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ABSTRACT.

Kastimates of the offcectiveness of an altimetric
correction, and interpretation of sca level variability as a
response Lo atmospheric forcing, both depend upon assuming
that residual crrors in altimetric corrections are
uncorrelated among thoemscelves and with residual sea level, or
knowing the correlations. Nol surprisingly, many corroctions
arce highly correlated since they involve almospheric
propertices and the occean surface's roesponse to them. The full
corrcections (including their geographically-varying time-mean
values), show correlations belween EM-bias (mostly the height
of wind waves) and either atmospheric pressure or water vapor
of -40%, and bctween atmospheric proessure and water vapor of
28%. In the more commonly used collincar differences (after
removal of the geographically-varying time-mean), atmospheric
pressure and wave height show a -30% correlation, atmospheric
pressure and water vapor a -10% corrclation, both pressure
and wateor vapor a 7% correlation with residual sea Joevel, and
a bit surprisingly, Jionospheric electron content and
waveheight a 15% correlation. Only the ocean tide is totally

uncorroelated with other corrcclions or residual sea loveoel.

The ef fectiveness of three Ionospheric corrections (T0PEX
dual-frequency, a smoothed version of the TOPEX dual-
frequency, and DORIS) 1s also cvaluvaled in terms of thoeir

reduct jon in variance of residual sca level. Smooth (90-200



km alongtrack) versions of the dual-frequency altimeteor

jonosphere perform boest bolh globally and within 20° in
latitude from the Kqguator. The noisce variance in the 1/sec
TOPEX ionospheric samplces is ~ (11mm)<, about the same as
noise in the Doris-based correction; however the latter has
its error over scales of order 103 km. Within 20° of the
kquat or, the Doris-based correction adds (14mm)? to the

residual sea loevel variance.

1 NTrRODUCTI ON .

A common approach to assess the coffectiveness of an
altimetric correction is to mecasure the decrecase in the
variance of corrected sca level from the value for
uncorrected seca level (e.g., Ray and Koblinski, 1991; Gaspar
et al., 1994). The 'reduction in variance' criterion also
underlies the estimation of cocfficients relating some sea
level signal beliceved to be proportional to an atmospheric or
occanic property; examples arce the instantancous, static
ocean response to atmospheric prossure (VanDam and Wahr,
1993), and the altimetric 'electromagnetic bias' corrcction
with wind and wave height (Fu and Glazman, 1991). All such
estimates depend upon assuming that the altimetric
corrections are uncorrelated among themselves and with

altimetric residual sca level, or knowing the corrclations.

Not surprisingly, several altimelric corrections arc
highly corrclated among themselves, since they involve
atmospheric properties or the ocean surface's instantancous
response to them. Furlthermore, the uncertainties of
corrections based on smooth fields, such as atmospheric
pressure from atmospheric gencral circulation models, or
jonospheric corrections based on models are correlated to the
fields themselves: where the spatial or temporal gradients of
the true fields are steepest, the uncertainties of the models

arce largest. As a conscequeoence, residual sca level measurod



wit halt imetry cont ai ns some ¢ rrors whichare proportiona.] to

at mospoheric f jelds andt o ot her alt imet ric ¢ o rrect i ons .

Th ¢ purpose of t hi s paper i st wof ol d: 1) to document t he
correl at i ons among t he ma in alt imet ri ¢ correct i ons in
Topex/P osel don and t. o di scuss som ¢ ¢ on sequences; 2) Lo assess

t he a ¢ cura cy of the Dori S i onospheri C ¢ orrect 1 on .

