially-a v eraged sea-surface temp erature

Mean view-difference

-1 No ten-arcmin ute cells used a dual-view sea-surface

temp erature retriev al

T able 13: Spatially-a v eraged sea-surface temp erature image pro duct exceptional v alues

5.5 Sample co de

The follo wing sample V AX C co de demonstrates ho w the spatially-a v eraged sea-surface temp erature

pro duct migh t b e read. It assumes that the short t yp e is a t w o-b yte in teger, and that the long t yp e

is a four-b yte in teger.

/*------------------------------------------------------- --------*/

#include <file.h>

#include <unixio.h>

/*------------------------------------------------------- --------*/

struct asst_confidence{

int chan_1_present: 1;

int chan_2_present: 1;

int chan_3_present: 1;

int chan_4_present: 1;

int histogram_done: 1;

int dynamic_thresh_used: 1;

int sunglint_found: 1;

int chan_3_used: 1;

int day_night: 1;

int nadir_only_x_arcmin_cells: 4;

int dual_only_x_arcmin_cells: 4;

int unused: 15;

};

struct half_degree_cell{

long day_number;

long secs_in_day;

short latitude;

short longitude;

short across_track_band;

short nadir_only_sst;

short nadir_only_deviation;

short dual_only_sst;

short dual_only_deviation;

short mixed_sst;

short mixed_deviation;

short mean_view_diff;

struct asst_confidence confidence;

};

/*------------------------------------------------------- --------*/

struct half_degree_cell cell_array[20000];

/*------------------------------------------------------- --------*/

main()

{

                                                                                       int asst_file, cell_loop = 0;

                                                                                       asst_file = open("charltonj$303251725_25000_30325_x600.asst", O_RDONLY, 0, "rfm = fix", "mrs = 32");

                                                                                       while (read(asst_file, (void *) &cell_array[cell_loop++], 32) == 32);

                                                                                       close(asst_file);

}

/*------------------------------------------------------- --------*/

The follo wing sample IDL co de demonstrates ho w the spatially-a v eraged sea-surface temp erature

pro duct migh t b e read.

;/*------------------------------------------------------ */

on_ioerror, end_of_file

nadir_map = intarr(720, 360)

dual_map = intarr(720, 360)

mixed_map = intarr(720, 360)

asst_rec = { file_record, time: lonarr(2), position: intarr(3), $

nadir_asst: intarr(2), dual_asst: intarr(2), mixed_asst: intarr(2), $

view_diff: intarr(1), confidence: lonarr(1) }

asst_stuff = replicate(asst_rec, 20000)

;/*------------------------------------------------------ */

openr, 1, ’charltonj$303251725_25000_30325_x600.asst’, /fixed, 32

asst_loop = 0

read_from_sadist_file:

readu, 1, asst_rec

nadir_map(asst_rec.position(1), asst_rec.position(0)) = asst_rec.nadir_asst(0)

dual_map(asst_rec.position(1), asst_rec.position(0)) = asst_rec.dual_asst(0)

mixed_map(asst_rec.position(1), asst_rec.position(0)) = asst_rec.mixed_asst(0)

asst_stuff(asst_loop) = asst_rec

asst_loop = asst_loop + 1

goto, read_from_sadist_file

end_of_file:

close, 1

end

;/*------------------------------------------------------ */

6 Brigh tness temp erature bro wse image pro duct (BR O WSE)

6.1 General description

The brigh tness temp erature bro wse image pro duct con tains sub-sampled copies of some or all of

the 512 * 512km geolo cated, collo cated nadir and forw ard brigh tness temp erature images within a

brigh tness temp erature image pro duct, at a 4 km resolution, with appro ximate p ositional information.

The pro duct con tains:

• Primary header;

• Secondary header;

• 768 (optional) records con taining sub-sampled 512 * 512km images of calibrated brigh tness

temp erature/reflectance from the A TSR/IR detectors in b oth nadir and forw ard views.

The data are collo cated and geolo cated, although only a small amoun t of pixel p ositional information

is pro vided within the pro duct.

The image x-co ordinate is the across-trac k direction, and the y-co ordinate is the along-trac k

direction. The along-trac k direction at an y p oin t around the orbit is defined to b e parallel to the

v elo cit y v ector of the sub-satellite p oin t relativ e to a fixed Earth. The across-trac k co ordinate is

then measured along the Great Circle orthogonal to the sub-satellite trac k. F rom these definitions,

it is clear that the along- and across-trac k directions v ary considerably around the orbit, and do not

conserv e an y particular alignmen t with parallels or meridians.

This pro duct has a fixed-length 256-b yte record format; it has a maxim um size of 770 records,

con taining 197120 b ytes.

6.2 Primary header

The primary header for this pro duct is a single 256-b yte record, whose con ten ts are wholly ASCI I

text. See table 14 for a full description of this header.

The latitude and longitude v alues pro vided in the primary header can b e seen to define the p ositions

of the image corner-p oin ts. Note that the extension to the file-name ma y b e used to determine the

pro duct con ten ts.

6.3 Secondary header

The secondary header for this pro duct is a single 256-b yte record. No con v en tion exists for the use of

the secondary header.

6.4 Pro duct format

Apart from the primary and secondary headers, the con ten ts of the brigh tness temp erature bro wse

image pro duct are wholly optional. The extension to the pro duct file-name indicates whic h data are

con tained, as do b ytes 106 to 117 within the primary header. The ordering of data within the pro duct

remains the same, ho w ev er. If and when pro duct con ten ts ha v e b een requested, their order is:

1. Sub-sampled nadir-view 12.0 μ m brigh tness temp erature image (128 records);

2. Sub-sampled nadir-view 11.0 μ m brigh tness temp erature image (128 records);

3. Sub-sampled nadir-view 3.7/1.6 μ m brigh tness temp erature/reflectance image (128 records);

4. Sub-sampled forw ard-view 12.0 μ m brigh tness temp erature image (128 records);

Byte range P arameter description T yp e Unit

0 – 45

Pro duct file-name (as describ ed b y app endix A) Character None

46 – 60

Ascending no de time (da ys since Jan uary 1st, 1950) Real Da ys

61 – 72

Ascending no de state v ector x-co ordinate Real Km

73 – 84

Ascending no de state v ector y-co ordinate Real Km

85 – 96

Ascending no de state v ector z-co ordinate Real Km

97 – 106

Ascending no de state v ector x-v elo cit y Real Km/sec

107 – 116

Ascending no de state v ector y-v elo cit y Real Km/sec

117 – 126

Ascending no de state v ector z-v elo cit y Real Km/sec

127 – 133

Latitude (geo detic) of left-most pixel in first image scan In teger Degrees/1000

134 – 140

Latitude (geo detic) of righ t-most pixel in first image scan In teger Degrees/1000

141 – 147

Latitude (geo detic) of left-most pixel in last image scan In teger Degrees/1000

148 – 154

Latitude (geo detic) of righ t-most pixel in last image scan In teger Degrees/1000

155 – 162

Longitude of left-most pixel in first image scan In teger Degrees/1000

163 – 170

Longitude of righ t-most pixel in first image scan In teger Degrees/1000

171 – 178

Longitude of left-most pixel in last image scan In teger Degrees/1000

179 – 186

Longitude of righ t-most pixel in last image scan In teger Degrees/1000

187 – 188

Nadir 12.0 μ m c hannel image presen t (1 is true) In teger None

189 – 190

Nadir 11.0 μ m c hannel image presen t (1 is true) In teger None

191 – 192

Nadir 3.7/1.6 μ m c hannel image presen t (1 is true) In teger None

193 – 194

F orw ard 12.0 μ m c hannel image presen t (1 is true) In teger None

195 – 196

F orw ard 11.0 μ m c hannel image presen t (1 is true) In teger None

197 – 198

F orw ard 3.7/1.6 μ m c hannel image presen t (1 is true) In teger None

199 – 206

Co oler cold-tip temp erature Real Kelvin

207 – 214

12.0 μ m detector temp erature Real Kelvin

215 – 222

11.0 μ m detector temp erature Real Kelvin

223 – 230

3.7 μ m detector temp erature Real Kelvin

231 – 238

1.6 μ m detector temp erature Real Kelvin

239 – 255

Un used None None

T able 14: Brigh tness temp erature bro wse image pro duct 256-b yte primary header

5. Sub-sampled forw ard-view 11.0 μ m brigh tness temp erature image (128 records);

6. Sub-sampled forw ard-view 3.7/1.6 μ m brigh tness temp erature/reflectance image (128 records).

6.4.1 Sub-sampled brigh tness temp erature/reflectance images

The sub-sampled nadir-view 12.0 μ m c hannel image is presen t if:

1. The file-name extension is bro wse (the default);

2. The file-name extension includes the c haracters n1 , or na (indicating that the pro duct is

incomplete, but that the sub-sampled nadir-view 12.0 μ m c hannel has b een requested);

3. Byte 187 within the primary header con tains the c haracter 1 .

The sub-sampled nadir-view 12.0 μ m c hannel image is con tained within 128 records, eac h holding the

brigh tness temp eratures for one image scan, starting with the first scan. Eac h record is:

• 128 t w o-b yte nadir-view 12.0 μ m in teger brigh tness temp eratures (Kelvin/100).

The sub-sampled nadir-view 11.0 μ m c hannel image is presen t if:

1. The file-name extension is bro wse (the default);

2. The file-name extension includes the c haracters n2 , or na (indicating that the pro duct is

incomplete, but that the sub-sampled nadir-view 11.0 μ m c hannel has b een requested);

3. Byte 189 within the primary header con tains the c haracter 1 .

The sub-sampled nadir-view 11.0 μ m c hannel image is con tained within 128 records, eac h holding the

brigh tness temp eratures for one image scan, starting with the first scan. Eac h record is:

• 128 t w o-b yte nadir-view 11.0 μ m in teger brigh tness temp eratures (Kelvin/100).

The nadir-view 3.7/1.6 μ m c hannel image is presen t if:

1. The file-name extension is bro wse (the default);

2. The file-name extension includes the c haracters n3 , or na (indicating that the pro duct is

incomplete, but that the sub-sampled nadir-view 3.7/1.6 μ m c hannel has b een requested);

3. Byte 191 within the primary header con tains the c haracter 1 .

The sub-sampled nadir-view 3.7/1.6 μ m c hannel image is con tained within 128 records, eac h holding

the brigh tness temp eratures/reflectances for one image scan, starting with the first scan. Eac h record

is:

• 128 t w o-b yte nadir-view 11.0 μ m in teger brigh tness temp eratures/reflectances (Kelvin/100 for

3.7 μ m, % reflectance/100 for 1.6 μ m).

Sub-sampled forw ard-view c hannel images follo w, and are formatted iden tically . The sub-sampled

forw ard-view 12.0 μ m, 11.0 μ m, and 3.7/1.6 μ m c hannel images are presen t if the file-name extension is

bro wse , or if the extension includes the c haracters fa (all forw ard-view c hannels presen t), f1 (12.0 μ m

c hannel presen t), f2 (11.0 μ m c hannel presen t), and f3 (3.7/1.6 μ m c hannel presen t). Alternativ ely ,

b ytes 193, 195 and 197 ma y b e used, as ab o v e.

6.4.2 In terpretation of the 3.7 μ m/1.6 μ m image con ten ts

See section 3.4.3, whic h describ es the in terpretation of the 3.7 μ m/1.6 μ m brigh tness temp erature image

con ten ts.

6.5 Notes

• This pro duct has b een redesigned for SADIST v ersion 600. The pro duct ma y no w con tain an y

and all a v ailable brigh tness temp erature/reflectance images, as determined b y the user request.

No image histogram-equalisation is no w p erformed; full-precision brigh tness temp eratures are

retained.

• Within SADIST pro cessing, successiv e brigh tness temp erature bro wse image pro ducts ha v e a

12km o v erlap. The along-trac k distance b et w een one image and the next is therefore 500km.

• Unlik e the brigh tness temp erature image pro duct, the brigh tness temp erature bro wse image

pro duct do es not use negation of 12.0 μ m and 11.0 μ m c hannel brigh tness temp eratures.

Blanking pulse and cosmetic filling information is not a v ailable within this pro duct.

• Exceptional v alues within the brigh tness temp erature bro wse image pro duct are describ ed in

table 15.

P arameter

V alue Reason

Brigh tness temp erature/

-1 Channel not presen t within telemetered data (since the 3.7 μ m

reflectance and 1.6 μ m c hannels are no w merged within the same images,

this is exp ected to b e a rare o ccurrence), or pixel could not

b e “cosmetically” filled due to absence of appropriate

neigh b ouring pixel

Brigh tness temp erature/

0 No data a v ailable, due to break in con tin uit y of do wnlink ed

reflectance data or absence of signal in this c hannel

Brigh tness temp erature

1 (in 11.0 μ m c hannel) Channel not presen t within telemetered

data, and blanking pulse presen t (i.e. -1 * -1)

Brigh tness temp erature

1 (in 12.0 μ m c hannel) Channel not presen t within telemetered

data, and pixel cosmetically filled (i.e. -1 * -1)

T able 15: Brigh tness temp erature bro wse image pro duct exceptional v alues

6.6 Sample co de

The follo wing sample V AX C co de demonstrates ho w the brigh tness temp erature bro wse image pro d-

uct migh t b e read. It assumes that the short t yp e is a t w o-b yte in teger, and that the long t yp e is a

four-b yte in teger.

/*------------------------------------------------------- --------*/

#include <file.h>

#include <string.h>

#include <unixio.h>

/*------------------------------------------------------- --------*/

struct{
char file_name[46];

char node_time[15];

char node_x_coord[12]; char node_y_coord[12]; char node_z_coord[12];

char node_x_velocity[10]; char node_y_velocity[10]; char node_z_velocity[10];

char lower_left_lat[7]; char lower_right_lat[7];

char upper_left_lat[7]; char upper_right_lat[7];

char lower_left_lon[8]; char lower_right_lon[8];

char upper_left_lon[8]; char upper_right_lon[8];

char nad_1_present[2]; char nad_2_present[2]; char nad_3_present[2];

char for_1_present[2]; char for_2_present[2]; char for_3_present[2];

char cooler_tip_temp[8];

char detector_temps[4][8];

char unused[17];

} primary_header;

/*------------------------------------------------------- --------*/

unsigned char secondary_header[256];

short nadir_chan_1[128][128], nadir_chan_2[128][128], nadir_chan_3[128][128];

frwrd_chan_1[128][128], frwrd_chan_2[128][128], frwrd_chan_3[128][128];

/*------------------------------------------------------- --------*/

main()

{

                                                                                       int browse_file, scan_loop, pixel_loop;

                                                                                       browse_file = open("moore$303251725_25000_30325_x600.browse", O_RDONLY, 0, "rfm = fix", "mrs = 256");

                                                                                       read(browse_file, (void *) &primary_header, 256);

                                                                                       read(browse_file, (void *) secondary_header, 256);

                                                                                       if (strncmp(nad_1_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 128; scan_loop++)

read(browse_file, (void *) nadir_chan_1[scan_loop], 256);

                                                                                       }

                                                                                       if (strncmp(nad_2_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 128; scan_loop++)

read(browse_file, (void *) nadir_chan_2[scan_loop], 256);

                                                                                       }

                                                                                       if (strncmp(nad_3_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 128; scan_loop++)

read(browse_file, (void *) nadir_chan_3[scan_loop], 256);

                                                                                       }

                                                                                       if (strncmp(for_1_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 128; scan_loop++)

read(browse_file, (void *) frwrd_chan_1[scan_loop], 256);

                                                                                       }

                                                                                       if (strncmp(for_2_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 128; scan_loop++)

read(browse_file, (void *) frwrd_chan_2[scan_loop], 256);

                                                                                       }

                                                                                       if (strncmp(for_3_present, "1", 1) == 0)

                                                                                       {

for (scan_loop = 0; scan_loop < 128; scan_loop++)

read(browse_file, (void *) frwrd_chan_3[scan_loop], 256);

                                                                                       }

                                                                                       close(browse_file);

}

/*------------------------------------------------------- --------*/

The follo wing sample IDL co de demonstrates ho w the brigh tness temp erature bro wse image pro duct

migh t b e read.

