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Abstract

Altimeter data from satelhtes are being used in an ongoing effort to obtain data
sets with temporal as well as global coverage. This report describes the algo-
rithms formulated and the programs written for the use of altimeter data from
the European Space Agency (ESA) European Remote Sensing Satellite, ERS-1;
for a repeat track analysis of ocean currents. It also presents some results from
the California Current region.
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1 Introduction

This report describes the use of altimeter data from the European Space Agcnc,'
(ESA) European Remote Sensmg Satellite, ERS-1; for the analysis of ocean cur-

-rents. It is,the continuation of the altimeter analyms developed previously by
‘Caruso et al. [1990] for the U:S. Navy alt:metnc satellite; GEOSAT. The common

purpose of. both projects was to perform & ‘repeat’ ot ‘collinear’ track analysis,
which requued cottmg the data into collinear tricks, correcting the: sea.-surfa.ce
hexghtl for various measurement errors, and: regnddxng the along-track datatoa
common gnd i1},

The major difference betwéen the two projects is that the ERS:1 satellite has
two phases. The first phase consists- of a three-day. repea.t orbit and the second
phase’ consists of a- 35-day repeat orbit. The satellite remains in the first- phase

-for the: ﬁrst thres: months of the year,’ and then switches:to- the second . phase
for, the rest of the yea.r. Tlus has necessitated the:rewriting of several. of the
GEOSAT data- proceasmg routmes %0, that they can work on the two unique ERS.1-
.orbits. Smcc the processmg is snmlar for the GEOSAT and ERS-1 altimeters, an

effort was made to use as many of. the:GEOSAT analysis_ programs as possuble
This teport presents’ the similarities and differences.in:the two data sets'and the

‘modxﬁcatxons that were made.to accommodate the ERS 1 data.

Sectxon 2 describes the farmat in which the raw data arestored and the routines
needed to convert it to the GEOSAT format. Section 3 describes the orbit parain-

eters and characteristics for the.two phases of the satellite. Section 4 outlines the.

steps required to label and store the data according to phase, cycleand orbxt nun-
bers so'as to.facilitate repeat track analysis. It-then analyzes the relabeled data
from the California Current region for the derivation of mean sea surface heights.
Section 5 shows some resuls obtained from the analysis performed in section 4.

rFma!ly, section 6 contams descriptions of the various C-program routmes
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2 Geophysical Data Record, IGDR
The:raw altimeter data 2rc pr. g b,‘ the Npghan! (lrv:m-g sphic and At
wenpheric Adminisiration {SOAAL using progrions widedh mpege crbonneides
dinformation and add -corrections fud tides and thevd) Cmes. Ench ge-phosicad
datn fetord; called an 1GIH. i064 hytes ke, H::z:'e"-\."i = GDR will eefer to
CROSAT gt-np}n sichl dma. record, whereas 3(:1)& At reder tean BRST go phys
“icat dita fecord. Jr order 1o sake ddvaniage o :z:v setines wlrendy dritten 1o
. process GEOSAT date, the JGRRs-wevepewritces Bn QD furniat using the rou
) . Ling.er@geas. Table 1oghews. the mepding of the I l’*- 6D Eelds Curculumn
y Vo) into the GOK fivlds ‘u«.::..:: three’, The pasarotens (rmeated wili wind
; T speedstatistics (ﬂeldb 1, 12 ard 13, corteotias tothe height relatbve to the
roftnl;gn oflipscit] {feld 200, sniegrazed elefeor demsity (Feld 2% angd peakinuss
- {ficld 23) digd ot have corresponding QDR feldy Howovir, ther Wwere .t ptededd,
for this analyily and-were, theselore, discnrded. The o, which swas indiaded
as.n.part- ofsan 1GDR, was stafed -Feporately soconivom L the GPRTofuras,
\'hhk- Aghows “the-s m-ppx gu the Lag.bils Iforsanion ooy u‘x%x A‘-fﬂag?hils‘