The TOPEX/POSE] DONsat ell it ¢ carri ¢'S t wo al t imet ers. One
is a dual - f requency al t imeter (1.3. 6 GHz anti %.3 GHz,
Cal 1l ahan, 1 993)t hat m ca sur ¢s t he t ot al el ect ron cont ent
along the alt imel er pulse's path. 7This al timet er 3's on
approximat ely 90% of t he t ime . The ¢l ectl ron densi t y causes
t ime del ays 011 t he pul se t hat would t ranslat ¢ as crrors in
sca level, t he quant ity of int erest, unless corrected for
(~2. 18 mm per |x] 016 cle ctrons/m? at 13. 6 GHz, Lorell et al,
1982) . The correct Jon has a mean val ue of 43 mm and a
st andard deviat ijon of - 29 mm; within 20° of the Kquat or,
both t he mean (63 mm) ant] t he variability (40 mm) are higher.
The correct i on is maxi mum around 3 PM 1 ocal t ime (sce Ri shet h
and Garriot, 1969; Callahan, 1984; Chel ton, 1988)

About 10% of the t ime, t he light er, | ow power, single-
frequency solid-st at ¢ al timeter ( 'Pose idon ') is used, and the
ionospheric cor rectionmst be obt ained f rom anot her source.
The sat ¢l] ite al SO ¢ arri cs a Doppl cr recei ver cal 1 ed DORI S,
whosemainpurpose ist 0 const rain t he comput ¢d posi ti on of
the satellit e, in conjunct i on wi h a 1 arge number of ground
st at Jons. DOR1 S al so me asures in t wo carrier f requencies (O 4
and2GHzZ, Fleury etal ., 1 991) o correct for i onospheric
del ays t o its signal, hut t he pa hs bet ween t he sate!.)].it e and
DORIS ground st at 1 ons ?] J-C usvally slant ed off the vert 1 cal
where the al timet er's pat h 1 jes. These slant pat h del ay s are
used L ogether wit. han ionosphe ric  model (Bent) to est imat. ¢

t he vert ical path delay.

Bot h Geosat (Ch eney et al ., 1 989) and the current Kk - 1
sat ¢l11it ¢ have only aingle f requency a]l timet er, and nust




rely on a model i on osphere 1o correctf or thi S ef f ect . Musman

et al . (1 990) concl uded U hat resi dual i1 onospheri ¢ errors

woul d be removed when appl ying o rbit correct ionst. oi. he
Geosat data, excepl possibl y during geomagnet 1 ¢ st Or Is.

Geosat had bet ween 30 cm and 100 c¢m orbi t error, dependi ng on
the o rbit used ant] the dat ¢ (Zlot nicki et al ., 1 99.3) and all
orbi t error removal schemes a 1 so absorbed signi f 1 cant energy
in occanic mot ions that could riot t hus be recovered. This
approa ch is not accept abl ¢ f or 170rEX/ POSE1I DON, whose orbi t
error is below 5 cm (Morris and G 1, 1994) and whose goal i1s
t o recover t he ] arger scales of the ocean circulati on (Fu et
al ., 1994) .

The design and coslt of future altimetric missions are
also affected by knowing whether a single frequency altimeter
with a DOR1S~dcrived ionosphere can perform as well as a
dual-frequency altimeter. Hence, the sccond purpose of this

paper.

DA TA .

The dat a used arc “f romt he AVISO Merged Geophysi cal Dat a
Records ( 'AVISO MGDR ', AV1S0, 1993) , containing data from
hot h t he 7OPEX dual - f regquency and the POSEIDON sol 1 d-st at e
altimeter. Only data fromthe T7OPEX dual - frequency al t imet er
(shout. 90% of t he t ime) were used int his st udy, 11 ordert o
have both main ionospheric corrections available. The time
coverage 18 aboul 326 days start ing January 11, 19.9.3 (Topex
cycles 12 through 44) . The spatial coverage are t he gl obal
oCeanNsut. o 66¢ of lal il ude, e¢xcept where an equat orial band

is discussed.