;/*------------------------------------------------------ ----------*/

primary_head = { file_name: bytarr(46), node_time: bytarr(15), $

node_x_coord: bytarr(12), node_y_coord: bytarr(12), node_z_coord: bytarr(12), $

node_x_velocity: bytarr(10), node_y_velocity: bytarr(10), node_z_velocity: bytarr(10), $

lat1: bytarr(7), lat2: bytarr(7), lat3: bytarr(7), lat4: bytarr(7), $

lon1: bytarr(8), lon2: bytarr(8), lon3: bytarr(8), lon4: bytarr(8), $

nad_1_present: bytarr(2), nad_2_present: bytarr(2), $

nad_3_present: bytarr(2), for_1_present: bytarr(2), $

for_2_present: bytarr(2), for_3_present: bytarr(2), $

cooler_tip_temp: bytarr(8), detector_temps: bytarr(8, 4), unused: bytarr(17) }

secondary_head = bytarr(256)

nad_chan_1 = intarr(128, 128)

nad_chan_2 = intarr(128, 128)

nad_chan_3 = intarr(128, 128)

for_chan_1 = intarr(128, 128)

for_chan_2 = intarr(128, 128)

for_chan_3 = intarr(128, 128)

temp_line = intarr(128)

;/*------------------------------------------------------ ----------*/

openr, 1, ’moore$303251725_25000_30325_x600.browse’, /fixed, 256

readu, 1, primary_head

readu, 1, secondary_head

if (fix(string(primary_head.nad_1_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 127 do begin

readu, 1, temp_line

nad_chan_1(0, temp_loop) = temp_line

                                                                                       endfor

endif

if (fix(string(primary_head.nad_2_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 127 do begin
readu, 1, temp_line

nad_chan_2(0, temp_loop) = temp_line

                                                                                       endfor

endif

if (fix(string(primary_head.nad_3_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 127 do begin

readu, 1, temp_line

nad_chan_3(0, temp_loop) = temp_line

                                                                                       endfor

endif

if (fix(string(primary_head.for_1_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 127 do begin

readu, 1, temp_line

for_chan_1(0, temp_loop) = temp_line

                                                                                       endfor

                            endif

if (fix(string(primary_head.for_2_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 127 do begin

readu, 1, temp_line

for_chan_2(0, temp_loop) = temp_line

                                                                                       endfor

endif

if (fix(string(primary_head.for_3_present)) eq 1) then begin

                                                                                       for temp_loop = 0, 127 do begin

readu, 1, temp_line

for_chan_3(0, temp_loop) = temp_line

                                                                                       endfor

endif

end

;/*------------------------------------------------------ ----------*/

7 Land-flagging/cloud-iden tification results pro duct (CLOUD)

7.1 General description

The land-flagging/cloud-iden tification results pro duct con tains detailed results from the land-flagging

and cloud-iden tification applied within SADIST lev el 2.0 pro cessing to a brigh tness temp erature image

pro duct. Some of this information is pro vided within the confidence w ord supplied with sea-surface

temp erature image pro ducts (during the deriv ation of whic h the land-flagging/cloud-iden tification

pro cess is p erformed).

The pro duct has neither primary nor secondary headers; it con tains 1024 records, whic h supply

comp osite flags summarising the results of land-flagging/cloud-iden tification of b oth nadir and forw ard

views.

This pro duct has a fixed-length 1024-b yte record format; it has 1024 records, con taining 1048576

b ytes.

7.2 Pro duct format

The first 512 records con tain the results of land-flagging/cloud-iden tification of the nadir-view images.

Eac h record con tains 512 v alues, eac h of whic h is a comp osite result flag for a pixel within the

brigh tness temp erature image pro duct. T able 16 describ es the con ten ts of eac h comp osite result flag.

Eac h record is:

• 512 t w o-b yte nadir-view comp osite result flags, as describ ed in table 16.

The follo wing 512 records con tain the results of land-flagging/cloud-iden tification of the forw ard-

view images. Eac h record con tains 512 v alues, eac h of whic h is a comp osite result flag for a pixel

within the brigh tness temp erature image pro duct. T able 16 describ es the con ten ts of eac h comp osite

result flag. Eac h record is:

• 512 t w o-b yte forw ard-view comp osite result flags, as describ ed in table 16.

7.3 Notes

• In tro duced with SADIST v ersion 500 w as a fixed-length record format. Previously , record

lengths w ere all 1024 b ytes, but the record format remained “v ariable”. This pro duct is

unc hanged for v ersion 600.

• The SADIST cloud-iden tification algorithm suite remains in a state of flux. The con ten ts of

this pro duct ma y therefore b e sub ject to significan t c hange b et w een SADIST v ersions.

• Bit 1 is un used. Previously , this bit stored results of cloud-iden tification tests whic h attempted

to iden tify pixels not wholly cloud-filled. Suc h tests are no longer used within SADIST.

7.4 Sample co de

The follo wing sample V AX C co de demonstrates ho w the land-flagging/cloud-iden tification results

pro duct migh t b e read.

/*------------------------------------------------------- --------*/

#include <file.h>

Bit n um b er Meaning if set

0 (lsb)

Pixel is cloudy (summary of cloud-iden tification tests)

1 Un used

2 Pixel is o v er land

3 Cloud iden tified b y 3.7 μ m/11.0 μ m view-difference test

4 Cloud iden tified b y 11.0 μ m/12.0 μ m view-difference test

5 1.6 μ m reflectance histogram test p erformed

6 1.6 μ m reflectance histogram test used dynamic threshold

7 1.6 μ m reflectance histogram test detected sunglin t con tamination

8 Cloud iden tified b y 1.6 μ m reflectance histogram test

9 Cloud iden tified b y 11.0 μ m spatial coherence test

10 Cloud iden tified b y 11.0 μ m/12.0 μ m thin-cirrus test

11 Cloud iden tified b y 12.0 μ m gross cloud test

12 Cloud iden tified b y 11.0 μ m/3.7 μ m fog/lo w-stratus test

13 Cloud iden tified b y 3.7 μ m/12.0 μ m medium/high-lev el test

14 Cloud iden tified b y 11.0 μ m/12.0 μ m infra-red histogram test

15 (msb)

Un used

T able 16: Land-flagging/cloud-iden tification comp osite result w ord

#include <unixio.h>

/*------------------------------------------------------- --------*/

struct cloud_flag{

int cloudy: 1;

int unused: 1;

int land: 1;

int view_diff_37_11_test: 1;

int view_diff_11_12_test: 1;

int histogram_done: 1;

int dynamic_thresh_used: 1;

int sunglint_found: 1;

int histogram_test: 1;

int coherence_test: 1;

int thin_cirrus_test: 1;

int gross_cloud_test: 1;

int fog_low_stratus_test: 1;

int med_high_level_test: 1;

int diff_11_12_hist_test: 1;

int unused: 1;

};

/*------------------------------------------------------- --------*/

struct cloud_flag nadir_cloud_image[512][512], frwrd_cloud_image[512][512];

/*------------------------------------------------------- --------*/

main()

{

                                                                                       int cloud_file, scan_loop;

                                                                                       cloud_file = open("peters$303251725_25000_30325_x600.cloud", O_RDONLY, 0, "rfm = fix", "mrs = 1024");

                                                                                       for (scan_loop = 0; scan_loop < 512; scan_loop++)

read(cloud_file, (void *) nadir_cloud_image[scan_loop], 1024);

                                                                                       for (scan_loop = 0; scan_loop < 512; scan_loop++)

read(cloud__file, (void *) frwrd_cloud_image[scan_loop], 1024);

                                                                                       close(cloud_file);

}

/*------------------------------------------------------- --------*/

The follo wing sample IDL co de demonstrates ho w the land-flagging/cloud-iden tification results pro d-

uct migh t b e read.

;/*------------------------------------------------------ -------------*/

nadir_cloud_flags = intarr(512, 512)

frwrd_cloud_flags = intarr(512, 512)

line_of_flags = intarr(512)

;/*------------------------------------------------------ -------------*/

openr, 1, ’peters$303251725_25000_30325_x600.cloud’, /fixed, 1024

for line_loop = 0, 511 do begin

                                                                                       readu, 1, line_of_flags

                                                                                       nadir_cloud_flags(0, line_loop) = line_of_flags

endfor

for line_loop = 0, 511 do begin

                                                                                       readu, 1, line_of_flags

                                                                                       frwrd_cloud_flags(0, line_loop) = line_of_flags

endfor

close, 1

end

;/*------------------------------------------------------ -------------*/

8 Nadir-only sea-surface temp erature image pro duct (NSST)

8.1 General description

The nadir-only sea-surface temp erature image pro duct is iden tical in format and con ten t to the pri-

mary sea-surface temp erature image pro duct (SST). This pro duct con tains sea-surface temp eratures

deriv ed using a nadir-only retriev al algorithm, ho w ev er, ev en when forw ard-view information is a v ail-

able and cloud-free.

See section 4 for a description of pro duct headers, format, and con ten ts.

8.2 Notes

• Note that where deriv ation of the primary sea-surface temp erature image pro duct uses a

nadir-only retriev al algorithm (where forw ard-view c hannels are cloud-con taminated, but

nadir-view c hannels are not), the con ten ts of the nadir-only sea-surface temp erature image

pro duct w ould b e iden tical.

9 Spatially-a v eraged land-surface temp erature pro duct (ALST)

9.1 General description

The spatially-a v eraged land-surface temp erature pro duct con tains half-degree spatially-a v eraged mean

brigh tness temp eratures/reflectances, with asso ciated p ositional and confidence information.

The pro duct has neither primary nor secondary headers; it con tains spatially-a v eraged land-surface

temp eratures deriv ed from up to a complete file of A TSR ra w data (whic h ma y in most circumstances

b e considered to b e equiv alen t to one ERS-1 orbit).

This pro duct has a fixed-length 34-b yte record format; it has a v ariable length, though the largest

v olume of A TSR ra w data whic h can con tribute to a single spatially-a v eraged land-surface temp erature

pro duct (appro ximately one orbit) places an upp er limit on the pro duct size.

9.2 Pro duct format

The con ten ts of eac h 34-b yte pro duct record are sho wn in table 17.

Byte range

P arameter description T yp e Unit

0 – 3

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

4 – 7

Time of data (seconds within curren t da y) In teger Seconds

8 – 9

Latitude (geo cen tric) of half-degree cell In teger Cell

10 – 11

Longitude of half-degree cell In teger Cell

12 – 13

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

14 – 15

Spatially-a v eraged nadir 12.0 μ m brigh tness In teger K/100

temp erature

16 – 17

Spatially-a v eraged nadir 11.0 μ m brigh tness In teger K/100

temp erature

18 – 19

Spatially-a v eraged nadir 3.7 μ m brigh tness In teger K/100

temp erature

20 – 21

Spatially-a v eraged nadir 1.6 μ m reflectance In teger %ref/100

22 – 23

Spatially-a v eraged forw ard 12.0 μ m brigh tness In teger K/100

temp erature

24 – 25

Spatially-a v eraged forw ard 11.0 μ m brigh tness In teger K/100

temp erature

26 – 27

Spatially-a v eraged forw ard 3.7 μ m brigh tness In teger K/100

temp erature

28 – 29

Spatially-a v eraged forw ard 1.6 μ m reflectance In teger %ref/100

30 – 33

Confidence w ord summarising spatially-a v eraged None None

land-surface temp erature deriv ation

T able 17: Spatially-a v eraged land-surface temp erature pro duct record

Time of data. The in teger v alue con taining the n um b er of da ys since Jan uary 1st, 1950, do es not

include the curren t, incomplete da y . Note that the time used within eac h record is the time of

the first A TSR nadir-view scan within the orbit to con tribute to the spatially-a v eraged

land-surface temp erature deriv ation.

3

The v ariable nature of cloud-co v er mak es it imp ossible

to predict the p osition of this scan relativ e to the cen tre of the half-degree cell. Under an y

3

Though note that, if and when no nadir data con tributed to the temp erature deriv ation, the time of the first

con tributing forw ard-view scan is used.

circumstances, this time cannot b e more than appro 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 degrees South to 89.5

degrees South; latitude cell n um b er 359 extends from 89.5 degrees North to 90 degrees North.

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

l atitude = (( l at cel l num − 180 . 0) / 2 . 0) + 0 . 25.

In common with the other spatially-a v eraged pro ducts (ASST, A CLOUD), the latitudes whic h

are implied b y the pro duct cell n um b ers are ge o c entric . The latitudes pro vided with image

pro ducts, and within pro duct headers, are ge o detic . This is discussed in section 1.5.

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 degrees W est to 180

degrees East, in the range 0 to 719. Longitude cell n um b er 0 extends from 180 degrees W est to

179.5 degrees W est; longitude cell n um b er 719 extends from 179.5 degrees East to 180 degrees

East. 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 (n um b ered 0 to 4) are symmetric

ab out the ground-trac k. Eac h band is 50km wide (except the fifth, whic h is 62km wide, and

extends to the edge of the sw ath).

Confidence w ord. T able 18 describ es the con ten ts of the spatially-a v eraged land-surface

temp erature pro duct confidence w ord. The three-bit v alues whic h indicate ho w man y pixels

ha v e con tributed to eac h spatially-a v eraged land-surface temp erature v alue are co ded. The

co des are describ ed in table 19.

Spatially-a v eraged brigh tness temp eratures. Deriv ation of land-temp eratures using

m ulti-c hannel and m ulti-view retriev al sc hemes is b ey ond the scop e of SADIST pro cessing of

A TSR data. The spatially-a v eraged brigh tness temp eratures and reflectances supplied within

the pro duct are simple means of the a v ailable cloud-free data o v er land.

9.3 Notes

• This pro duct t yp e w as new to SADIST v ersion 500. It is unc hanged for v ersion 600.

• No explicit or implicit ordering of pro duct v alues ma y b e assumed. The Earth-lo cation m ust

b e deriv ed using the latitude and longitude information pro vided with eac h land-surface

temp erature record.

9.4 Sample co de

The follo wing sample V AX C co de demonstrates ho w the spatially-a v eraged land-surface temp erature

pro duct migh t b e read. It assumes that the short t yp e is a t w o-b yte in teger, and that the long t yp e

is a four-b yte in teger.

Bit n um b er(s) Meaning if set

0 (lsb)

Nadir-view land-surface temp erature deriv ation used da y-time

data (nigh t-time data if zero)

1 F orw ard-view land-surface temp erature deriv ation used da y-time

data (nigh t-time data if zero)

2 – 4

Num b er of pixels con tributing to nadir-view 12.0 μ m land-surface

temp erature (0 – 7)

5 – 7

Num b er of pixels con tributing to nadir-view 11.0 μ m land-surface

temp erature (0 – 7)

8 – 10

Num b er of pixels con tributing to nadir-view 3.7 μ m land-surface

temp erature (0 – 7)

11 – 13

Num b er of pixels con tributing to nadir-view 1.6 μ m land-surface

reflectance (0 – 7)

14 – 16

Num b er of pixels con tributing to forw ard-view 12.0 μ m land-surface

temp erature (0 – 7)

17 – 19

Num b er of pixels con tributing to forw ard-view 11.0 μ m land-surface

temp erature (0 – 7)

20 – 22

Num b er of pixels con tributing to forw ard-view 3.7 μ m land-surface

temp erature (0 – 7)

23 – 25

Num b er of pixels con tributing to forw ard-view 1.6 μ m land-surface

reflectance (0 – 7)

26 – 31 (msb)

Un used

T able 18: Spatially-a v eraged land-surface temp erature pro duct confidence w ord

Co de

Num b er of pixels

0 F ew er than 400

1 400 to 799

2 800 to 1199

3 1200 to 1599

4 1600 to 1999

5 2000 to 2399

6 2400 to 2799

7 More than 2799

T able 19: Land-surface temp erature three-bit n um b er-of-pixels enco ding

/*------------------------------------------------------- --------*/

#include <file.h>

#include <unixio.h>

/*------------------------------------------------------- --------*/

struct alst_confidence{

int day_night: 1;

int nadir_chan_1_pixels: 3;

int nadir_chan_2_pixels: 3;

int nadir_chan_3_pixels: 3;

int nadir_chan_4_pixels: 3;

int forward_chan_1_pixels: 3;

int forward_chan_2_pixels: 3;

int forward_chan_3_pixels: 3;

int forward_chan_4_pixels: 3;

int unused: 7;

};

struct half_degree_cell{

long day_number;

long secs_in_day;

short latitude;

short longitude;

short across_track_band;

short nadir_chan_1_mean;

short nadir_chan_2_mean;

short nadir_chan_3_mean;

short nadir_chan_4_mean;

short frwrd_chan_1_mean;

short frwrd_chan_2_mean;

short frwrd_chan_3_mean;

short frwrd_chan_4_mean;

struct alst_confidence confidence;

};

/*------------------------------------------------------- --------*/

struct half_degree_cell cell_array[20000];

/*------------------------------------------------------- --------*/

main()

{

                                                                                       int alst_file, cell_loop = 0;

                                                                                       alst_file = open("charltonb$303251725_25000_30325_x600.alst", O_RDONLY, 0, "rfm = fix", "mrs = 34");

                                                                                       while (read(alst_file, (void *) &cell_array[cell_loop++], 34) == 34);

                                                                                       close(alst_file);

}

/*------------------------------------------------------- --------*/

The follo wing sample IDL co de demonstrates ho w the spatially-a v eraged land-surface temp erature

pro duct migh t b e read.