1

. sk el ained, “Hig 4, which indirates.a maanrent T water, andehit 1 whehe N ;
. indicates.a s‘nﬂuw FALET It nienend e, L b i u»a.':. wm'u anhe used '
’ A% B CTOSST v"orcmc‘mdifuiv Loamethee report BriCamze o ) “"W A:
,;3, Otbita.l?fcharaé;teristiés g
. . 4
TheERS- Fsatellite Has two supriat orviid D e st g, (lchabeavesagodor
-phase oreis. dépictedin Figaee & Figure D shows tu.:".:;':- for phvse Pwenwdi b, .
' - -the Netthwest Py Sliuru.,':w e fnfividaa’ veaeks w2l e dnde iug: sishable
+ ew glubix) doverugeplot. fd shis 5 ‘w\o Bhese o I smirkod. by ad {hvee.due '
¥  Tepeat period aid thug: previde gw\c: temponn eeveninte. However h\"apd(‘ ag :
i helwgeh Lragks is: app,'o:.:m:..a,v j‘é of honghurde Fhape i is rearked £ by o 85-diy . .
w;wnmmmd w:‘.:u iedpacing betnre, trere sedeed o appne ‘:z::..z.o'v a2 0f
Jongitde,
TheJGDRssdot expictvsinepioe whomisiondse B ndem ol ;
‘ ?(.ula.t*'s...rt‘ and. end times dez dach phave evens otz thR e peried foreach
; eyl is chleniated, ,\\‘rh;’x.".!:5*‘:)0:.:«(; shifin e shoewigin 54 danre. omerks :
g XHT tra:}siﬁon“{mx"*pf’a‘ét::v 1 - phasetar, ():u.::. pesid van be (rienlntes by
dividing the avele pasind by tre mendicol urhit i el erde. Jable Fapmia 4
:
. 3}

;
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Table 1: Geophysical Data Record Contents

| Item ERS-1 IGDR GEOSAT CDR Units Range Bytes
Parameters Parameters :
1 | UTC(Since 1/1/85) ute 3 20 5° 4
2 UTC{contd.) utem s x10°¢ 0to1® 4
3 Latitude lat Degrees x10-8 =827 4
4 Longitude lon Degrees x10-8 0 t0 3.60° 4
5 Orbit ! orb mm 7.7 t0 8.18 4
6 Flags (see text) 4
7 H (uncorrected) m.h cm =15 4
8 Sigma (H) s.h cm 0 to 100 2
9 SWH swh cm 0 10 2500 2
10 Sigma (SWH) ! s.swh m 5 to 100 2
1 Wind Speed {  (not used) 0.1ms™! 0 to 350 2
12 { Sigma (Wind Speed) |  (not used) 0.lms™? 0to 35 2
13 No. in Average (not used) 10 to 20 2
14 Geoid , geoid m =15° 2
15 Solid Tide ; s_tide mm = 500 2
16 ! Ocean Tide ! o.tide mm + 5000 2
17 Wet (NMC) w_fnoc mm 0 to 400 2
18 | Dry (NMC) d.fnoc mm ~2100 to -2400 | 2
19 Toro iono mm 0 to —200 2
20 | HCorm. (Cal) . (not used) mm + 1000 2
21 . Sigma-Naught . s_naught 0.01 dB 0 to 4000 2
22 Int. Electron Dens. (not used) o 2! 2
23 Peakiness (not used) 0.01 100 to 170 2
24 Wet (SMMR) w_smmr mm 0 to ~400 2
25 Wet (SMMI) | w_smmi mm 0 to ~400 2
3
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Figure 2: Ascending orbit tracks for one complete cycle in phase 2 (1993 data}:

Northwest Pacific region

Tahle 3: Orbital Parameters
Parameter GEOQSAT t ERS.1, Phase 1 | ERS-1, Phase 2
Cycle Period (days) 17 K - 35
Orbital Period (seconds) 6037.55 , 6027.91 6035.94
Orbit Inclination (degrees) 107.98 1 98.516 08.543
Ascending Node (degrees Jongitude) | 356.5876 } 24.36 20.96
Orbits Per Cycle 244 43 501
Reference Date Janvary 1, 1985 ; January 1, 1985 | January 1, 1985
Start Time for 1992 {seconds} 58403168.68 221171732.92 229207416.26
Start Time for 1993 (seconds) 252620775.26 | 265495424.13
Spacing between successive .
data points (seconds) ,0.98 0.98 0.98
Intra-cycle track spacing !
(degrees longitude) \ 2 0.2
Number of ¢ycles £ 30 30 8
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rizes these, and some other wasion o the s phiweennd compares them with
Ahe GEOSAT date orbit. Ji.cut: be seets that the two sateliies have very- difforetit
orbisal. characteristics and thus-dita Som boak cannoy be merged fot collmear
-analysis.