Ytic: seal cvelresi duals were comput ¢d 1 N t hree st eps.
First, for cach record in the AV1 SO MGDR a sca 1 evel he ight

above t  he mean sca surfa ce was obt ained as :

nSsi = H Sat - H Alt ~ EMB K2 - Jono 1 - Dry - Wet Rad -




03 dek CR - STide - Pride - InvBar 0SU MBS (1)

whore H Sat is the sat ell it cl height f rom the NASA orbi t.,
HA?tisthe al timet € r range! corrccted for instrumenta ;

¢ ffects, KMB K2 is the el ect romagneti ¢ bi as €Orrect i on with
the NASA al gorithm, 1 ono T is the ionospheri C correct ionf rom
t he dual - f requency al t. imet € r, Dry ist he dry tropospheri c
corrcect 1 on from the rrench Mete orol ogi cal Of 1 ce, Wet Rad 1s
t he wel tropospheri c € 0 rrect i on fromt. he TOPEX mi Crows ve

ra di omet er, OTide CR ist he oceant ide estimate (Cartwright
and Ray, 1991, model) , STide ist he solid Féa rtht ide

cst imat e, PTide is the pol e tide, InvBar is the invert ed
baromcter effect, and 0SU MBS is the Ohi o St al e yniversity
mean sca surface height (Rapp et a]. , 1991, Basi ¢ and Rapp,
1992) . Al 1 correct ions are incl uded int he AVISO MGDK.

Th ¢ second step involvededi U ing out spuri o us dat a:
records were not used when t he flags alt bad 1 or alt bad 2
ha d any bit. on, when the € urrent node 1 flag was nol sct to
'F'ine Track ' or showed probl ems (bits 4-5), when any t erm in
(1) had a default (missing) val ue, Of when [H S1. | > 3000 mm
(some of these cri teria do not apply t o the Pose:.idon

al timet er) .

The third st ep invol ved interpolating H S to a fixed sct
of 1 ongitudes (relat jve to the Equator crossing longi tude)

using an exact cubic splinc alonglrack, Lo allow collinear
differen ces. Finally, at each lat jtude@, |ongitude A, time

t.,, t he mean seca level over the t ime span st udi ed was rem oved:

1 res(p,A,0)= H_SL(@ A0 - LY H_SI(@, A1) (2)
s

MisTHOD

The main indicat or of quality of a correct i on used here
is t he reducti on in variance of residual sea level aft er

appl yi ng the correct. i on. The det ai 1s of this crit eri on arc!



discussed here, since the presence of correlations among the

¢ orrections af f ect st he int erpret at ion .

e t h be the t rucsca levelheight at. some place and
t ime, and let h' be a measurement of h that requires an
addi ti ve correct i on t erm whose true value is ¢ . Think of ¢
as any of t he envi ronment al correct i 0ons (wet t roposphere,
I on osph ere, etc) ; think of h as sca 1l evel perfectly correct ed

for everything ot her than c .
h=h+c (3)

let ¢ be a measurement of ¢, that includes a random

crror term €
’ .
c'=cHe (4)
Then, h will be estimated as:
h” = h’ - CI (5)

2
lLet <hh> denote the expected value of',hl , 1.e., the

variance of h, and similarly with the other quantities
(assume <h>=<c¢>=...:-0). 7Then (), defined as:

o SR >— <>

<c'c'> (6)

measures how the variance of the observed h' has changed
after applying the estimatec’ of the correctionc. For
example, Q-1 mcans that applying the correction has
decreased the variance of corrected sca level from the
uncorrected variance, and that the docrecase in variance

exaclly equals the variance of the correction. From
(3) through (5) it follows that(Q is:

Q- =< cc>+<ee>-2<hc>-2<he> (“1)
: <>t <ee>t2<ce>
- <(€? ‘*;SC(3>

1f <hc>: <he>:=<ce>=0 then Q= Coco Coes (8)



S0, when no correl at i ons exj st among the vari ous t erms,
t he quantity () varies between -1 and 41 . Only i n t he absence
of correlations the follow ng interpret giion is warrant ed: Q

-> - 1when the error of the correct i on is negl igible ( < ee >
<< <cc>), and Q->+4 1 when t he error of i. he Correct ion
totally doninates the estimate ¢ . In the absen ce of

correl at jons, a correct. i on can be cal 1 ed more 'e fficient ' if
it &« Q is closer to -1, and a correction estimate can be

cal 1 ed more ‘useful ' if it decreases vari ante more than a

competing estimat c.