;/*-----------------------------------------------------* /

on_ioerror, end_of_file

twelve_map = intarr(720, 360)

eleven_map = intarr(720, 360)

file_rec = { file_record, time: lonarr(2), position: intarr(3), $

nadir_alst: intarr(4), frwrd_alst: intarr(4), confidence: lonarr(1) }

alst = { alst_record, time: lonarr(2), position: intarr(3), $

nadir_alst: intarr(4), frwrd_alst: intarr(4), $

daynight: bytarr(1), nadir_pixels: bytarr(4), frwrd_pixels: bytarr(4) }

alst_stuff = replicate(alst, 20000)

;/*-----------------------------------------------------* /

openr, 1, ’charltonb$303251725_25000_30325_x600.alst’, /fixed, 34

alst_loop = 0

read_from_sadist_file:

readu, 1, file_rec

twelve_map(file_rec.position(1), file_rec.position(0)) = file_rec.nadir_alst(0)

eleven_map(file_rec.position(1), file_rec.position(0)) = file_rec.nadir_alst(1)

alst_stuff(alst_loop).time = file_rec.time

alst_stuff(alst_loop).position = file_rec.position

alst_stuff(alst_loop).nadir_alst = file_rec.nadir_alst

alst_stuff(alst_loop).frwrd_alst = file_rec.frwrd_alst

alst_stuff(alst_loop).daynight = file_rec.confidence(0) and 1

alst_stuff(alst_loop).nadir_pixels(0) = (file_rec.confidence(0) and 14) / 2

alst_stuff(alst_loop).nadir_pixels(1) = (file_rec.confidence(0) and 112) / 16

alst_stuff(alst_loop).nadir_pixels(2) = (file_rec.confidence(0) and 896) / 128

alst_stuff(alst_loop).nadir_pixels(3) = (file_rec.confidence(0) and 7168) / 1024

alst_stuff(alst_loop).frwrd_pixels(0) = (file_rec.confidence(0) and 57344) / 8192

alst_stuff(alst_loop).frwrd_pixels(1) = (file_rec.confidence(0) and 458752) / 65536

alst_stuff(alst_loop).frwrd_pixels(2) = (file_rec.confidence(0) and 3670016) / 524288

alst_stuff(alst_loop).frwrd_pixels(3) = (file_rec.confidence(0) and 29360128) / 4194304

alst_loop = alst_loop + 1

goto, read_from_sadist_file

end_of_file:

close, 1

end

;/*-----------------------------------------------------* /

10 Spatially-a v eraged cloud temp erature/co v erage pro duct

(A CLOUD)

10.1 General description

The spatially-a v eraged cloud temp erature/co v erage pro duct con tains information concerning the tem-

p erature and abundance of cloud within the A TSR nadir and forw ard views, at a half-degree spatial

resolution, with asso ciated p ositional and confidence information.

The pro duct has neither primary nor secondary headers; it con tains spatially-a v eraged cloud tem-

p erature/co v erage information deriv ed from up to a complete file of A TSR ra w data (whic h ma y in

most circumstances b e considered to b e equiv alen t to one ERS-1 orbit).

This pro duct has a fixed-length 244-b yte record format; it has a v ariable length, though the

largest v olume of A TSR ra w data whic h can con tribute to a single spatially-a v eraged cloud temp era-

ture/co v erage pro duct (appro ximately one orbit) places an upp er limit on the pro duct size.

10.2 Cloud temp erature/co v erage deriv ation

It should b e emphasised that cloudy pixels , in the con text of the cloud temp erature/co v erage pro duct,

are those pixels whic h ha v e b een iden tified as cloudy b y SADIST’s cloud-iden tification tests. No

assurance can b e made that all true cloud will b e detected b y suc h tests; nor that all detected pixels

will b e truly cloudy .

Cloud temp erature and co v erage results are deriv ed indep enden tly for the nadir and forw ard

views; no attempt is made to com bine the t w o views within a cloud temp erature retriev al algorithm.

Similarly , no attempt is made to com bine information from A TSR’s m ultiple detectors. All cloud

temp erature information within this pro duct is based on brigh tness temp eratures from the 11.0 μ m

c hannel.

F or reasons of pro cessing efficiency , deriv ation of cloud temp eratures (i.e. calculation of brigh tness

temp erature means) pro ceeds via the construction of a histogram of 11.0 μ m brigh tness temp eratures

within eac h half-degree cell. Eac h histogram records the distribution of brigh tness temp eratures of

cloudy pixels from 190.0 Kelvin to 290.0 Kelvin, at a 0.1 Kelvin resolution, within 1000 b o xes; the

first b o x records the n um b er of cloudy pixels with 11.0 μ m brigh tness temp eratures b et w een 190.0

Kelvin and 190.1 Kelvin; the last b o x records the n um b er of cloudy pixels with 11.0 μ m brigh tness

temp eratures b et w een 289.9 Kelvin and 290.0 Kelvin. It can b e seen that construction of the 0.1

Kelvin histogram in v olv es a loss of the precision with whic h brigh tness temp eratures are kno wn.

No cloud temp erature deriv ation is p erformed if few er than 20 cloudy pixels ha v e b een iden tified,

in either view. If sufficien t pixels have b een iden tified, t w o cloud temp eratures are calculated, via the

0.1 Kelvin histogram.

The first is a simple mean of the 11.0 μ m brigh tness temp eratures of all cloudy pixels. The second

is an attempt to deriv e a cloud-top temp erature; the 11.0 μ m brigh tness temp eratures of only the

coldest 25% of the cloudy pixels con tribute to this deriv ation.

The pro duct also con tains the n um b ers of cloudy and cloud-free pixels whic h ha v e b een lo cated.

F rom these n um b ers, the p ercen tage cloud-co v er is deriv ed, and is pro vided.

10.3 Pro duct format

The con ten ts of eac h 244-b yte pro duct record are sho wn in table 20.

Time of data. The in teger v alue con taining the n um b er of da ys since Jan uary 1st, 1950, do es not

include the curren t, incomplete da y . Note that the time used within eac h record is the time of

the first A TSR nadir-view scan within the orbit to con tribute to the spatially-a v eraged

Byte range P arameter description T yp e Unit

0 – 3

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

4 – 7

Time of data (seconds within curren t da y) In teger Seconds

8 – 9

Latitude (geo cen tric) of half-degree cell In teger Cell

10 – 11

Longitude of half-degree cell In teger Cell

12 – 13

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

14 – 15

(Nadir) Num b er of cloudy pixels In teger None

16 – 17

(Nadir) Num b er of cloud-free pixels In teger None

18 – 19

(Nadir) Spatially-a v eraged 11.0 μ m brigh tness temp erature

of all cloudy pixels In teger K/100

20 – 21

(Nadir) Standard deviation of 11.0 μ m brigh tness temp eratures

of all cloudy pixels In teger K/100

22 – 23

(Nadir) Lo w est 11.0 μ m brigh tness temp erature of cloudy pixels In teger K/100

24 – 25

(Nadir) Cloud-top temp erature: spatially-a v eraged 11.0 μ m

brigh tness temp erature of coldest 25% of cloudy pixels In teger K/100

26 – 27

(Nadir) P ercen tage cloud-co v er In teger %/100

28 – 127

(Nadir) One Kelvin histogram of 11.0 μ m brigh tness

temp eratures of all cloudy pixels In teger None

128 – 129

(F rwrd) Num b er of cloudy pixels In teger None

130 – 131

(F rwrd) Num b er of cloud-free pixels In teger None

132 – 133

(F rwrd) Spatially-a v eraged 11.0 μ m brigh tness temp erature

of all cloudy pixels In teger K/100

134 – 135

(F rwrd) Standard deviation of 11.0 μ m brigh tness temp eratures

of all cloudy pixels In teger K/100

136 – 137

(F rwrd) Lo w est 11.0 μ m brigh tness temp erature of cloudy pixels In teger K/100

138 – 139

(F rwrd) Cloud-top temp erature: spatially-a v eraged 11.0 μ m

brigh tness temp erature of coldest 25% of cloudy pixels In teger K/100

140 – 141

(F rwrd) P ercen tage cloud-co v er In teger %/100

142 – 241

(F rwrd) One Kelvin histogram of 11.0 μ m brigh tness

temp eratures of all cloudy pixels In teger None

242 – 243

Confidence w ord asso ciated with spatially-a v eraged None None

cloud temp erature/co v erage deriv ation

T able 20: Spatially-a v eraged cloud temp erature/co v erage pro duct record sea-surface temp erature deriv ation. The v ariable nature of cloud-co v er mak es it imp ossible to

predict the p osition 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 appro 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 degrees South to 89.5

degrees South; latitude cell n um b er 359 extends from 89.5 degrees North to 90 degrees North.

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

l atitude = (( l at cel l num − 180 . 0) / 2 . 0) + 0 . 25.

In common with the other spatially-a v eraged pro ducts (ASST, ALST), the latitudes whic h are

implied b y the pro duct cell n um b ers are ge o c entric . The latitudes pro vided with image

pro ducts, and within pro duct headers, are ge o detic . This is discussed in section 1.5.

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 degrees W est to 180

degrees East, in the range 0 to 719. Longitude cell n um b er 0 extends from 180 degrees W est to

179.5 degrees W est; longitude cell n um b er 719 extends from 179.5 degrees East to 180 degrees

East. 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 (n um b ered 0 to 4) are symmetric

ab out the ground-trac k. Eac h band is 50km wide (except the fifth, whic h is 62km wide, and

extends to the edge of the sw ath).

Num b er of cloudy pixels. This is the n um b er of pixels within the half-degree cell whic h w ere

iden tified as cloudy b y the SADIST cloud-iden tification tests. Note that, since the surface area

co v ered b y a half-degree cell decreases to w ards the p oles, the maxim um v alue this parameter

ma y ha v e will also decrease (to a limit of zero at the p oles themselv es). Note also that, since

no cloud temp erature/co v erage information ma y b e deriv ed using few er than 20 cloudy pixels,

20 is the practical minim um for this parameter.

Num b er of cloud-free pixels. This is the n um b er of pixels within the half-degree cell whic h w ere

iden tified as cloud-free b y the SADIST cloud-iden tification tests. Note that, since the surface

area co v ered b y a half-degree cell decreases to w ards the p oles, the maxim um v alue this

parameter ma y ha v e will also decrease (to a limit of zero at the p oles themselv es). This

parameter ma y b e zero.

Spatially-a v eraged brigh tness temp erature of all cloudy pixels. This mean is calculated

from the 0.1 Kelvin histogram describ ed in Section 10.2. Therefore, although it is supplied at

a precision of 0.01 Kelvin, its accuracy (with resp ect to the true mean), can only b e assumed

to b e ± 0.05 Kelvin. The deriv ation is:

mean of cl oudy = 19000 + 10 ×

∑

999

i =0

(( i +0 . 5) × histog r am [ i ])

∑

999

i =0 histog r am [ i ]

Standard deviation of brigh tness temp eratures of cloudy pixels. Again, this is calculated

from the 0.1 Kelvin histogram, describ ed ab o v e, so its accuracy (with resp ect to the true

mean), can only b e assumed to b e ± 0.05 Kelvin. The deriv ation is:

sd of cl oudy = 10 ×

√

∑

999

i =0

((( i +0 . 5) − (( mean of cl oudy − 19000) / 10)) × histog r am [ i ])

2

(

∑

999

i =0 histog r am [ i ]) − 1

Lo w est 11.0 μ m brigh tness temp erature of cloudy pixels. This is simply the lo w est 11.0 μ m

brigh tness temp erature of the pixels iden tified as cloudy within the half-degree cell.

Cloud-top temp erature. This v alue, whic h is kno wn as the cloud-top temp erature (though whic h

mak es no great claims to represen t exactly that ph ysical parameter), is calculated from the 0.1

Kelvin histogram, describ ed ab o v e. Only the coldest 25% of the histogram is used; that is,

only those histogram b o xes up to and including that whic h con tains the t w en t y-fifth p ercen tile

are included within the mean deriv ation. Its accuracy (with resp ect to the true mean of the

coldest 25% of the cloudy pixels) can only b e assumed to b e ± 0.05 Kelvin. The deriv ation is:

ctt = 19000 + 10 ×

∑

n

i =0

(( i +0 . 5) × histog r am [ i ])

∑

n

i =0 histog r am [ i ]

where n is the histogram b o x con taining the t w en t y-fifth p ercen tile.

P ercen tage cloud-co v er. This is the p ercen tage of all pixels within the half-degree cell whic h

w ere iden tified as cloudy b y the SADIST cloud-iden tification tests. The deriv ation is:

per centag e cov er = 10000 × number of cl oudy pixel s

number of cl oudy pixel s + number of cl oud f r ee pixel s

since the p ercen tage is pro vided in units of %/100. V alues of p ercen tage cloud-co v er for

half-degree cells within across-trac k band 4 of the A TSR sw ath should b e used with caution;

suc h cells ma y not b e wholly co v ered b y the sw ath.

One Kelvin histogram of 11.0 μ m brigh tness temp eratures of all cloudy pixels. This

histogram, whic h describ es the temp erature distribution of the pixels iden tified as cloudy , is

deriv ed from the 0.1 Kelvin histogram constructed during calculation of the spatially-a v eraged

cloud temp eratures sho wn ab o v e. The deriv ation in v olv es t w o steps:

1. The 0.1 Kelvin histogram is reduced to a 1.0 Kelvin histogram, b y merging histogram

b o xes in groups of ten.

2. The 1.0 histogram is normalised, so that eac h histogram v alue ma y b e represen ted b y a

single b yte. The normalisation is:

nor mal ised v al ue [ i ] = 255 × mer g ed histog r am [ i ]

mer g ed histog r am [ max ]

where i is eac h of the b o xes of the (merged) 1.0 Kelvin histogram (from 0 to 99), and

max is the histogram b o x con taining the largest n um b er of cloudy pixels.

The resulting 1.0 Kelvin histogram is a one-h undred elemen t arra y of one-b yte normalised

v alues, scaled so that a v alue of 255 represen ts the most p opulous histogram b o x. The first

histogram b o x represen ts brigh tness temp eratures b et w een 190.0 Kelvin and 191.0 Kelvin; the

last histogram b o x represen ts brigh tness temp eratures b et w een 289.0 Kelvin and 290.0 Kelvin.

Note that the v alues within the normalised histogram remain in correct prop ortion, so the

v alues of the n um b er of cloudy and cloud-free pixels ma y b e used to (appro ximately)

reconstitute the original (non-normalised) 1.0 Kelvin histogram.