4  Ropeat Track Analysis

Although an effort wis made te mhe Uy waprais written L GROSAT protessing
by converting the data fom JODE foomal v Ga wld GROSAT format, several
programs roguited Apecific orbit alemation and needed o b niedified. Those
progrems are felebaced with en J preceding e Sd name Theessensinl dilfference
‘betworn the ol aud the new noutines isehe éaiculntion ofurbitel paremesers, sueks
as.period and inclination, Besed v e detenmination o phiave by Jooking as the
time record.

4.1 Orbit Numbering

Ju.order to carry-out fepeat sravsan
data from-simt. region, are finst extrae

e . . oy . .
s of the Novtnwest Pusifc Ocent region,

win earh ropord boing hbeled with o

M)

phase, evcle and-orbit aumbes soe Tadic 4l Orbis 2o mes herod sequentully snd:

are distinelfor enck phase. Phare we Bas 3 webiteand phase two has FH orbits,
A-now cyele-is started when the-saielfise hears oo repeat Snrnngeach phase, 3
days for phasc one and 35 days for phase 1w Thas a-GDIL & phase-one,
eycle one and ascending orbiz ene o she sevellie wodld b leleleds. plenititand,
Thix-can be-done using the peagenm rgivagren Data frone the tove peazs, 1992
and: 1093, can.be aralyzed 1ogetter Howerer, date fronnthe twoophases fanunt,
since.the satellise orbitsiare differont A the tve phased o

Onee data froma- pasticatar regi. s eximaated mit Whvleds phiases obie and
twoscan e put inssedarate alregtories, sinee Ind dnirdw fanthes: cannt be
analysed vofetherar (his stage. Withlneack phase @recrors.vieh epele is given
itw own sepasate Aubdirectory Than b safifge voe prevhascaciupls, the GDR
P00 Trom year- 1952wl b sivored Bt dlrectary 1002 p1 ol
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Table 4: Naming Conventions for record plemmm.onnn

i number | description range

: 1| phase 1 (3-day)

; 2 (35-day)

Y mmm i cycle 000-029 (for I=1)
i 000-007 (for =2)
¢ o ! orbit a (ascending)

' d (descendir3)

¢ nnn ! orbit 000-042 (for I=1)
; 1 000-500 (for 1=2)

4.2 GDR Processing

After the GDRs havé been split into individual orbits for the region of interest,
they must be filtered, corrected and regridded. The original GEOSAT filtering
routines, g.clean2 and g.spike and correction routine, g.correct, were used with-
out modification. The splining of the cleaned data to a uniform rectangular grid
is carried out using the routine ig.spline (Section 6.4), which is a modified version
of the GEQOSAT- g_spline routine.

" Once all the GDRs are cleaned, corrected and regridded, they can be analyzed
using the modified repeat analysis routine, ig.repeats (Section 6.3). This routine
calculates mean sea surface height from repeat-track data and subtracts it from
each cycle. Orbital errors are removed by fitting a sine function {one cycle per
revolution), to the residuals and subtracting it.

4.3 Calculation of Geostrophic Velocities
The final stage is to calculate geostrophic velocities, using ssh (sea surface height)
residuals. The relationship between ssh and geostrophic velocity, V [2}, is:

V=G ®

where:

g is gravitational force = 9.8ms™?,

fc is the Coriolis force = 2Qsinfyq.,

6k is ssh difference between two successive points on the track (meters), and

7
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Juieps of over B o B order wooserte o T nedee sl profiles were fow-
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Figure 5: RMS offshore (solid line} and onshore velacity (dotted-line) for subtrack
006

e

figqie 6: RMS offshiore (solid line) and onishore velocity (dotted line) for subtrack
-al49"
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6 Program Descriptions
Alist of the aew raniines thig have been wdger, Bl e Altlmeler Dine pr«»tvsaing
litwary of routines 1 prcess ERS.. dose bogiven i Talie 3 A detailed deseription
of these rontines foliaws bele
L Program *dmrz;stw: ) z
t!ﬂﬂsms Converts, IGDR furmas Sae 1o GO S et e f
i;.rcgmn Separates raw FRS GORe it sogent ol o008 1 @ spesified region
m.mpmts § Porlormi seportars c.:.z..\s 5 *..9::,., a sisusedte? el cormection 1
1 m_sp}nn- % Sp?wv- D}y 1+ e unil an alvude geid