C onversely, absolute valuecs of () larger than 1 are
suf f i cient proof that corrclat jons anong the vari ous terms
exi st; in such a case the increase or decrease in variance
bet. ween uncorrected and corrected sea 1 evel may exceed the
variance of the correction applied. Furthernore, in that.
case, the fact. that a correction decrecases the variance of
resi dual sea level is not. proof that the correct ion is

vseful .

Not-ice t-hat it. was assumed that h itseclf had no errors
ot her than c, to simplify t-he algebra. In ract, his the
resul t of a neasurenent and contains measurement errors. |obe
t erm <hc> in eq. (7) therefore includes not only to
correl ati ons bet ween the current correcti on (think of the wet
tropospheric correct-ion) and seca level, but also between the
current correction and resi dual errors in sea level after
appl ying other correcti ons (for exampl ¢, the dry t ropospheri c

t. erm) .

COKRKRELA T1 ONS AMONG CORRECTI ONS .

Tabl ¢ 1 gi ves an idea of the relative size of selected

corrections, by listing, in decreasi ng order, their standard
devi at i on (0) for TOPEX/POSEI DON. The ‘f ull' ¢ was conputed
fromthe f vl Jcorrect. i on: it includes energy in its

geographic variability as well as in its time variability;
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t he 'col lincar' O was conputed after subst ract ing at ecach
latitude - longitude point the local t ime average val ue of t he
correcti on. The 'f u]] ' 0 is rel evant t o st udies of absolute
dynam c topography above! the gecoid; t he ‘co] 1 incar ' O is
rclevant to studies of time-varying ocean motions, wheret he
| ocal time average that is renoved includes the geoid and the
averages of all the Corrections.

The ocean tide correction ist he only one with more
energy than residual sea level (sce Schrama and Ray, 1994;
Knudsen, 1994; wagner and Cheney, 1992) , which explains why
smal | uncert aint ies in the tides cause large errors in the
st udies of other sca |evel signals. The invert ed baroneter
term IS the second nost, ecnecrgetic correct ion. Neither tides
nor invert ed barometer are 'correct ions' in the sense of
modifying al timeter measurements to yield t he correct sea
level, but. are attenpts at. nodel 1ling and removing ‘known ‘
ocean signals to study the rest (see Tai, 1993) . The
'correct ed sea level'in the 'full values ' colums contains
an uncorrected error due to uncert ainties in the Chio State
mean sea surface when equation (1 ) is used: there is a 400 nmm
bias and a 240 mm offset bet ween the centers of mass of t he
TOPEX sea level and the nean sea surf-ace (Callahan, 1993) |,
pl Us a residual error in the nean sca surface that. Knudsen
(1 994) estimat ed at 75 mm rms, much of it concent rated in the

western equatorial Pacific and Indian oceans.

Table 2 list s the global correlations found anong the
val ues of selected corrections and sea level, both for full
val ues and collinear differences. These were conputed as
simpl ¢ correlations for any t. wo variables as if the other
ones did not exist. , rat her than as a mul tiple regression.
Correlati ons of 1 ¢ or higher are different from zero with 99%
conf idence, conservati vel y assumng that. points separat ed by
at least- 10° in latitude and longitude, and 1/, day are
independent (about 196,000 degrees of freedomin the 11.8



mi 11 1 on 1 -second sampl ¢s used) . The dry tropospheri c
correction is not listed, since it is very close to 4.4 times

the invert ed baromet er, plus a gl obal ly averaged val ue.

How do these correlat ions arise? Consider first the
sinple st., corrections proportional to atnospheric pressure
(inverted baroneter) and water vapor. Over the range of
lat i tudes covered by Topex/Poseidon, 66°S to 66°N, the
tenporal nean values of both are higher at. Jow |atitudes
(¢.g. , Figure 1) , even though if the sanpling continued to
pol ar |atitudes, pressure wuld increase again, associated
with sinking air, while water vapor would not (see Vallace
and Hobbs, 1977, Battan, 1974) . This hel ps understand the
| arge (28%) correlation on full val ues. The tenporal
variabil i ty of atnospheric surface pressure is larger at high
latitudes while that of water vapor is larger at |ow
latitudes (see Figure la, b) , a fact that decreases any
correlation on the tenporal variabil i ty. However, near the

Equator, |low atnospheric pressure and high evaporation are
tied to the Intertropical Convergence Zone, whose not i on
shifts both the patterns of pressure and water vapor, | eading

to the -10% correlation on the time variations at fixed
geographic  positions.