Confidence w ord. T able 21 describ es the con ten ts of the spatially-a v eraged cloud

temp erature/co v erage pro duct confidence w ord.

Bit 0 is set if the con tributing nadir-view data w ere acquired b y A TSR during da y-time; that

is, when the lo cal solar elev ation w as p ositiv e.

Bit 1 is set if the con tributing forw ard-view data w ere acquired b y A TSR during da y-time;

that is, when the lo cal solar elev ation w as p ositiv e.

Bit 2 is set if the half-degree cell con tains land (whether cloudy or otherwise); bit 3 is set if the

half-degree cell con tains sea (whether cloudy or otherwise). Note that bits 2 and 3 will b e set

if a half-degree cell is a mixture of land and sea; that is, when it con tains a coast-line.

Bits 4 to 15 are un used.

Bit n um b er(s)

Meaning if set

0 (lsb)

Con tributing nadir-view data acquired during da y-time

1 Con tributing forw ard-view data acquired during da y-time

2 Half-degree cell con tains land

3 Half-degree cell con tains sea

4 – 15 (msb)

Un used

T able 21: Spatially-a v eraged cloud temp erature/co v erage pro duct confidence w ord

10.4 Notes

• This pro duct is new to v ersion 600.

• No explicit or implicit ordering of pro duct v alues ma y b e assumed. The Earth-lo cation m ust

b e deriv ed using the latitude and longitude information pro vided with eac h cloud

temp erature/co v erage record.

• Note that, apart from the time/p osition information, and the confidence w ord, all pro duct

con ten ts are duplicated for nadir and forw ard views. There is no attempt to com bine nadir

and forw ard views within a cloud temp erature retriev al algorithm.

• In common with the other spatially-a v eraged pro ducts, the deriv ation of the cloud

temp erature/co v erage pro duct do es not in v olv e the precise geolo cation of A TSR pixels, and

the remapping of nadir- and forw ard-view pixels on to a 1km grid whose axes are the

along-trac k and across-trac k directions. The pixels whic h con tribute to this pro duct are those

within the A TSR scan; eac h A TSR scan con tains 555 nadir-view pixels, and 371 forw ard-view

pixels. When considering the n um b ers of cloudy and cloud-free pixels supplied within this

pro duct, it should b e understo o d that a nadir:forw ard ratio of 555 : 371 is to b e exp ected.

• Exceptional v alues within the spatially-a v eraged cloud temp erature/co v erage pro duct are

describ ed in table 22.

10.5 Sample co de

The follo wing sample V AX C co de demonstrates ho w the spatially-a v eraged cloud temp erature/co v erage

pro duct migh t b e read. It assumes that the short t yp e is a t w o-b yte in teger, and that the long t yp e

is a four-b yte in teger.

/*------------------------------------------------------- --------*/

#include <file.h>

P arameter V alue Reason

Num b er of cloudy pixels

-999 F ew er than 20 cloudy pixels iden tified

Num b er of cloud-free pixels

-999 F ew er than 20 cloudy pixels iden tified

Spatially-a v eraged

-999 F ew er than 20 cloudy pixels iden tified

brigh tness temp erature

Standard deviation of

-999 F ew er than 20 cloudy pixels iden tified

brigh tness temp eratures

Lo w est brigh tness temp erature

-999 F ew er than 20 cloudy pixels iden tified

Cloud-top temp erature

-999 F ew er than 20 cloudy pixels iden tified

P ercen tage cloud-co v er

-999 F ew er than 20 cloudy pixels iden tified

T able 22: Spatially-a v eraged cloud temp erature/co v erage pro duct exceptional v alues

#include <unixio.h>

/*------------------------------------------------------- --------*/

struct acloud_confidence{

int nadir_day_night: 1;

int frwrd_day_night: 1;

int land: 1;

int sea: 1;

int unused: 12;

};

struct view_info{

short number_of_cloudy_pixels;

short number_of_cloud_free_pixels;

short mean_cloudy_bt;

short cloudy_bt_deviation;

short lowest_cloudy_bt;

short cloud_top_temperature;

short percentage_cloudy;

unsigned char histogram[100];

};

struct half_degree_cell{

long day_number;

long secs_in_day;

short latitude;

short longitude;

short across_track_band;

struct view_info nadir;

struct view_info frwrd;

struct acloud_confidence confidence;

};

/*------------------------------------------------------- --------*/

struct half_degree_cell cell_array[20000];

/*------------------------------------------------------- --------*/

main()

{

                                                                                       int acloud_file, cell_loop = 0;

                                                                                       acloud_file = open("ball$303251725_25000_30325_x600.acloud", O_RDONLY, 0, "rfm = fix", "mrs = 244");

                                                                                       while (read(acloud_file, (void *) &cell_array[cell_loop++], 244) == 244);

                                                                                       close(acloud_file);

}

/*------------------------------------------------------- --------*/

The follo wing sample IDL co de demonstrates ho w the spatially-a v eraged cloud temp erature/co v erage

pro duct migh t b e read.

;/*------------------------------------------------------ */

on_ioerror, end_of_file

nadir_percent_map = intarr(720, 360) & frwrd_percent_map = intarr(720, 360)

nadir_ctt_map = intarr(720, 360) & frwrd_ctt_map = intarr(720, 360)

acloud_rec = { file_record, time: lonarr(2), position: intarr(3), $

nadir_stuff: intarr(7), nadir_histogram: bytarr(100), $

frwrd_stuff: intarr(7), frwrd_histogram: bytarr(100), $

confidence: intarr(1) }

acloud_stuff = replicate(acloud_rec, 20000)

;/*------------------------------------------------------ */

openr, 1, ’ball$303251725_25000_30325_x600.acloud’, /fixed, 244

acloud_loop = 0

read_from_sadist_file:

readu, 1, acloud_rec

nadir_percent_map(acloud_rec.position(1), acloud_rec.position(0)) = acloud_rec.nadir_stuff(6)

frwrd_percent_map(acloud_rec.position(1), acloud_rec.position(0)) = acloud_rec.frwrd_stuff(6)

nadir_ctt_map(acloud_rec.position(1), acloud_rec.position(0)) = acloud_rec.nadir_stuff(5)

frwrd_ctt_map(acloud_rec.position(1), acloud_rec.position(0)) = acloud_rec.frwrd_stuff(5)

acloud_stuff(acloud_loop) = acloud_rec

acloud_loop = acloud_loop + 1

goto, read_from_sadist_file

end_of_file:

close, 1

end

;/*------------------------------------------------------ */

11 A TSR instrumen t engineering pro duct (ENG)

11.1 General description

The A TSR instrumen t engineering pro duct con tains temp orally-a v eraged analogue engineering param-

eters from A TSR instrumen t telemetry . The a v eraging p erio d is one min ute; times of data-acquisition

are included within the pro duct.

The pro duct has neither primary nor secondary headers; it con tains A TSR instrumen t engineering

parameters deriv ed from up to a complete file of A TSR ra w data (whic h ma y in most circumstances

b e considered to b e equiv alen t to one ERS-1 orbit).

This pro duct has a fixed-length 560-b yte record format; it has a v ariable length, though the largest

v olume of A TSR ra w data whic h can con tribute to a single A TSR instrumen t engineering pro duct

(appro ximately one orbit) places an upp er limit on the pro duct size.

11.2 Pro duct format

The con ten ts of eac h 560-b yte pro duct record are sho wn in table 23. The A TSR engineering parameters

con tained within eac h record are listed in tables 24 and 25. This telemetry information has b een tak en

from the RAL do cumen t ER-IS-RAL-A T-0019 [ 6 ], whic h should b e the source for further details.

In order to facilitate represen tation of engineering parameters in in teger form, to increase the

p ortabilit y of this pro duct, eac h engineering parameter is stored within the pro duct as man tissa and

exp onen t comp onen ts. The man tissa is a four-b yte in teger, whic h main tains nine significan t figures;

the exp onen t is a one-b yte in teger, whic h indicates the p o w er of ten b y whic h the man tissa m ust b e

m ultiplied, to reconstitute the floating-p oin t represen tation. Therefore:

par ameter = mantissa ∗ 10 exponent

It is b eliev ed that the loss of precision whic h is caused b y the main tenance within this pro duct of only

nine significan t figures for eac h engineering parameter is not relev an t.

Byte range

P arameter description T yp e Unit

0 – 3

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

4 – 7

Time of data (seconds within curren t da y) In teger Seconds

8 – 375

Man tissa comp onen ts (eac h four-b ytes) of one-min ute temp oral a v erages In teger V arious

of ninet y-t w o instrumen t engineering parameters (see tables 24 and 25)

376 – 467

Exp onen t comp onen ts (eac h one-b yte) of one-min ute temp oral a v erages In teger V arious

of ninet y-t w o instrumen t engineering parameters (see tables 24 and 25)

468 – 559

Num b er of samples (eac h one-b yte) in eac h of the In teger None

ninet y-t w o one-min ute a v erages

T able 23: A TSR instrumen t engineering pro duct record

11.3 Notes

• This pro duct has b een revised for SADIST v ersion 600, and is do cumen ted here for the first

time.

• The in teger v alue con taining the n um b er of da ys since Jan uary 1st, 1950, do es not include the

curren t, incomplete da y .

TM.Z P arameter description Unit

1 401 Pixel phase monitor Degrees

2 501 Scan mec hanism enco der temp erature Kelvin

3 502 F o cal plane assem bly v acuum jac k et Kelvin

4 503 F o cal plane assem bly w all plate adapter Kelvin

5 504 Optical b enc h diagonal midp oin t -Z Kelvin

6 505 Optical b enc h base b eam midp oin t -Z Kelvin

7 506 IR enclosure adjacen t to co oler +Z Kelvin

8 507 T emp erature adjacen t to optical b enc h near +XBB Kelvin

9 508 T emp erature adjacen t to optical b enc h near -XBB Kelvin

10 509 IR c hassis under optical b enc h Kelvin

11 510 A TSR baseplate adjacen t to base of co oler electronics unit Kelvin

12 511 IR enclosure ab o v e scan mirror on +Z Kelvin

13 512 IR enclosure inside +Y face Kelvin

14 513 IR enclosure outside -Y face Kelvin

15 514 IR enclosure -Z face at -X rim of nadir baffle Kelvin

16 515 IR enclosure -Z face at -Y p osition on baffle Kelvin

17 516 Signal c hannel electronics housing inside surface Kelvin

18 517 IEU b o x base temp erature Kelvin

19 518 Optical b enc h base b eam adjacen t to +XBB Kelvin

20 519 IR enclosure -Z face at +X rim of nadir baffle Kelvin

21 520 IR enclosure -Z face at -X rim of nadir baffle Kelvin

22 521 Along-trac k baffle +Z face facing MWR instrumen t Kelvin

23 522 Along-trac k baffle -Z temp erature Kelvin

24 523 Along-trac k baffle +X temp erature Kelvin

25 524 Along-trac k baffle -X temp erature Kelvin

26 525 Along-trac k baffle inner rim +X temp erature Kelvin

27 526 Along-trac k baffle inner rim +Z temp erature Kelvin

28 527 Along-trac k baffle inner rim -Z temp erature Kelvin

29 528 Along-trac k baffle inner rim -X temp erature Kelvin

30 529 Nadir baffle inner rim +X temp erature Kelvin

31 530 Nadir baffle inner rim +Y temp erature Kelvin

32 531 Nadir baffle inner rim -Y temp erature Kelvin

33 532 Nadir baffle inner rim -X temp erature Kelvin

34 551 Fixed mirror field stop temp erature 1 Kelvin

35 552 Fixed mirror field stop temp erature 2 Kelvin

36 553 Fixed mirror field stop temp erature 3 Kelvin

37 554 Fixed mirror moun t temp erature Kelvin

38 555 F o cal plane assem bly baffle temp erature Kelvin

39 556 SCC cold tip temp erature Kelvin

40 557 SCC co oling blo c k temp erature Kelvin

41 558 SCC precision resistance thermometer reference v oltage Coun ts

42 562 1.6 μ m detector temp erature Kelvin

43 563 3.7 μ m detector temp erature Kelvin

44 564 11.0 μ m detetctor temp erature Kelvin

45 565 12.0 μ m detector temp erature Kelvin

46 566 F o cal plane assem bly base plate temp erature (not functioning) Kelvin

T able 24: A TSR instrumen t engineering parameters (1 to 46)

TM.Z P arameter description Unit

47 602 +XBB temp erature 1 Kelvin

48 604 -XBB temp erature 1 Kelvin

49 606 +XBB temp erature 5 Kelvin

50 608 BB electronics unit temp erature Kelvin

51 610 -XBB temp erature 5 Kelvin

52 612 +XBB temp erature 2 Kelvin

53 614 +XBB temp erature 3 Kelvin

54 616 +XBB temp erature 4 Kelvin

55 618 +XBB temp erature 6 Kelvin

56 620 +XBB temp erature 7 Kelvin

57 622 -XBB temp erature 2 Kelvin

58 624 -XBB temp erature 3 Kelvin

59 626 -XBB temp erature 4 Kelvin

60 628 -XBB temp erature 6 Kelvin

61 630 -XBB temp erature 7 Kelvin

62 701 SCC op erating frequency Hertz

63 702 SCC compressor A driv e amplitude mV olts (rms)

64 703 SCC compressor A/B amplitude balance Ratio

65 704 SCC compressor A driv e offset mV olts (dc)

66 705 SCC compressor B driv e offset mV olts (dc)

67 706 SCC displacer driv e amplitude mV olts (rms)

68 707 SCC displacer driv e offset mV olts (dc)

69 708 SCC displacer phase Degrees

70 709 SCC con trol temp erature Kelvin

71 710 SCC mean pressure (not op erational) Psi Abs

72 711 SCC +10V reference monitor mV olts

73 712 SCC -10V reference monitor mV olts

74 713 SCC +12V supply monitor mV olts

75 714 SCC -12V supply monitor mV olts

76 715 SCC blo c k heater monitor mW atts

77 716 SCC compressor A curren t (measured as v oltage) mV olts

78 717 SCC compressor B curren t (measured as v oltage) mV olts

79 718 SCC displacer lo op error mV olts

80 719 SCC compressor A p osition pic k off amplitude mV olts (rms)

81 720 SCC compressor B p osition pic k off amplitude mV olts (rms)

82 721 SCC displacer p osition pic k off amplitude mV olts (rms)

83 722 SCC compressor A p osition pic k off temp erature Kelvin

84 723 SCC compressor B p osition pic k off temp erature Kelvin

85 724 SCC displacer p osition pic k off temp erature Kelvin

86 725 SCC displacer flange temp erature Kelvin

87 726 SCC compressor head temp erature Kelvin

88 727 SCC compressor amplifier temp erature Kelvin

89 900 IRR con v erter 1 input p o w er monitor W atts

90 901 ICU con v erter 2 input p o w er monitor W atts

91 902 DEU temp erature monitor 2 (ICU) Kelvin

92 903 DEU temp erature monitor 1 (PCSU) Kelvin

T able 25: A TSR instrumen t engineering parameters (47 to 92)

• One min ute of A TSR ra w data comprises 400 scans/pac k ets. Within SADIST pro cessing, this

corresp onds to fiv e blo c ks, eac h of eigh t y scans/pac k ets.

• Eac h of the engineering parameters within this pro duct is telemetered only once in eac h frame

of eigh t pac k ets. During the full 400 scan/pac k et a v eraging p erio d, there are therefore only

fift y o ccurrences of eac h parameter.

• If the A TSR ra w data a v ailable to SADIST do es not comprise an in teger m ultiple of 400

pac k ets, the a v eraging p erio d of the last set will b e less than one min ute; this ma y b e inferred

from the sample coun t supplied with eac h parameter. If at least three eigh t y-scan blo c ks

con tribute, the time whic h is supplied with eac h set of one-min ute temp oral a v erages is that of

the fortieth A TSR scan within the third blo c k. Otherwise (i.e. few er than three blo c ks

con tribute) the time is that of the fortieth scan within the last blo c k.