"

Tavde 3 List of FRS-, promrares

6.1 cors2goeos

This-program. reads i e BR8N dire S5 1GBR fomnas and weites ont the
data i GDR fornal, The mapping o IGOK feds 0. GDR rmd-‘. Is CATRen DL R
shuwn in Table 1. The parieeiers eonneried &L wind sueen stansiieg (fields 8,
9, and 18), corrections 2o she helghn remide e the seference of Iwm;d Hield 203,
integratéd electron density (e 227, puf petimess S0l 23 arvdisearded. The
flag. which.is.incudedes & pier of an JGDIL i stored sepazate’ et ponforny with
the GDR-fornue. Tabie 25k ws the o :’"2!?._::5 tia Hag bt et from
only two flag <bits i rethified. bt v, which indk S prednL e vater, angd bt
1, which-indicates shatlver water. Colizg three b ok tidbleccan b wed ax a
cross-reference te Table $in 3 Tris ;.-ro gratoreats it ox binesy dota e from
- sbdin wndowrsites ot 2 !m.-z:‘: ey v st The T 1S

axs

X ars?gnos «€ igdr file > g 51

6.2. ig:region

Thix_progeam is modified iz tu GEOSAT progrme, goremen 1t st s
FERSGDRs and sepsirates tham ::.: c gy a«-.:*;:...’,g anth descendsng obhits
-and.extracia-datafrom i Lovrspectied regh - Fhe gist recurd e exantieafor
“(he-time stngnp,mhu!rdv:m.z;z,- s i

'.)"fh-‘ Aok anelie Buwed s thephaie,
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the orbital parameters are set and the data is divided into cycle and orbit numbers
and labeled according to the conventions described in Table 4. The region may
be specified in two ways, as bounded by latitude lines or bounded by longitude
lines. Usage {or this program is:

4% igxregion dir min.lat max_iat minlion maxlon [orbnum]

where:

dir is I for regions bounded by latitude lines, 2 otherwise;

min_lat is minimum latitude, in degrees, for the region to be extracted;
max.lat is maximum latitude, in degrees, for the region to be extracted;
minlon is minimum longitude, in degrees, for the region to be extracted;
max.lon is maximum longitude, in degrees, for the region to be extracted; and
orb.num are the optional orbit numbers, which are extracted from the region.

6.3 ig.repeats

This program is modified from the GEOSAT program, g.repeats. It needs swo
additional input arguments, the phase and year of the data. It performs a repeat
track analysis of the ERS GDRs and assumes that all GDRs have been cleaned,
corrected, and splined to a uniform grid using g.clean, g.correct, g.spike, and
ig.spline {1). The program reads in all the available GDRs for a particular track
and calculates the mean sea surface height for each grid point. This mean height
is subtracted from each track to produce a residual height profile. A sine function
is then fit to the residuals as an estimate of the orbit error, and subtracted from
them to yield further residuals, The usage of the program is:

% ig.repeats phase year pi/c*/c+.a002c > 2002cs.m

where

phase denotes the phase (1 or 2) of the data and

year is the year (92 or 93) of the data.

The filename is specified using wildcards so that all cycles associated with the
specified orbit are read in. Thus, in the above example, cycles associated with
ascending orbit, a002c are read in. The sea surface height mean is written to
stdout, a002cs.m in this example. It contains the following information:

13
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w ded(s) dmla) ogiley ot Moo Nt
whose 2, I8 w sequentind rountes of the pozt sk orii serther dovn] and
Jon{z,} are the Jatitudy gnd bapitude & 5, 8 b he staated geold, 22y b
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6.4 ig.spline

‘Phis-program:is modified fran, e GEOSYT progrne. o xpiine I didems from
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where:
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