The correlation between EM bias and pressure is due to
the high waves and pressure variability in subpolar
lat. jtudes, since FEM bhias is, to first order, a snall
percentage of the significant. wave height (S wH), some of it
‘seas’, locally generated by the wind and related to | ocal
at nospheric pressure, and the rest ‘Swell ‘, generated
el sewhere. Notice that this correlation is alnpst as
important on the full ~corrections (41%) as on their time
variations (30% . The sensitivity of estimated EM bias
coefficients to the invert ed barometer correction was
enphasi zed by Gaspar et al . (1 994) and Rodriguez (1 994)

The high correlation (37%) between full values of
i onospheric electron content and tropospheric water vapor 1S



the result- of t-he increase of the mean of both fields towards
| ow lat it udes (Figures la, C) , and i1s cons iderably weakened
(5%) once their tinme variat ions alone are considered.
TOPEX/POSEIDON sanpl es a very narro W range of 1 oca 1t imes a t
any fixed latitude in any one 10 day cycle (Figure 2), and
the 1 ocal times of Kguator crossing are the nost. f requently
occurring in the global data set. . Therefore, the satellite
maps latitudinal variations into apparent |ocal-tinme
variations. This causes the peculiarity that, when viewed by
Topex/Posel don, water vapor is a strong function of |ocal

t ime: both ionosphere c elect.ron content (fig. 2c) and water
vapor (fig. 2d) peak at the 1 ocal tines of Equat or Crossing;
onc can still distinguish the ionospheric plot since electron
densi ty is much higher during 1 ocal daytine.

The relatively large correl at ion bet ween wet troposphere c
correction and residual sea level (-20% is nostly due to a
wat er vapor error in the 0S U MSS, whi ch is based on the
Geosat data with the Fleet Nunerical Ccean Center (FNOC)
water vapor (Yi, 1992; Knudsen, 1994)

Thc -11% correlation between ionospheric electron content
and EM-bi as in col ] inear di fferences 1S harder t 0 underst and.
EMbias is essentially proportional to SwH, but the
correlation between ionosphere and SwH is stronger: 15% in
the col linear differences. Some possible explanations can be
exe] uded. The correlation between EM-bias and the Doris
i onosphere is -9%, so nost of the -11%is not the
instrunmental effect described in Imel (1 994; see his figure
5) , whereby corrections to the Topex altineter’s Ku and ¢
band ranges are thenselves functions of SwH, and those: two
apparent ranges are used to conpute the ionospheric
correcti on. Neither is there a significant difference when
the correlations bet. ween ionosphere and SwH are conputed
using the K-band swxo or the C band SwH, excl uding other
instrunental reasons (Imel, 1 994) . The correlation with kM-
bias is much stronger (-1 6%) poleward of 40°S, where Swi 1S

10
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strongest., than wil hin 25¢ of the Equator (-8%, and an

expl oratory search through the Topex data shows a weak

diurnal cycle (viewed in small geographic areas) to the SWi.
Any consistent diurnal cycle in SwH would generate a strong
correlation with the ionosphere. While several physica
reasons can be invoked to justify a diurnal cycle in
wavcheight (diurnal cycles in the wind or in the nclar-surface
stratification), this issue deserves a nore careful
discussion, outside the scope of this paper