11.4 Sample co de

The follo wing sample V AX C co de demonstrates ho w the A TSR instrumen t engineering pro duct migh t

b e read. It assumes that the short t yp e is a t w o-b yte in teger, and that the long t yp e is a four-b yte

in teger.

/*------------------------------------------------------- --------*/

#include <file.h>

#include <math.h>

#include <unixio.h>

/*------------------------------------------------------- --------*/

struct{

long day_number;

long secs_in_day;

long mantissa[92];

char exponent[92];

unsigned char sample_count[92];

} eng_record;

struct eng_converted{

double eng_time;

double eng_value[92];

unsigned char eng_count[92];

};

/*------------------------------------------------------- --------*/

struct eng_converted eng_stuff[120];

/*------------------------------------------------------- --------*/

main()

{

                                                                                       int eng_file, record_loop = 0, parameter_loop, bytes_read;

                                                                                       eng_file = open("hunt$402091245_05220_40209_x600.eng", O_RDONLY, 0, "rfm = fix", "mrs = 560");

/* Read the derived one-minute averages from the product file. */

                                                                                       while ((bytes_read = read(eng_file, (void *) &eng_record, 560)) == 560)

                                                                                       {

eng_stuff[record_loop].eng_time = (double) eng_record.day_number +

((double) eng_record.secs_in_day / 86400.0);

for (parameter_loop = 0; parameter_loop < 92; parameter_loop++)

{

eng_stuff[record_loop].eng_value[parameter_loop] =

(double) eng_record.mantissa[parameter_loop] *

pow(10, (double) eng_record.exponent[parameter_loop]);

eng_stuff[record_loop].eng_count[parameter_loop] = eng_record.sample_count[parameter_loop];

}

record_loop++;

                                                                                       }

                                                                                       close(eng_file);

}

/*------------------------------------------------------- --------*/

The follo wing sample IDL co de demonstrates ho w the A TSR instrumen t engineering pro duct migh t

b e read.

                                                            ;/*------------------------------------------------------ */

                                                            on_ioerror, end_of_file

                                                            eng_rec = { file_record, time: lonarr(2), mantissa: lonarr(92), $

exponent: bytarr(92), sample_count: bytarr(92) }

                                                            eng_converted = { converted_record, eng_time: dblarr(1), eng_value: dblarr(92), eng_count: bytarr(92) }

                                                            eng_stuff = replicate(eng_converted, 120)

                                                            ;/*------------------------------------------------------ */

                                                            openr, 1, ’hunt$402111050_12345_40211_x600.eng’, /fixed, 560

                                                            eng_loop = 0

                                                            read_from_eng_file:

                                                            readu, 1, eng_rec

                                                            eng_stuff(eng_loop).eng_time = double(eng_rec.time(0)) + (double(eng_rec.time(1)) / 86400.0)

                                                            for parameter_loop = 0, 91 do begin

;/* This exponent derivation is necessary since IDL does not have a signed-byte data-type. */

exponent = fix(eng_rec.exponent(parameter_loop))

if (exponent gt 127) then exponent = exponent - 256

eng_stuff(eng_loop).eng_value(parameter_loop) = double(eng_rec.mantissa(parameter_loop)) * $

(10.0 ^ double(exponent))

eng_stuff(eng_loop).eng_count(parameter_loop) = eng_rec.sample_count(parameter_loop)
endfor

eng_loop = eng_loop + 1

goto, read_from_eng_file

end_of_file:

close, 1

end

;/*------------------------------------------------------ */

12 A TSR/M micro w a v e instrumen t ra w data pro duct (MWR)

12.1 General description

The A TSR/M micro w a v e instrumen t ra w data pro duct con tains the ra w data from the A TSR/M mi-

cro w a v e instrumen t (natc h), with auxiliary information describing source pac k et times, the A TSR/IR

and A TSR/M sub-comm utation frames and instrumen t status, and the activ e instrumen t (SAR,

SCA TT, RA) blanking pulses.

The pro duct has neither primary nor secondary headers; it con tains records deriv ed from up to a

complete file of A TSR ra w data (whic h ma y in most circumstances b e considered to b e equiv alen t to

one ERS-1 orbit).

This pro duct has a stream format, with implied 21-b yte records; it has a v ariable length, though

the largest v olume of A TSR ra w data whic h can con tribute to a single A TSR/M micro w a v e instrumen t

ra w data pro duct (appro ximately one orbit) places an upp er limit on the pro duct size.

12.2 Pro duct format

The con ten ts of eac h 21-b yte pro duct record are sho wn in table 26. The record con ten ts are transcrib ed

from a single A TSR source pac k et, and source pac k et b yte-ordering is main tained. This means that

b yte-ordering do es not in all cases follo w the DEC standard, and that some deco ding is necessary .

Byte(s)

Source Bits (0 is lsb) TM # P arameter description T yp e Unit

0 – 3

6 – 9 0 – 31 TM.Z105 Satellite clo c k at time of pac k et In teger sec/256

4 11 5 – 7 TM.Z107 A TSR/IR frame coun ter In teger None

4 11 0 – 4 TM.Z106 A TSR/M frame coun ter In teger None

5 48 0 – 1 TM.Z219 A TSR/M status w ord In teger None

6 49 6 – 7 TM.Z220 A TSR/IR status w ord In teger None

7 – 8

136 – 137 0 – 10 TM.Z952 SAR blanking pulse pixel In teger Coun t

7 – 8

136 – 137 11 – 15 TM.Z951 SAR blanking pulse sub-pixel offset In teger Coun t

9 – 10

138 – 139 0 – 10 TM.Z958 SCA TT blanking pulse pixel In teger Coun t

9 – 10

138 – 139 11 – 15 TM.Z957 SCA TT blanking pulse sub-pixel offset In teger Coun t

11 – 12

140 – 141 0 – 10 TM.Z964 RA blanking pulse pixel In teger Coun t

11 – 12

140 – 141 11 – 15 TM.Z963 RA blanking pulse sub-pixel offset In teger Coun t

13 – 20

3992 – 3999 All – A TSR/M micro w a v e ra w data Comp osite V arious

T able 26: A TSR/M micro w a v e instrumen t ra w data pro duct record

Satellite clo c k (TM.Z105)

Bytes 0 to 3 within eac h pro duct record con tain b ytes 6 to 9 from the A TSR source pac k et. These

b ytes hold the v alue of the satellite clo c k at the time of the source pac k et.

The b ytes are held in decreasing significance; that is, the most significan t b yte is first, and the

least significan t b yte is last. This do es not conform to the DEC standard for in teger represen tation

(whic h is to hold b ytes in increasing significance). On a DEC system, therefore, the b ytes m ust b e

sw app ed if they are to b e in terpreted as a 32-bit w ord.

A mec hanism for doing this using V AX C is sho wn in the sample co de.

Note that this pro duct do es not con tain calibration parameters for the satellite clo c k. The clo c k

has a resolution of appro ximately 4 milliseconds; giv en an A TSR scan time of 150 milliseconds, the

clo c k incremen ts b y an a v erage of 38.4 p er scan/pac k et. The clo c k has a range of appro ximately

six mon ths, so a n um b er of resets are exp ected within the mission. Users who require calibration

parameters for the satellite clo c k should con tact RAL.

A TSR/IR (TM.Z107) and A TSR/M (TM.Z106) frame coun ters

Byte 4 within eac h pro duct record con tains b yte 11 from the A TSR source pac k et. This b yte holds the

A TSR/IR and A TSR/M instrumen t frame coun ters, whic h sp ecify pac k et n um b ers within the data

sub-comm utation p erio d for the instrumen ts.

The most significan t three bits con tain the A TSR/IR frame coun ter. This cycles from 0 to 7,

defining pac k ets within the A TSR/IR frame of eigh t scans/pac k ets.

The least significan t fiv e bits con tain the A TSR/M frame coun ter. This cycles from 0 to 31,

defining pac k ets within the A TSR/M frame of thirt y-t w o scans/pac k ets.

A TSR/IR (TM.Z220) and A TSR/M (TM.Z219) status w ords

Byte 5 within eac h pro duct record con tains b yte 48 from the A TSR source pac k et. This b yte holds the

A TSR/M instrumen t status w ord. Note that this is a t w o-bit w ord, whic h is stored within the least

significan t t w o bits of the b yte, and that the status w ord is v alid only for A TSR/IR frame n um b er 5.

In other frames, the meaning is undefined.

Byte 6 within eac h pro duct record con tains b yte 49 from the A TSR source pac k et. This b yte

holds the A TSR/IR instrumen t status w ord. Note that this is a t w o-bit w ord, whic h is stored within

the most significan t t w o bits of the b yte, and that the status w ord is v alid only for A TSR/IR frame

n um b er 5. In other frames, the meaning is undefined.

T able 27 defines the p ossible v alues for eac h of these parameters.

V alue

Meaning

0 Instrumen t unp o w ered

1 Instrumen t unp o w ered

2 Instrumen t in run-up

3 Instrumen t nominal

T able 27: A TSR/M and A TSR/IR instrumen t status w ords

SAR (TM.Z952 & TM.Z951), SCA TT (TM.Z958 & TM.Z957) and RA (TM.Z964 &

TM.Z963) blanking pulses

Bytes 7 and 8 within eac h pro duct record con tain b ytes 136 and 137 from the A TSR source pac k et.

These b ytes hold the p osition within the A TSR scan of the first blanking pulse from the Syn thetic

Ap erture Radar instrumen t. Bytes 9 and 10 within eac h pro duct record con tain b ytes 138 and 139

from the A TSR source pac k et. These b ytes hold the p osition within the A TSR scan of the first

blanking pulse from the Wind Scatterometer instrumen t. Bytes 11 and 12 within eac h pro duct record

con tain b ytes 140 and 141 from the A TSR source pac k et. These b ytes hold the p osition within the

A TSR scan of the first blanking pulse from the Radar Altimeter instrumen t.

Note that, in eac h case, the b yte-ordering is the same as that within the source pac k et: the

most significan t b yte is first. The sample co de sho ws ho w the original t w o-b yte w ords migh t b e

reconstructed on a DEC system, using V AX C.

Within eac h t w o-b yte w ord, the least significan t elev en bits con tain a coun t v alue describing the

n um b er of the A TSR pixel during whic h the first activ e instrumen t blanking pulse o ccurred. The

calibration is:

pixel number = count + 2 where pixel numb er has the range 1 to 2000. This calibration includes a consideration of the fact that

the coun t v alue do es not allo w for the one-pixel dela y b et w een in tegration and transmission.

The most significan t fiv e bits con tain the dela y b et w een the pixel sync hronisation pulse and the

start of the blanking pulse; this ma y b e used to lo cate the p osition of the blanking pulse at a sub-pixel

resolution. The calibration of this sub-pixel dela y is giv en in table 28.

Coun t

Sub-pixel dela y/ μ s

0 0.0 – 2.0

1 1.2 – 5.2

2 4.4 – 8.4

3 7.6 – 11.6

4 10.8 – 14.8

5 14.0 – 18.0

6 17.2 – 21.2

7 20.4 – 24.4

8 23.6 – 27.6

9 26.8 – 30.8

10 30.0 – 34.0

11 33.2 – 37.2

12 36.4 – 40.4

13 39.6 – 43.6

14 42.8 – 46.8

15 46.0 – 50.0

16 49.2 – 53.2

17 52.4 – 56.4

18 55.6 – 59.6

19 58.8 – 62.8

20 62.0 – 66.0

21 65.2 – 69.2

22 68.4 – 72.4

23 71.6 – 75.6

24 74.8 – 78.8

25 – 31

Not v alid

T able 28: Calibration of blanking pulse sub-pixel offsets

12.2.1 A TSR/M micro w a v e ra w data

Since SADIST p erforms no pro cessing of the A TSR/M micro w a v e ra w data, it is not within the scop e

of this do cumen t to describ e its format and con ten t. The do cumen t ER-TN-CRP-A T-0042 [ 5 ] pro vides

a general description of the A TSR/M instrumen t and its telemetry .

12.3 Notes

• This pro duct has b een revised for SADIST v ersion 600, and is do cumen ted here for the first

time.

• Note that records within this pro duct ma y not b e con tin uous. Where a source pac k et is not

presen t within the the telemetered ra w data, no record will b e pro duced. The satellite clo c k

should b e the basis for detection of suc h discon tin uit y .

12.4 Sample co de

The follo wing sample V AX C co de demonstrates ho w the A TSR/M micro w a v e instrumen t ra w data

pro duct migh t b e read. It assumes that the short t yp e is a t w o-b yte in teger, and that the long t yp e

is a four-b yte in teger.

/*------------------------------------------------------- -------------*/

#include <file.h>

#include <unixio.h>

/*------------------------------------------------------- -------------*/

struct interpreted_mwr{

unsigned long clock;

unsigned char irr_frame; unsigned char mwr_frame;

char irr_status; char mwr_status;

short sar_blank_pixel; short sar_blank_offset;

short scatt_blank_pixel; short scatt_blank_offset;

short ra_blank_pixel; short ra_blank_offset;

unsigned char mwr_raw_data[8];

};

/*------------------------------------------------------- -------------*/

struct interpreted_mwr mwr_stuff[50000];

/*------------------------------------------------------- -------------*/

void interpret_mwr_record(unsigned char mwr_record[21], long record_count)

{

                                                                                        int byte_loop;

                                                                                        unsigned short sar_blank, scatt_blank, ra_blank;

/* Reconstitute four-byte satellite binary clock. Note that the bytes are ordered in

decreasing significance. */

                                                                                        mwr_stuff[record_count].clock = ((unsigned long) mwr_record[0] << 24) |

((unsigned long) mwr_record[1] << 16) |

((unsigned long) mwr_record[2] << 8) |

((unsigned long) mwr_record[3]);

/* Extract the ATSR/IR and ATSR/M frame counters. */

                                                                                        mwr_stuff[record_count].irr_frame = (mwr_record[4] & 0xe0) >> 5;

                                                                                        mwr_stuff[record_count].mwr_frame = (mwr_record[4] & 0x1f);

/* Extract the ATSR/IR and ATSR/M status words. Note that these words are valid only

within ATSR/IR frame number five. */

                                                                                        if (mwr_stuff[record_count].irr_frame == 5)

                                                                                        {

mwr_stuff[record_count].irr_status = (mwr_record[6] & 0xc0) >> 6;

mwr_stuff[record_count].mwr_status = (mwr_record[5] & 0x03);

                                                                                        }

                                                                                        else

                                                                                        {

mwr_stuff[record_count].irr_status = -1;

mwr_stuff[record_count].mwr_status = -1;

                                                                                        }

/* Decode the SAR, SCATT, and RA blanking pulse summaries. First, the original two-byte

words must be reconstructed; then the pixel numbers and sub-pixel offsets can be

extracted. */

                                                                                        sar_blank = (unsigned short) mwr_record[7] << 8 | (unsigned short) mwr_record[8];

                                                                                        scatt_blank = (unsigned short) mwr_record[9] << 8 | (unsigned short) mwr_record[10];

                                                                                        ra_blank = (unsigned short) mwr_record[11] << 8 | (unsigned short) mwr_record[12];

                                                                                        mwr_stuff[record_count].sar_blank_pixel = (sar_blank & 0x07ff);

                                                                                        mwr_stuff[record_count].sar_blank_offset = (sar_blank & 0xf800) >> 11;

                                                                                        mwr_stuff[record_count].scatt_blank_pixel = (scatt_blank & 0x07ff);

                                                                                        mwr_stuff[record_count].scatt_blank_offset = (scatt_blank & 0xf800) >> 11;

                                                                                        mwr_stuff[record_count].ra_blank_pixel = (ra_blank & 0x07ff);

                                                                                        mwr_stuff[record_count].ra_blank_offset = (ra_blank & 0xf800) >> 11;

/* Store the ATSR/M raw data. */

                                                                                        for (byte_loop = 0; byte_loop < 8; byte_loop++)

mwr_stuff[record_count].mwr_raw_data[byte_loop] = mwr_record[byte_loop + 13];

}

/*------------------------------------------------------- -------------*/

main()

{

                                                                                        unsigned char mwr_record[21];

                                                                                        long mwr_file, bytes_read, mwr_loop = 0;

                                                                                        mwr_file = open("hurst$402041110_25000_40204_x600.mwr", O_RDONLY, 0);

                                                                                        while ((bytes_read = read(mwr_file, mwr_record, 21)) == 21)

                                                                                        {

interpret_mwr_record(mwr_record, mwr_loop);

mwr_loop++;

                                                                                        }

                                                                                        close(mwr_file);

}

/*------------------------------------------------------- -------------*/

A SADIST pro duct file nomenclature

Eac h SADIST pro duct has a file-name whic h con tains information sp ecifying:

• Time of data acquisition (in the form of the time of the previous ascending no de crossing);

• Along-trac k distance, or relativ e scan n um b er (from ascending no de) of pro duct start;

• Date of pro duct generation;

• V ersion of SADIST used for pro duct generation;

• Pro duct t yp e.

The format of a SADIST pro duct file-name is:

r eq uestor $ y r

n mo

n dy

n hr

n mi

n dist y r

g mo

g dy

g v er s.ty pe

where:

r eq uestor is a string of up to t w elv e c haracters whic h defines the requestor of the pro duct. Note

that this information has particular relev ance at RAL, in whic h place pro ducts requested b y

man y individuals and/or organisations ma y reside.

y r

n is the single-digit y ear n um b er of the time of the last ascending no de crossing b efore the start of

the pro duct; 1 is 1991, 2 is 1992 . . . .

mo

n is the t w o-digit mon th n um b er of the time of the last ascending no de crossing b efore the start

of the pro duct; 1 is Jan uary , 2 is F ebruary . . . .

dy

n is the t w o-digit n um b er of the da y within the mon th sp ecified b y mo

n

.

hr

n is the t w o-digit n um b er of the hour within the da y sp ecified b y dy

n

.

mi

n is the t w o-digit n um b er of the min ute within the hour sp ecified b y hr

n

.

dist is the distance (in km) along the sub-satellite trac k from the last ascending no de crossing to

the start of the pro duct, or the n um b er of the first A TSR scan to con tribute to the pro duct,

relativ e to the last ascending no de crossing.

y r

g is the single-digit y ear n um b er of the time of pro duct generation; 1 is 1991, 2 is 1992 . . . .

mo

g is the t w o-digit mon th n um b er of the time of pro duct generation; 1 is Jan uary , 2 is F ebruary

. . . .

dy

g is the t w o-digit n um b er of the da y within the mon th sp ecified b y mo

g

.

v er s is the n um b er of the SADIST v ersion whic h w as used to deriv e the pro duct. The three-digit

v ersion n um b er is preceded b y a letter t in pre-op erational v ersions of SADIST; b y a letter x

in op erational V AX v ersions of SADIST; and b y a letter a in op erational Alpha AXP v ersions

of SADIST.

ty pe is the pro duct t yp e:

acloud spatially-a v eraged cloud temp erature/co v erage pro duct.

alst spatially-a v eraged land-surface temp erature pro duct.

asst spatially-a v eraged sea-surface temp erature pro duct.

bro wse brigh tness temp erature bro wse image pro duct.

bt . . . brigh tness temp erature image pro duct.

cloud land-flagging/cloud-iden tification results image pro duct.

coun ts deco ded detector coun t image pro duct.

eng A TSR instrumen t engineering pro duct.

mcloud A TSR/M micro w a v e cloud pro duct.

m wr A TSR/M micro w a v e instrumen t ra w data pro duct.

nsst nadir-only sea-surface temp erature image pro duct.

sst sea-surface temp erature image pro duct.

F or example, the SADIST pro duct:

stiles$109041400 15000 10905 x600.sst

is a sea-surface temp erature image pro duct, whic h w as requested b y stiles . The data used w ere

acquired during the orbit whose ascending no de crossing w as on Septem b er 4, 1991, at 14:00, and

the pro duct w as generated on Septem b er 5, 1991. The pro duct b egins at an along-trac k distance of

15000km; it w as generated using SADIST v ersion 600, running on a V AX system.

A.1 Brigh tness temp erature image pro duct file-name extension

Apart from the primary and secondary headers, the con ten ts of brigh tness temp erature image pro ducts

are wholly selectable b y the the SADIST user at the time of generation. In addition to v alues within

the primary header, the pro duct con ten ts whic h are actually presen t ma y b e determined using the

extension to the pro duct file-name:

• If the extension is bt , the pro duct is complete; all optional con ten ts are presen t. Otherwise,

the pro duct is not complete. The extension will b e bt- , follo w ed b y a series of c haracters

indicating whic h pro duct con ten ts ar e presen t.

• If the extension includes g , the pixel geolo cation information (pixel latitude/longitude v alues

and x/y offsets) is presen t.

• If the extension includes na , all nadir-view c hannel images (12.0 μ m, 11.0 μ m, 3.7/1.6 μ m) are

presen t.

• If the extension includes n1 , the nadir-view 12.0 μ m image is presen t.

• If the extension includes n2 , the nadir-view 11.0 μ m image is presen t.

• If the extension includes n3 , the nadir-view 3.7/1.6 μ m image is presen t.

• If the extension includes fa , all forw ard-view c hannel images (12.0 μ m, 11.0 μ m, 3.7/1.6 μ m) are

presen t.

• If the extension includes f1 , the forw ard-view 12.0 μ m image is presen t.

• If the extension includes f2 , the forw ard-view 11.0 μ m image is presen t.

• If the extension includes f3 , the forw ard-view 3.7/1.6 μ m image is presen t.

A.2 Brigh tness temp erature bro wse image pro duct file-name extension

Apart from the primary header, the con ten ts of brigh tness temp erature bro wse image pro ducts are

wholly selectable b y the the SADIST user at the time of generation. In addition to v alues within

the primary header, the pro duct con ten ts whic h are actually presen t ma y b e determined using the

extension to the pro duct file-name:

• If the extension is bro wse , the pro duct is complete; all optional con ten ts are presen t.

Otherwise, the pro duct is not complete. The extension will b e bro wse- , follo w ed b y a series of

c haracters indicating whic h pro duct con ten ts ar e presen t.

• If the extension includes na , all sub-sampled nadir-view c hannel images (12.0 μ m, 11.0 μ m,

3.7/1.6 μ m) are presen t.

• If the extension includes n1 , the sub-sampled nadir-view 12.0 μ m image is presen t.

• If the extension includes n2 , the sub-sampled nadir-view 11.0 μ m image is presen t.

• If the extension includes n3 , the sub-sampled nadir-view 3.7/1.6 μ m image is presen t.

• If the extension includes fa , all sub-sampled forw ard-view c hannel images (12.0 μ m, 11.0 μ m,

3.7/1.6 μ m) are presen t.

• If the extension includes f1 , the sub-sampled forw ard-view 12.0 μ m image is presen t.

• If the extension includes f2 , the sub-sampled forw ard-view 11.0 μ m image is presen t.

• If the extension includes f3 , the sub-sampled forw ard-view 3.7/1.6 μ m image is presen t.

A.3 Notes

• Note that, within the file-names of pro ducts whic h are not precisely-geolo cated images

(COUNTS, ASST, ALST, A CLOUD, MWR, MCLOUD, ENG), the along-trac k distance is

strictly sp eaking a r elative sc an numb er ; that is, since precise geolo cation has not b een

p erformed, the v alue used in suc h cases is the n um b er of the first A TSR scan, relativ e to the

previous ascending no de, to con tribute to the pro duct. Though this appro ximates to the

along-trac k distance, it is not the same thing.

B Pro duct v ersion history

F ollo wing are descriptions of c hanges made within SADIST since its inception whic h ha v e affected

pro duct format or con ten ts.

17th July 1991: Launc h of ERS-1; release of SADIST v ersion 100

1st No v em b er 1991: Release of SADIST v ersion 110

F ormat c hanges in tro duced in v ersion 110

• Added 512-b yte ASCI I header to the deco ded infra-red coun t image pro duct.

• Changed format of the 25km geolo cation reference grid supplied with lev el 1.5 and lev el 2.0

image pro ducts. Grid previously stored as 529 8-b yte records (eac h record con taining a single

latitude/longitude pair); grid no w stored as t w o 2116-b yte records (the first con taining all 529

latitude v alues; the second con taining all 529 longitude v alues).

Con ten t c hanges in tro duced in v ersion 110

• A TSR scan cone angle v alue mo dified; most along-trac k nadir/forw ard-view collo cation error

remo v ed.

• 25km reference grid in terp olation error within land-flagging corrected. Error w as causing

along-trac k error in land-flagging of up to 25km.

• Visible steps in 12.0 μ m, 11.0 μ m and 3.7 μ m c hannel images due to automatic detector

gain/offset c hanges ha v e b een remo v ed. Previously , calibration co efficien ts w ere deriv ed using

a v eraged blac k-b o dy v alues; no w, single scans are used.

• Incorrect ordering of lo ok-up tables con taining blac k-b o dy brigh tness temp erature to radiance

and sea-surface temp erature retriev al co efficien ts has b een fixed.

• Incorrect determination of longitude of pro ducts o ccuring b efore the Equator has b een fixed.

Suc h pro ducts previously assigned longitude with appro ximate 25 degree error.

• Remo v ed pitc h and roll steering of A TSR scan cone relativ e to ERS-1 platform; steering of

ERS-1 already ac hiev es lo cal v ertical p oin ting of satellite and A TSR z-axes.

• Blanking pulse information no w feeds through to lev el 1.5 and lev el 2.0 image pro ducts.

• Sea-surface temp erature image pro duct no w con tains nadir-only sea-surface temp erature

v alues; this will con tin ue whilst nadir/forw ard-view collo cation errors remain.

• In terp olation of sea-surface temp erature from deriv ed regional v alues corrected for areas north

of the Equator; fixed incorrect calculation of in terp olation w eigh ts within high-resolution and

spatially-a v eraged sea-surface temp erature deriv ation.

• Gross cloud c hec k in spatially-a v eraged sea-surface temp erature deriv ation no w uses correct

thresholds. This test is latitude-dep enden t. Incorrect latitudes, resulting from incorrect

deco ding of the latitude/longitude comp osite w ord, w as causing lo w er thresholds than

exp ected to b e used; and, hence, less cloud to b e detected.

13th No v em b er 1991: Release of SADIST v ersion 120

Con ten t c hanges in tro duced in v ersion 120

• Appro ximate 2 K error within deriv ed sea-surface temp eratures traced to incorrect ordering of

lo ok-up tables con taining blac k-b o dy brigh tness temp erature to radiance and sea-surface

temp erature retriev al co efficien ts; this problem w as only partially solv ed within v ersion 110

(see ab o v e).

20th Decem b er 1991: Release of SADIST v ersion 200

Con ten t c hanges in tro duced in v ersion 200

• Extra flag added to the confidence w ord of the spatially-a v eraged sea-surface temp erature

pro duct; this indicates whether eac h sea-surface temp erature v alue w as acquired during the

da y- or nigh t-time.

• A pitc h correction of appro ximately 0.1 degrees has b een applied to the A TSR scan cone.

Nadir/forw ard-view collo cation errors are no w v ery small.

• Spherical trigonometry within pixel geolo cation no w uses geo cen tric, rather than (incorrect)

geo detic latitudes. All latitudes are con v erted to geo detic b efore b eing written to SADIST

image pro ducts.

• New cloud test in tro duced. This compares nadir 11.0 μ m/12.0 μ m and nadir/forw ard 11.0 μ m

differences. If the difference b et w een the differences is large (initial threshold is 0.6 K), b oth

nadir and forw ard view pixels are cloudy . This test is also p erformed within spatially-a v eraged

sea-surface temp erature deriv ation; in this case, the test uses ten-arcmin ute a v erages of

brigh tness temp erature.

• High-resolution images whic h cross the Equator are no w p ermitted. Previously , this

exceptional case caused man y problems within geolo cation.

22nd Jan uary 1992: Release of SADIST v ersion 210

Con ten t c hanges in tro duced in v ersion 210

• Since geolo cation errors still exist, and land-flagging has a lo w resolution, sea-surface

temp erature v alues are deriv ed for all land/sea pixels, in the in terests of not discarding v alid

data. Con ten ts of confidence w ord can still b e used to retriev e results of

land-flagging/cloud-iden tification.

• Fixed incorrect use of cloud-iden tification thresholds due to erroneous arra y subscripting.

23rd Jan uary 1992: Release of SADIST v ersion 220

Con ten t c hanges in tro duced in v ersion 220

• Geolo cation error of appro ximately 0.2 degrees (20km) traced to p ersisten t incorrect con v ersion

of the 25km geolo cation reference grid to geo detic latitudes; in terp olation uses the grid in a

geo cen tric form; latitudes are con v erted to geo detic b efore b eing written to image pro ducts.

17th F ebruary 1992: Release of SADIST v ersion 230

Con ten t c hanges in tro duced in v ersion 230

• Changes made to 1.6 μ m reflectance histogram cloud test. 100% reflectance reference v alue

mo dified; detection of sunglin t impro v ed; new histogram parameters and relectance thresholds

pro vided.

4th Marc h 1992: Release of SADIST v ersion 300

F ormat c hanges in tro duced in v ersion 300

• Larger (1024-b yte) headers pro vided with lev el 1.5 and lev el 2.0 high-resolution image

pro ducts.

• 25km geolo cation reference grid no w stored as scaled in tegers. Eac h v alue has units of

degrees/1000.

Con ten t c hanges in tro duced in v ersion 300

• T o reduce “record gro o ving” (visible c hange from scan to scan in brigh tness temp erature and

sea-surface temp erature images), blac k-b o dy temp erature measuremen ts no w a v eraged o v er a

p erio d of scans. T o a v oid previous visible calibration c hanges, detector gains and offsets still

extracted from eac h scan.

6th Marc h 1992: Release of SADIST v ersion 310

Con ten t c hanges in tro duced in v ersion 310

• Corrected in terp olation errors within pixel geolo cation at edges of nadir and forw ard-view

scans leading to spatially-a v eraged sea-surface temp erature deriv ation. Note that only

spatially-a v eraged sea-surface temp erature pro ducts affected.

24th July 1992: Release of SADIST v ersion 400

Con ten t c hanges in tro duced in v ersion 400

• New high-resolution land-flag in tro duced. Land-flag deriv ed at RAL from CIA’s W orld Data

Bank I I. Callable at three resolutions: one degree; six arcmin utes (1/10 degree); and thirt y-six

arcseconds (1/100 degree). Highest resolution used for high-resolution land-flagging; medium

resolution used for spatially-a v eraged land-flagging.

• Land-flagging error of appro ximately 0.19 degrees traced to use of geo cen tric—rather than

geo detic—latitudes (again). 25km reference grid v alues no w con v erted to geo detic b efore use

within land-flagging.

• Large geolo cation errors detected when using ESRIN-distributed restituted orbital elemen ts

within orbit propagation ha v e b een fixed; error w as caused b y SADIST allo wing ERSORB to

p erform correction of p osition and v elo cit y v ectors, but k eeping the original state v ector time.

A mismatc h b et w een time, p osition and v elo cit y resulted, whic h w as an ything up to 200km.

Note that suc h errors o ccurred only when restituted elemen ts w ere used.

• Filling of 3.7 μ m/1.6 μ m image within lev el 1.5 brigh tness temp erature pro duct impro v ed;

missing pixels no w filled with the ma jorit y c hannel, whic hev er that is (previously , filling to ok

place only if one c hannel w as presen t). Suc h pixels are flagged (as b efore) as cosmetically filled.

• Headers of lev el 1.5 brigh tness temp erature and lev el 2.0 sea-surface temp erature pro ducts

no w con tain en try whic h indicates the t yp e of orbital elemen ts used during orbit propagation

(ground-station; ESRIN-predicted; ESRIN-restituted).

• Dual-view, m ulti-c hannel sea-surface temp erature v alues no w calculated for all cloudy pixels.

This mak es sense: if the pixel is actually cloud-free, w e ha v e the b est a v ailable sea-surface

temp erature; if the pixel really is cloudy , the v alue is in v alid an yw a y . The results of

cloud-iden tification still app ear within the confidence w ord.