These correlations can cause a problem 1f the fields
needed for the corrections were perfectly known, and if there
were no doubt. what-ever as to the fornula for t-he correction,
then the correlations would be harnm ess. However, consider
the inverted baroneter correction. 7The pressure field used is
the result. of a nunerical nodel of the atnosphere (Furopean
Center for Medium Range Wat her Forecast, nodified by French
Met eorol ogical Ofice), updated with data assimlation, a
good but inperfect nodel, with larger uncertainties in areas
wth no data. This field is used for the dry tropospheric
correction, whose forrmula is not. in doubt, and also for the
i nverted barometer correction. The latter is the complete
oceani c response to pressure in a specific range of space and
time scales (wunsch, 1972), and outside that range there are
additional oceanic notions in response to atnospheric
pressure (pPonte et al., 1991). Since the correction is
applied with no regard to space or tine scales, there is
bound to be a pressure-related residual term in residual sea
level . When t-he corrections used are smooth versions of the
true values and based on sparse data, as IS the case wth
at nospheric pressure data, their residual errors are usually
correlated with the corrections thensel ves: atnosphere ¢
pressure uncertainties are higher in the area of the
Antarctic Circumpolar Current (Strub, 1988) due both to the
large variability of pressure and low dens.ity of
observations. ionospheric electron content from Doris, which



involves a space—-tinme interpolation anong slant paths between
the satellite and rixed ground stations, should have larger
errors near the Equat or, wheret. he 1l arge electron content
variabil i ty may not be sanpled rapidly enough or cl osely
enough. On the other hand, t.here is no particular reason for
the resi dual errors in the TOPEX ionospheric neasurenent or
the 1T0PEX M crowave! Radioneter water vapor to be correl ated

wil h the signals themselves.

DI SCUSSI ON and CONCLUS1 ONS.

Table 3 shows the reduction in variance @ (equation 6) of
corrected sea level, both wi th collinear differences and ful l
val ues, obtained by applying certain corrections. O course,
to mnimze the effect of correlations among correct-ions, all
corrections except the one being discussed are applied to the
data. Wiile the author was unable to derive analytically a
confidence interval on the statistic @, he conputed Q from
both a small subset. and t-he full data set. with the follow ng
resul t: the global Q based on only 1.2x10% points differed
from the Q based on 11.9x10°points with a nedian absolute
value of Q of 0.04, and a nmaximum difference of 0.22; for the

equatorial subset, wth O .35x106 vs 3.3x10°points, the nedian

Q difference was 0.15 and the maxi mum 0.16. So, differences
in global. Qof at least, 0.1 appear significant; for the
equatorial subset, 0.16 is a significant. difference.

Consider first the ocean tide correction (Cartwright and
Ray), since its interpretation is sinplest. It is very
energetic, and its application renoves 103¢% of the variance
in the correction, which is within 3% of a perfectly
efficient correction (note that two corrections for the same
ef fect can both decrease variance by 100% of the corrections’
vari ances, but the one yielding the lower residual sea level
variance will be the better one, in the absence of
correlations) . This effect is the sane for collinear or full

12



1:3
values of the ocean tides Since the tides arc decorrelated
from everything else, t-he Q@ can be int erpreted as in equation
8.

Now consider the wet tropospheric term Wen using full
corrections, its ¢ is only 0.03, suggesting that it is a
useless correction. However, Table .? shows that the full wet
tropospheric termis correlated to EM bias, ionosphere,
inverted baroneter and residual seca |evel . Therefore, by
equation (7), no interpretation can be assigned to this @
unless we quantify the error in theother terns, nostly the
OSU MBS. The wet tropospheric correction for collinear
differences shows a Q of -0.65 (only 65¢%¢ of the variance in
the correction goes to reduce sea level variance) . |-n the
absence of correlations this would suggest. a good but
i mperfect correction, but 7Table 2 hints at another
expl anati on: atnospheric pressure and water vapor are
correlated, and the inverted baroneter correction is
i nperfect (Fu and Pihos, 1994), hence there is a residua
component Of sea level tied to a local, instantaneous
response to atnospheric pressure, which also correlates wth
the wet tropospheric term. In addition, any residual errors
in the EM bias will also affect the Q for the wet
tropospheric correction, duc to their correlation.

The dry tropospheric row of 7able 3 is further proof that
the inverted baroneter assunption fails over sone parts of
the ocean sone of the tine, or the pressure field used is
i naccurate, or both. If the dry tropospheric correction is
applied after the inverted baroneter (consider collinear
differences only), only 7% of its variance goes to reduce sca
| evel variance, leaving 93¢ of its variance as a pressure-
related signal in residual sea Jevel . |If no inverted
baroneter is applied, applying a dry tropospheric termwith
(19 mm)2 variance reduces the variance of sea level by a huge
8.96 x (19 mm)2. Inverted baronmeter and dry tropospheric
terns, while physically very different (Chelton, 1988; Tai,
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1992) are essentially proportional to the sane atnospheric
pressure, but inverted barometer is over 4.4 times larger
with a weak latitudinal variation duc to gravitationa
changes (Call ahan, 1993).

The inverted baroneter effect on the EM bias term (Fu and
Glazman, 1991; Rodriguez) is alnost as striking: if one does
not. apply the inverted barometer term any EM bias correction
will increase sea |evel variance. As corollary, any
uncertainties in the pressure data or inverted baroneter
response of the ocean will severely affect estimtes of the
EM bias coefficients (see Rodriguez and Martin, 1994), and
coefficients conputed with one correction will need to be re-
evaluated if the inverted barometer correction is changed.

The collinear cl-inferences of ionospheric corrections show
a clear pattern, globally or within 20¢ of the Equator. The
smooth version (90 km alongtrack average) of the TOPEX dual-
fregquency altineter is the best correction, renoving (11 mm)<
nore variance than the unsoothed version or the Doris
correction, globally. These nunbers can be interpreted also
as the accuracy gains in using one correction instead of the
other. These values are consistent with Mrris and Gil1's
(1994) estimate of 9 nm in the G eat lakes area, where there
is no significant oceanographic signal. Wthin 20¢ of the
Equator, the snmooth TOPEX correction renoves (14 mm)’nore
variance than the Doris estimate. No significant difference
in the results is obtained by snoothing the TOPEX correction
over 200 km alongtrack (see also Imel, 1994) . The correlation
bet ween ionospheric and EM-bias terms neans that
uncertainties in the latter will affect this conclusion to
sone extent.

The variance nunbers mask a difference in |length scales
and the concentration of the Doris ionospheric error at |ow
| atitudes: as illustrated in figures 3, the difference
bet ween snpboth and unsnooth 70PEX ionospheric estimate is
uncorrelated 1 second noise’, but the difference with the



Doris-based correction occurs over much longer spatial

scal es. As shown in Figure 4, a consistent, apparent, sea
level difference of 3 cm across the equatorial Atlantic or a
2 cm difference around 20°N across the whole Pacific can be
produced simply by the difference between Topex and Doris

i onospheric terms. Features of this nature must be kept in
mind when interpreting seca level differences anong cycles
wth different. ionospheric corrections.
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FIGURK CAI’~"1 ON S

Figure 1 . 7 onal averages and standard deviat ions (drawn as
error bars) of corrections as a function of latitude.
DRY . dry tropospheric, WwrT: wel tropospheric from
radi ometer, 10NO: Topex dual-frequency ionospheric, EMB:
kM bias, NASA al gorithm

Figure 2. All funciions of local time, for a 5 day period
(the second half of TOPEX/POSEIDON's cycle 19):
(a) latitude sanpl ed
(b) histogram of |ocal times
(c) ionospheric correction
(d) wet tropospheric correct.ic)n

Figure 3. lonospheric corrections f-or one particular daytime
pass of TOPEX/POSEIDON: descending pass 210 (equator
crossing=-162 .28°, on day 38 of 1993.

Figure 4. Apparent sea level difference, in mm between two
cycles (see label above nmaps) , caused solely by the
di fference between Topex and. Doris ionospheric
corrections. The nmaps were obtained by gridding over 10
days and 5¢ the ionospheric differences, then
subtracting the two 10 day maps. This simple gridding,
conparable to nore sophisticated ones an oceanographer
m ght _ use to study large scales, conbines both the |arge
daytine and small nighttime ionospheric val ues.