• Within sea-surface temp erature image pro ducts, 11.0 μ m brigh tness temp eratures are supplied

for land pixels; deriv ed sea-surface temp eratures w ould mak e no sense o v er land. The go o d

qualit y of geolo cation and land-flagging mak e this viable.

• Coast/lak e flags ha v e b een remo v ed from sea-surface temp erature image pro duct confidence

w ord; they ha v e nev er b een used b y SADIST.

• The partly-cloudy pixel cloud test has b een remo v ed; the flag whic h stored the result of this

test within the sea-surface temp erature image pro duct confidence w ord has also b een remo v ed.

Its place is no w tak en b y a flag whic h stores the results of cloud-iden tification on the forw ard

view c hannels (i.e. bit zero is the nadir cloud flag; bit one is the forw ard cloud flag).

• Cloud-iden tification has b een m uc h impro v ed: the 1.6 μ m reflectance histogram test has b etter

sunglin t detection, and refined reflectance thresholds; the 11.0 μ m spatial coherence test

p erforms p ost-pro cessing of 3 * 3 pixel b o x results to iden tify and restore sharp fron ts wrongly

iden tified as cloud; the nadir/forw ard view-difference test no w uses the 3.7 μ m and 11.0 μ m

c hannels at nigh t (and the 11.0 μ m and 12.0 μ m c hannels during the da y , as b efore); a new

thermal histogram test attempts to iden tify cloud whic h has passed all other cloud tests.

26th Jan uary 1993: Release of SADIST v ersion 410

Con ten t c hanges in tro duced in v ersion 410

• Previously , the “calibration” of the 1.6 μ m c hannel used the a v erage of the blac k-b o dy

radiances to deriv e a calibration bias. This sc heme failed if and when the data compression

mo de w as suc h that the appropriate blac k-b o dy a v erage w as not presen t. The calibration no w

uses the engineering parameter (TMZ277) whic h con tains the a v erage blac k-b o dy radiance in

the 1.6 μ m c hannel. This is alw a ys presen t.

18th Ma y 1993: Release of SADIST v ersion 500

F ormat c hanges in tro duced in v ersion 500

• As p er Section 1.3, all pro ducts no w ha v e fixed-length record formats.

• The deco ded infra-red coun ts image pro duct (COUNTS) no w con tains more instrumen t

engineering and c hannel calibration parameters. P ac k et times are pro vided for eac h image

scan.

• The primary high-resolution image pro ducts (COUNTS, BT, SST) ha v e redesigned primary

headers, whose con ten ts are all ASCI I text, and secondary headers, whic h are pro vided for

p ost-pro cessing storage b y users of SADIST pro ducts.

• The geolo cated primary high-resolution image pro ducts (BT, SST) no w ha v e precise

geolo cation (latitude/longitude and pixel x/y offsets) for eac h pixel. In terp olation within the

25km reference grid is no longer necessary . The ten-arcmin ute cell n um b ers ha v e b een remo v ed

from the brigh tness temp erature image pro duct; they w ere obsolete.

• The brigh tness temp erature image pro duct has undergone radical redesign. The c hannel

images are no longer in terlea v ed; this, in conjunction with the new fixed-length record format,

enables random access to the pro duct con ten ts to b e p erformed simply . Also, pro duct con ten ts

are no w requestable b y the SADIST user. Geolo cation information and c hannel images ma y b e

omitted if they are not required. V alues within the primary header and the file-name extension

indicate whic h pro duct con ten ts are actually presen t.

• The spatially-a v eraged land-surface temp erature pro duct is new to SADIST v ersion 500.

Con ten t c hanges in tro duced in v ersion 500

• Calibration of the infra-red c hannels no w extends to lo w er temp eratures. The 12.0 μ m and

11.0 μ m c hannels are calibrated to 150 Kelvin (-123C); the 3.7 μ m c hannel is calibrated to 197

Kelvin (-76C). Suc h calibration is of course not necessary for sea-studies, and is in tended to b e

of assistance to those studying high (and therefore cold) cloud using A TSR data.

• The cosmetic filling of unfilled 3.7/1.6 μ m pixels within brigh tness temp erature image pro ducts

no w attempts to fill from the nearest pixel (whic hev er c hannel that con tains). Previously ,

pixels ma y only ha v e b een used for filling others if they b elonged to the ma jorit y c hannel

within the image. This c hange will ha v e an effect only when b oth 3.7 μ m and 1.6 μ m pixels

exist within the same image; the result will b e that all pixels will b e filled, rather than only

those neigh b oured b y a pixel from the ma jorit y c hannel.

• Pixel geolo cation has b een wholly redesigned. The previous sc heme, whic h used spherical

trigonometry to p erform pixel geolo cation, has b een abandoned in fa v our of a sc heme whic h

p erforms geolo cation using v ector algebra. The curren t geolo cation and collo cation accuracies

are TBD.

• The thresholds determining maxim um and minim um p ermissible high-resolution sea-surface

temp eratures within the sea-surface temp erature image pro duct (263K and 313K) ha v e b een

remo v ed. Since the sea-surface temp erature pro duct is liable to con tain some brigh tness

temp erature v alues (where land has b een detected), imp osition of thresholds w as a p oin tless

exercise, and w as leading to p ossibly-v aluable information b eing remo v ed from the pro duct.

• A bug within 25km reference grid in terp olation during land-flagging of brigh tness temp erature

image pro ducts crossing the Green wic h Meridian has b een corrected. The bug resulted in the

app earance of circular artefacts within the image land flag.

• The spatially-a v eraged sea-surface temp erature pro duct no w con tains three sea-surface

temp erature v alues p er half-degree cell: one deriv ed using nadir-view data only; another using

dual-view data only; and a third using the b est a v ailable data (dual-view if p ossible; nadir-only

otherwise). Examination of whic h pro vides the b est represen tation of ground truth will follo w.

• A bug in the gross-cloud test within cloud-iden tification of high-resolution image data has

b een fixed. The bug related to the deriv ation of the latitude of an image pixel from the pixel

ten-arcmin ute cell n um b er. Deriv ation w as incorrect, and w as resulting in the use of a

gross-cloud threshold whic h w as significan tly to o high, o v er m uc h of the Earth’s surface. This

test w as effectiv ely disabled, and cloud-iden tification w as forced to rely on other tests.

• The 11.0/12.0 μ m thermal histogram cloud-iden tification test no w includes a far more rigorous

searc h for the b est a v ailable histogram p eak. The 1.6 μ m reflectance histogram

cloud-iden tification test no w p erforms a spatial coherence test if a dynamic threshold could

not b e deriv ed (i.e. if the histogram p eak is to o p o orly defined).

• V alues within deco ded infra-red detector coun ts pro ducts no w use 4095 within all c hannels to

indicate c hannel saturation.

• Negation of 11.0 μ m v alues (rather than 12.0 μ m) is no w used within deco ded infra-red detector

coun ts and brigh tness temp erature image pro ducts to iden tify blanking pulses.

• The cosmetic fill flag (previously iden tified b y the negation of ten-arcmin ute cell n um b ers in

the brigh tness temp erature image pro duct, whic h are no w defunct) is no w flagged b y the

negation of 12.0 μ m brigh tness temp erature v alues.

• A bug whose effect w as a mis-in terp olation of the longitudes of pixels close to the -180/180

degree meridian during spatially-a v eraged pro duct (ASST, ALST) deriv ation has b een fixed.

A small n um b er of pixels w ere v ery badly geolo cated, and did not con tribute to

spatially-a v eraged pro ducts.

• P ost-pro cessing smo othing is no w p erformed on sea-surface temp erature image pro ducts. The

smo othing in v olv es recalculation of the atmospheric correction for eac h pixel, based on the

mean of the previously-deriv ed atmospheric correction for the 3 * 3 pixel b o x cen tred on the

pixel in question (the mean correction used is the mean difference b et w een 12.0 μ m brigh tness

temp erature and deriv ed sea-surface temp erature v alues).

• Incorrect calculation of solar azim uth difference angles (within the headers of brigh tness

temp erature and sea-surface temp erature image pro ducts) has b een corrected. Elev ation and

azim uth difference angles are no w signed, where appropriate.

25th Ma y 1994: Release of SADIST v ersion 600

F ormat c hanges in tro duced in v ersion 600

• The brigh tness temp erature bro wse image pro duct (BR O WSE) has b een redesigned.

Sub-sampled brigh tness temp eratures are no w pro vided at the full t w o-b yte temp erature

resolution. The pro duct ma y con tain sub-sampled v ersions of eac h of the nadir- and

forw ard-view images. The pro duct header has b een enlarged, and includes the orbit state

v ector, and instrumen t detector temp eratures.

• The A TSR/M micro w a v e instrumen t ra w data pro duct (MWR) has b een redesigned, to

conform with the UK-P AF pro duct UK.A TS.0.P100. It is describ ed in this do cumen t for the

first time.

• The A TSR instrumen t engineering pro duct (ENG) has b een redesigned, It is describ ed in this

do cumen t for the first time.

Con ten t c hanges in tro duced in v ersion 600

• The spatially-a v eraged cloud temp erature/co v erage pro duct (A CLOUD) is new to SADIST

v ersion 600.

• SADIST v600 supp orts V AX and Alpha AXP platforms. Though source co de is iden tical,

there exist differences b et w een pro ducts; these differences are quan tified in app endix C. Note

that pro duct file-names no w con tain a letter whic h iden tifies the source system.

• Incorrect use of SADIST’s 25km pixel geolo cation grid w as resulting in the generation of an um b er of image pro ducts con taining longitudes greater than 180 degrees w est; SADIST w asfailing to adjust suc h longitudes to accoun t for the crossing of the -180/180 degree meridian.The anomalous image longitudes w ere causing artefacts within land-flagging, and, hence,cloud-clearing.

Affected images w ere deriv ed from A TSR ascending passes o v er the w esternP acific, and descending passes o v er northern Asia; these areas are sho wn in figure 2.Figure

2: Lo cations of longitude anomalies due to incorrect geolo cation grid adjustmen t•

The appro ximate image acquisition time within the headers of brigh tness temp erature imageand sea-surface temp erature image pro ducts has b een mo dified. Previously , there w as noprecise definition of whic h time w as used; it w as p ossible to assume only that the time w asthat of an A TSR scan whic h con tributed to the nadir-view image. The time is no w that of thescan whic h supplies the cen tral pixel within the first nadir-view image line. Note that, sinceA

TSR’s scan is conical, the other pixels within the first image line are supplied b y differen t(later) scans, and therefore ha v e differen t (later) times.•

P ost-pro cessing smo othing of sea-surface temp erature image pro ducts no w uses the 11.0 μ mc hannel, in preference to the 12.0 μ m c hannel. A TSR’s 11.0 μ m detector displa ys a greatersignal to noise ratio than its 12.0 μ m detector, so is a b etter candidate for the smo othingalgorithm.•

The attempt in the dev elopmen t of v ersion 500 to correct a bug whose effect w as amis-in terp olation of the longitudes of pixels close to the -180/180 degree meridian during88 spatially-a v eraged pro duct (ASST, ALST) deriv ation w as fault y . One geolo cation error w assubstituted for another; the effect of the new error w as to map a n um b er of pixels on to eac hother, reducing sligh tly the spatial co v erage, and pro ducing a small n um b er of anomaloussea-surface temp eratures.•

Calibration of v ery lo w 1.6 μ m reflectances has b een tidied up. Prior to v ersion 600, thecalibration of v ery lo w signals from the 1.6 μ m detector w as resulting in a n um b er ofapparen tly negativ e reflectances. This is paten t nonsense. If the deriv ed reflectance isnegativ e, it is no w fixed to -1, whic h is the recognised v alue for missing data.•

In exceptional cases, the deriv ation of spatially-a v eraged pro ducts w as failing to gathertogether all pixels within a half-degree cell. The effect of this w as that there app eared within asmall n um b er of pro ducts to b e duplicated v alues for a small n um b er of cells. Eac h v alue w ascorrect, but only for the limited n um b er of pixels whic h con tributed to it. The p erio d o v erwhic h the spatial-a v eraging is p erformed has b een increased, and this anomaly no longer exists.•

Incorrect handling of m ultiple requests for COUNTS pro ducts w as resulting in the lastpro duct of eac h request (eac h strip of con tiguous pro ducts) con taining data from differen tparts of an orbit. Note that this anomaly w as presen t only when m ultiple requests forCOUNTS and higher-lev el pro ducts w ere made. This is no w fixed.•

The 1.6 μ m histogram cloud-iden tification test no w includes b etter handling of v ery narro whistograms, whic h o ccur when the 1.6 μ m signal is v ery uniform. Lo cation of histogram p eaks,and deriv ation of histogram thresholds, no w handle v ery narro w histograms explicitly .89

C Residual differences b et w een SADIST for V AX and AlphaAXPSADIST v600 for V AX/VMS and SADIST v600 for Alpha AXP originate from iden tical source co de.Their pro ducts, ho w ev er, exhibit small differences, whic h this section will attempt to quan tify , for eac hof the four primary SADIST pro ducts. These differences arise from the radically differen t arc hitecturespresen t within V AX and Alpha AXP systems; in particular, the t w o systems use differen t standards(with differen t precisions) for double-precision floating-p oin t arithmetic. Geolo cation of A TSR pixelswithin

SADIST pro cessing mak es free use of double-precision floating-p oin t arithmetic; it is b eliev edthat the great ma jorit y of pro duct differences are in tro duced at this stage.Deco ded infra-red coun t image pro duct (COUNT) differencesF our deco ded infra-red coun t image pro ducts w ere generated b y SADIST v600 on V AX and AlphaAXP systems, then compared. The pro ducts w ere:*$40103095015978*.coun ts*$401030950

16538*.coun

17098*.coun

17658*.coun tsV AX and Alpha AXP v ersions of these pro ducts con tained no differences. This is consisten t with theassumption that most pro duct differences are in tro duced b y the pro cess of pixel geolo cation.Brigh tness temp erature image pro duct (BT) differencesT en brigh tness temp erature image pro ducts, ev enly spaced around a single orbit, w ere generated b ySADIST v600 on V AX and Alpha AXP systems, then compared. The pro ducts w ere:*$40103095016000*.bt*$40103095020000*.bt*$40103095024000*.bt*$40103095028000*.bt*$40103095032000*.bt*$40103095036000*.bt*$40103113000001*.bt*$40103113004000*.bt*$40103113008000*.bt*$40103113012000*.btT ables 29 to 36 con tain the results of suc h comparisons. Eac h table describ es the differences presen twithin a single parameter, and pro vides three v alues for eac h pro duct: the n um b er of pixels whic hare differen t in the V AX/Alpha images; the mean difference b et w een the V AX/Alpha images; andthe standard deviation of the differences b et w een the V AX/Alpha images. When using the tables, b ea w are that:•The means and standard deviations of the image differences are pro vided in the same units asthe image con ten ts; that is, degrees/1000 for latitude and longitude images, Kelvin/100 fortemp erature images, and images.•