19



TABl K 1.

CORRECTI ON coll.diff. full values
O(um) | O(%) O (mm)| O(%) [nean mm)

_ocean tide (C&R) 305 282 307 135 0!
corrected sea |evel 108 100 228 100 -
_inv. baroneter 84 ‘18 134 59 _TOE
wet. tropo (rad) 47 44 90 39 14"
em bi as (TOPEX) . 29 27 38 17 6y;

i _ono_ (TOPEX) 29 27 33 14 43"
—_dry tropo (FMO) 19 18 32 14 2294,

Standard deviation (o) and mean values of residual sea

| evel and various corrections, in mm and as a percentage of
the sd of corrected sea |evel. Col unmms labelled ‘ful

val ues ' refer to the full values of the corrections and to
sea |level above the OSU nean sea surface (eqg. 1) . Columns
labelled ‘coil.diff. ' refer to collinear differences of both
sea |l evel and corrections, as in equation (2), with zero
nmean value at every |atitude-Iongitude point.




r-]|

U 2.

hh | ib |wet | ot |emb]| io
hh | -- T _:% 3 -1 -1
_;b 3| --1-10] o [-30] 0
wel | -20 | 28 0 [-12| 5
ot | 1 0 0 -1 0 0
enb| 3 |-41]|-46]| 0 - -11
io | -5 | 13 | 37 0 |-30| --

Correlation coefficients (in

residual sea level 'hh'.
Lower di agona

di ff erences.
sea level above
i nverted baroneter

ot .

ib:

wet .

the 0SU

from the

r adi onet er

%) anong corrections and

Upper di agonal (bold)

MSS.

full

Cartwright and Ray ocean tide

emb: EM bi as,

i 0

i onospheri c,

NASA al gorithm
from Topex altinmeter.

values of

collinear

correction,

or
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COLILINEAR DIi’F. UL, VALUKS B
0 rms rns 0 ! rms rms
(corr)ipl {4 (corr){ (h)
GLOBAL ALL  CORR APPLI ED
-1.0.3 305 [108..? | ~ Ccean 7Tide (C&R)  |-1.03 307 ].7?28.3
--0.65 47 1108.2 |_... “Wet Tropo (ra ¢) | 0.03 90 12.28.3
-0.07 19 1108.2 Dry Tropo -0.31 32 1228.3
-0.79 84 [108..2 Inverted Baroneter -0. 89 134 1228.3
-0.89 .29 1108. 2 EM Bias (Tdpex) -1.41 38 [228.3
-0.90 29 1108.2 Iono TOPEX (qglcihall) -0.24 33 [228.3
-1.10 28 [107.7 [Tono TOPEX snooth (gl obal,[-0.42 32 1.2.21.9
-0.95 28 1108.3 | .1 ono boris (gl obal) -0.3.2 31 |228.2
EQUATORIAL ¢ flypu
~0.95% 41 91.3 1 on o TOPEX equatorial |-1.16 4,7 1248.1
-1.02 40 91.3 | 7 on 0 TOPEX smooth equat.|-1.31 41 1248.1
-0. 80 41 91.3 Jono Doris equatorial |-1 .17 43 [.748.1
GLOBAL, INVBAR NOI APPLIED —
+0.27 47 |131.9 wet Tropo  (rad) -0.81 90 1.261.0
~-8.96 19 |BBY.9 |.------- . Dry ITropo. -.-... . |-8.66 32 1261.0
0.91 29 (131.9 EM Bias (Topex) .. | 1.50 38 [261.0
Q: conmput ed from equation (6)
ocorr . standard deviation of the correct ion, in mm
O h: standard deviation of corrected sea level, in mm

equatorial: within latitudes +/- 20°. (Al other rows refer to
global val ues)

snoot h: approx. 90 km a longtrack average.

Leftmost 3 col umns: from coll inecar differences (equat ion.?) .
Rightmost 3 colums: full correct -ions, sea |level above OSU MSS.
'I NVBAR NO 1" APPLIED': noO inverted baroneter correction used in

following three rows.
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