Eac h image con tains 512 × 512 = 262144 pixels.90

• Differences in latitudes and longitudes b et w een V AX and Alpha images w ere no greater thanone-thousandth of a degree; this is the smallest difference whic h can b e recognised b y theprecision of the latitude/longitude v alues, but is still large enough to result in A TSR pixelsb eing placed in differen t image pixels, p oten tially causing large difference in brigh tnesstemp eratures b et w een V AX and Alpha images. The spatial v ariabilit y of temp erature withinan image determines the exten t to whic h v ery small geolo cation differences result in largetemp erature differences.Pro duct name# pixelsMean diff.St. dev. of diffs*$40103095016000*.bt345-6.14e-40.0363*$40103095020000*.bt0*$40103095024000*.bt0*$40103095028000*.bt547-1.29e-30.0456*$40103095032000*.bt2657.25e-50.0320*$40103095036000*.bt0*$40103113000001*.bt0*$40103113004000*.bt0*$40103113008000*.bt0*$40103113012000*.bt391-4.96e-50.0386T able 29: V AX/Alpha differences b et w een latitudes in BT pro ductsPro duct name# pixelsMean diff.St. dev. of diffs*$40103095016000*.bt26950.01020.101*$40103095020000*.bt25189.61e-30.0975*$40103095024000*.bt25989.91e-30.0990*$40103095028000*.bt31390.01110.109*$40103095032000*.bt5622.03e-30.0462*$40103095036000*.bt7072.70e-30.0518*$40103113000001*.bt82.29e-50.00552*$40103113004000*.bt953.62e-40.0190*$40103113008000*.bt3391.29e-30.0359*$40103113012000*.bt1512-1.70e-30.0759T able 30: V AX/Alpha differences b et w een longitudes in BT pro ductsSea-surface temp erature image pro duct (SST) differencesT en sea-surface temp erature image pro ducts, ev enly spaced around a single orbit, w ere generated b ySADIST v600 on V AX and Alpha AXP systems, then compared. The pro ducts w ere:*$40103095016000*.sst*$40103095020000*.sst*$40103095024000*.sst*$40103095028000*.sst*$40103095032000*.sst91

Pro duct name# pixelsMean diff.St. dev. of diffs*$40103095016000*.bt1251.29e-31.14*$40103095020000*.bt30-2.30e-32.37*$40103095024000*.bt52-0.10755.5*$40103095028000*.bt1975.48e-32.61*$40103095032000*.bt557.67e-40.430*$40103095036000*.bt43-5.95e-42.05*$40103113000001*.bt533.06e-32.86*$40103113004000*.bt50-3.51e-31.87*$40103113008000*.bt651.19e-31.46*$40103113012000*.bt1421.48e-2103.0T able 31: V AX/Alpha differences b et w een nadir-view 12.0 μ m temp eratures in BT pro ductsPro duct name# pixelsMean diff.St. dev. of diffs*$40103095016000*.bt1095.84e-41.18*$40103095020000*.bt31-1.90e-32.56*$40103095024000*.bt38-0.10855.8*$40103095028000*.bt1924.23e-32.48*$40103095032000*.bt321.18e-30.559*$40103095036000*.bt337.06e-42.07*$40103113000001*.bt473.61e-32.72*$40103113004000*.bt51-3.18e-32.14*$40103113008000*.bt673.18e-31.59*$40103113012000*.bt1324.98e-38.13T able 32: V AX/Alpha differences b et w een nadir-view 11.0 μ m temp eratures in BT pro ductsPro duct name# pixelsMean diff.St. dev. of diffs*$40103095016000*.bt105-2.40e-33.35*$40103095020000*.bt92.25e-40.837*$40103095024000*.bt27-4.28e-33.92*$40103095028000*.bt167-9.64e-36.11*$40103095032000*.bt28-1.44e-30.496*$40103095036000*.bt17-6.48e-50.0188*$40103113000001*.bt310.0236*$40103113004000*.bt38-2.29e-50.0130*$40103113008000*.bt40-4.58e-50.0170*$40103113012000*.bt93-1.79e-40.0859T able 33: V AX/Alpha differences b et w een nadir-view 1.6 μ m reflectances in BT pro ducts92

Pro duct name# pixelsMean diff.St. dev. of diffs*$40103095016000*.btn/an/an/a*$40103095020000*.bt23-8.42e-33.30*$40103095024000*.bt27-1.37e-40.191*$40103095028000*.bt110-1.56e-41.32*$40103095032000*.bt59-7.25e-50.642*$40103095036000*.bt59-4.16e-32.10*$40103113000001*.bt663.71e-313.0*$40103113004000*.bt618.53e-246.1*$40103113008000*.bt533.85e-30.669*$40103113012000*.bt102-1.00193.0T able 34: V AX/Alpha differences b et w een forw ard-view 12.0 μ m temp eratures in BT pro ductsPro duct name# pixelsMean diff.St. dev. of diffs*$40103095016000*.btn/an/an/a*$40103095020000*.bt15-9.70e-33.25*$40103095024000*.bt173.97e-40.198*$40103095028000*.bt110-2.40e-41.32*$40103095032000*.bt502.21e-40.679*$40103095036000*.bt44-4.99e-31.83*$40103113000001*.bt58-5.04e-33.57*$40103113004000*.bt478.53e-246.2*$40103113008000*.bt492.55e-30.669*$40103113012000*.bt112-0.01295.55T able 35: V AX/Alpha differences b et w een forw ard-view 11.0 μ m temp eratures in BT pro ductsPro duct name# pixelsMean diff.St. dev. of diffs*$40103095016000*.btn/an/an/a*$40103095020000*.bt107.14e-31.90*$40103095024000*.bt181.24e-32.95*$40103095028000*.bt838.56e-34.22*$40103095032000*.bt333.13e-40.167*$40103095036000*.bt14-5.720.0210*$40103113000001*.bt17-1.49e-40.0220*$40103113004000*.bt403.43e-50.0235*$40103113008000*.bt27-1.14e-50.0147*$40103113012000*.bt521.14e-50.133T able 36: V AX/Alpha differences b et w een forw ard-view 1.6 μ m reflectances in BT pro ducts93

*$401030950

36000*.sst

*$401031130

00001*.sst

04000*.sst

08000*.sst

12000*.sst T able 37 con tains the results of suc h comparisons. The table pro vides four v alues for eac h pro duct:the n um b er of pixels in the pro duct whic h con tain clear (uncloudy) sea; the n um b er of clear sea pixelswhic h are differen t in the V AX/Alpha images; the mean difference b et w een clear sea pixels in theV

AX/Alpha images; and the standard deviation of the differences b et w een clear sea pixels in theV

AX/Alpha images. When using the table, b e a w are that:•

The means and standard deviations of the sea-surface temp erature differences are pro vided inthe same units as the image con ten ts; that is, Kelvin/100;•

Eac h image con tains 512 × 512 = 262144 pixels.Pro duct name# clear sea# diffMean diff.St. dev. of diffs*$40103095016000*.sst0n/an/an/a*$40103095020000*.sst1502176-2.99e-30.0725*$40103095024000*.sst696763833.01e-30.558*$40103095028000*.sst0n/an/an/a*$40103095032000*.sst5435310.03501.12*$40103095036000*.sst962487206.96e-41.38*$40103113000001*.sst100985817-4.75e-44.20*$40103113004000*.sst37120.0735*$40103113008000*.sst38850.01802.45*$40103113012000*.sst16059132-4.30e-34.48T able 37: V AX/Alpha differences b et w een sea-surface temp eratures in SST pro ductsSpatially-a v eraged sea-surface temp erature pro duct (ASST) differencesThree spatially-a v eraged sea-surface temp erature pro ducts w ere generated b y SADIST v600 on V AXand

Alpha AXP systems, then compared. The pro ducts w ere:*$40103095015658*.asst*$40103113015019*.asst*$40103131013811*.asstT able 38 con tains the results of suc h comparisons. The table pro vides four v alues for eac h pro duct: then um b er of cells in the pro duct whic h con tain clear (uncloudy) sea; the n um b er of clear sea cells whic hare differen t in the V AX/Alpha images; the mean difference b et w een clear sea cells in the V AX/Alphaimages;

and the standard deviation of the differences b et w een clear sea cells in the V AX/Alpha images.When using the table, b e a w are that:• same units as the pro duct con ten ts; that is, Kelvin/100;94

• The comparisons used only those cells con taining v alues in b oth V AX and Alpha pro ducts.The v alues paren thesised after the n um b er of cells sho ws the n um b er of cells con taining asea-surface temp erature v alue in one pro duct, but not the other; these cells w ere not includedin the deriv ation of means and standard deviations.Pro duct name# cells# diffMean diff.St. dev. of diffs*$40103095015658*.asst

(nadir)2218 (12)19-2.71e-30.112(mixed)2218(12)112-0.1122.59(dual)2218(12)992.99e-21.29*$40103113015019*.asst

(nadir)2043 (44)16-4.89e-40.0965(mixed)2043(44)207-0.4496.14(dual)2043(44)166-0.04102.96*$40103131013811*.asst

(nadir)862 (9)9-0.1133.21(mixed)862(9)48-0.3283.27(dual)862(9)35-0.02111.16T able 38: V AX/Alpha differences b et w een spatially-a v eraged sea-surface temp eratures in ASST pro d-ucts95

D Changes to this do cumen tF ollo wing is a description of c hanges made to this do cumen t since the last release ( SADIST Pr o ducts(V ersion 500) , 24 Ma y 1993).•

Errors in the sample co de supplied with the definitions of the brigh tness temp erature imagepro duct and the sea-surface temp erature image pro duct ha v e b een corrected. The v ariablesno dexv elo cit y , no deyv elo cit y and no dezv elo cit y , within the primary headersdeclared b y b oth the C and IDL co de, w ere previously sho wn as 12 b ytes long. The correctlength is 10 b ytes, as sho wn within tables 6 and 8.•

Within the descriptions of pixel geolo cation & x/y offsets supplied with brigh tnesstemp erature and sea-surface temp erature image pro ducts, the p ositions of pixel x-offsets andy-offsets ha v e b een corrected. Previously , this do cumen t stated thatEac h one-b yte pixel x/y offset con tains an x-offset (that is, an offset in theacross-trac k direction) within the most significan t four bits, and a y-offset (that is,an offset in the along-trac k direction) within the least significan t four bits.This w as incorrect; the p ositions of the offsets are rev ersed. The correct description, whic happ ears in sections 3.4.1 and 4.4.1 of this do cumen t, is:Eac k direction) within the least significan t four bits, and a y-offset (that is,an offset in the along-trac k direction) within the most significan t four bits.•

Description of the new spatially-a v eraged cloud temp erature/co v erage pro duct has b eenadded, with appropriate references within the in tro duction and app endices.•

Description of the redesigned brigh tness temp erature bro wse image pro duct has b een added,with appropriate references within the in tro duction and app endices.•

Description of the redesigned A TSR instrumen t engineering pro duct has b een added, withappropriate references within the in tro duction and app endices.•

Description of the redesigned A TSR/M micro w a v e instrumen t ra w data pro duct has b eenadded,

The file unit used within the sample C co de for the brigh tness temp erature image pro duct w asinconsisten t; it is no w btfile in all cases.•

The use of v ariables of t yp e b yte in sample C co de has b een discon tin ued. This is a V AX Cextension.

The standard v ariable t yp e unsigned c har is no w used.•

References to do cumen ts describing the ERS-1 A TSR/M micro w a v e instrumen t telemetry , andthe

A TSR S-band telemetry , ha v e b een added.•

Description of the use of the “sign bit” of 12.0 μ m and 11.0 μ m detector coun t and brigh tnesstemp erature v alues to store blanking pulses and cosmetic fill flags w as extremely slopp y , andhas b een remo v ed. The correct description is that suc h v alues are ne gate d . Negation is not thesame as setting the sign bit, unless in tegers are represen ted using a sign-magnitude standard.V

AXes, and Alphas, and Suns, and most other mac hines, use t w os-complimen t in tegerrepresen tation, so it’s imp ortan t that the description is clear.•

A new app endix quan tifies the residual differences b et w een pro ducts from SADIST v600 forV

AX/VMS and SADIST v600 for Alpha AXP .96

E Glossary and abbreviationsAlong-trac k distance Distance to a p oin t on the ground-trac k from the previousascending no de crossing (cf. relativ e scan n um b er)Ascending no de P oin t of north w ard Equator crossing b y satellite(cf.

descending no de)Blac k-b o dy An idealised b o dy whic h absorbs all radiation inciden t up onit, with no reflection, and whic h emits with p erfectefficiencyBrigh tness temp erature T emp erature of p erfectly-emitting blac k-b o dy whic h w ouldpro duce equiv alen t emitted radiation at a particularw a v elengthCloud-iden tification Determination of cloud-con ten t of A TSR data usingthreshold/uniformit y tests applied to com binations ofa v ailable brigh tness temp eraturesCollo cation Spatial matc hing of data within A TSR forw ard and nadir viewsConfidence w ord Collection of summaries of pro cessing results, whic hcomprise an indication of the confidence with whic h suc hresults ma y b e usedCoun t Result of analogue-to-digital con v ersion of the signalfrom an A TSR detectorDescending no de P oin t of south w ard Equator crossing b y satellite(cf.

ascending no de)Geolo cation Determination of the Earth lo cation of acquired A TSR dataGround-trac k The lo cus of the sub-satellite p oin t o v er a p erio d of timeHigh-resolution

In the con text of A TSR imagery , pro duct con ten ts whic h existat the full resolving p o w er of the instrumen t. (moresp ecifically , for A TSR, 1 km)Housek eeping Those sections of A TSR ra w data whic h con tain informationconcerning the status of the satellite/instrumen t hardw areLand-flagging

Determination of the surface c haracteristic (land or sea)of a p oin t on the Earth’s surface, b y reference to a databaseof suc h informationPrepro cessor The user in terface, data prepro cessor and task sc hedulerwithin the SADIST systemReflectance

The exten t to whic h inciden t radiation is reflected (ratherthan absorb ed, to b e emitted later as heat) at a surfaceRelativ e scan n um b er Num b er of an A TSR scan relativ e to that whic h o ccurred at97 the previous ascending no de crossing (cf. along-trac kdistance)Rep eat-cycle Unin terrupted sequence of orbits at the b eginning and theend of whic h, the p osition of a satellite is (withinappropriate tolerances) the same. The ERS-1 mission includes3-da y , 35-da y , and 168-da y rep eat-cyclesSea-surface temp erature Appro ximation to the actual temp erature at the sea-surfacederiv ed using a com bination of brigh tness temp eratures atthe w a v elengths and viewing angles pro vided b y A TSRSla v e A batc h pro cess to whic h actual A TSR data-pro cessing ma y b edelegated b y a SADIST prepro cessorSource pac k et Enco ded A TSR scan, as telemetered to an ERS-1 ground-stationSpatially-a v eraged In the con text of A TSR imagery , pro duct con ten ts whic h ha v eb een deriv ed via com bination of a n um b er of adjacen t inputv alues (more sp ecifically , for A TSR, 30 arcmin utes)State v ector Precise p osition and v elo cit y of ERS-1 in three dimensions atsp ecified time (commonly ascending no de crossing)Sub-satellite p oin t P oin t on the Earth’s surface at whic h the lo cal normalin tersects the satelliteT ranscrib ed pro ducts SADIST pro ducts whic h are the result of filtering ofappropriate data b y SADIST, rather than pro cessing of dataUniv ersal time A measure of time that conforms, within a closeappro ximation, to the mean diurnal motion of the sun, andwhic h serv es as the basis of all civil timek eeping. F or thepurp oses of this do cumen t, univ ersal time ma y b e consideredto b e equiv alen t to Green wic h timeASCI

I American Standard Co de for Information In terc hangeASST

Av erage Sea-Surface T emp eratureA

TSR Along-T rac k Scanning RadiometerA

TSR/M A TSR Micro w a v e instrumen tBPI

Bits P er Inc hBT

Brigh tness T emp eratureCCT

Computer Compatible T ap e98

CLI Command-Line In terpreterCPU

Cen tral Pro cessing UnitDCL

Digital Command LanguageDEC

Digital Equipmen t Corp orationEECF

Earthnet ERS-1 Cen tral F acilit y (at ESRIN)ERS-1

First Europ ean Remote-sensing SatelliteERSORB

ERS-1 ORBit propagator soft w areESA

Europ ean Space AgencyESRIN

Europ ean Space Researc h INstitute (F rascati, Italy)IR

Infra-RedLRDTF

Lo w-Rate Data T ranscription F acilit y (F ucino ground-station, Italy)PR

T Platin um Resistance ThermometerRAL

Rutherford Appleton Lab oratoryRA

TSR A TSR ra w dataSADIST

Syn thesis of A TSR Data In to Sea-surface T emp eraturesSST

Sea-Surface T emp eratureUK-P

AF United Kingdom ERS-1 Pro cessing and Arc hiving F acilit y(F arn b orough, UK)UT

Univ ersal TimeV

AX/VMS Virtual Address eXtension/Virtual Memory System99