
Response to Reviewers of Hart-Davis et al 2021:

:H ZRXOG OLNH WR ILUVWO\ WKDQN ERWK RI WKH DQRQ\PRXV UHYLHZHUV IRU WKH LQSXW WKDW WKH\ KDYH JLYHQ
DQG WKH HQFRXUDJLQJ FRPPHQWV WKH\ KDYH JLYHQ DERXW WKH UHVXOWV RI WKH QHZ EOT20 PRGHO.
TKH FRPPHQWV DQG VXJJHVWLRQV WKDW KDYH EHHQ PDGH KDYH KHOSHG PDNH DQ RYHUDOO
LPSURYHPHQW WR WKH PDQXVFULSW.

SRPH DGGLWLRQDO FKDQJHV KDYH EHHQ PDGH WR WKH GRFXPHQW, DLPHG DW LPSURYLQJ WKH UHIHUHQFHV
DQG DIWHU GRLQJ D PRUH UHFHQW SURRI RI WKH EQJOLVK. AGGLWLRQDOO\, D FRXSOH RI VHQWHQFHV KDYH
EHHQ DGGHG WR OLQH 69 WR GHVFULEH WKH RUELW RI WKH DOWLPHWU\ PLVVLRQV. TKLV LV:
For all of the missions, satellite orbits in ITRF2008 are used. For the ERS and Topex these are
taken from GFZ VER11 (Rudenko et al 2016), while for the Jason missions and Envisat CNES
GDR-E solutions are used.

TKH VWUXFWXUH RI WKH FRPPHQWV EHORZ DUH BOLD UHSUHVHQWLQJ WKH FRPPHQWV RI WKH UHYLHZHUV,
QRUPDO WH[W UHSUHVHQWLQJ RXU UHVSRQVHV, Italics UHSUHVHQWLQJ RULJLQDO WH[W IURP WKH PDQXVFULSW
DQG Underlined Italics UHSUHVHQWLQJ RXU FKDQJHV WR WKH PDQXVFULSW UHVXOWLQJ IURP WKH UHYLHZHUV
FRPPHQWV.

Reviewer 1:

The paper describes the latest in a series of empirical ocean tide models developed at
the DGFI-TUM. It is a clear advance on the earlier EOT11 model, so it is good to have this
advancement documented. It is a worth\ contribution for this journal. Before it is
accepted, however, I recommend certain items be addressed.

TKDQN \RX IRU WKHVH UHYLHZV DQG WKH UHFRPPHQGHG LWHPV WR EH DGGUHVVHG. :H KDYH DQVZHUHG
WKHP EHORZ.

Major item 1. Improvement relative to FES2014.

The procedure used is to adopt the FES2014 model as a prior in the altimeter processing
and compute tidal estimates relative to this prior, then add back the prior. I think it must
be acknowledged that the big improvement from EOT11 to EOT20 ma\ stem from
FES2014. The FES2014 is a ver\ good model, which ma\ be hard to improve (especiall\
in non-polar regions, as here). The authors are tr\ing to polish a rock that is alread\ ver\
shin\.

:H DJUHH WKDW WKH UHVXOWV ZLWK FES2014 LWVHOI DUH, LQ IDFW, UHDOO\ LPSUHVVLYH. :LWK WKDW LQ PLQG,
ZH UHLQIRUFHG WKDW D ORW RI WKH LPSURYHPHQWV PDGH LQ WKH EOT20 PRGHO DUH FDXVHG E\ SURJUHVV
PDGH E\ FES2014. IQ WKH WH[W ZH KDG DOUHDG\ VWDWHG:

IQ WKH LQWURGXFWLRQ DW OLQH 50 ZH VWDWH: ³These improvements are largely driven by the
progresses in accuracy and precision of altimetry in the coastal zone and the use of the updated



FES2014 (Lyard et al., 2020) tide model as the reference model for the residual tidal analysis.´
DQG LQ OLQH 91: ³It is, therefore, anticipated that some of the improvements made between the
versions of EOT will be due to the improvement in the reference model.´ TKHQ LQ WKH FRQFOXVLRQ
DW OLQH 301: ³A further update was in the use of a newer version of the reference model
(FES2014) for the residual analysis performed to create the EOT20 model which showed
significant improvements to the previous reference model used (Lyard et al., 2020).´ HRZHYHU,
ZLWK \RXU FRPPHQWV LQ PLQG, ZH KDYH DGMXVWHG OLQH 91 WR VWDWH µlarge parts of the improvement¶
LQVWHDG RI µsome of the improvements¶ WR WU\ WR IXUWKHU HPSKDVL]H WKH LPSRUWDQFH RI FES2014.

Are the\ making FES2014 better or worse? According to Table 3, it is half and half. M2
shows improvement; Q1 shows degradation. The other constituents are fairl\ close. This
is b\ no means a problem. In fact, it is telling us that FES2014 is ver\ good, and it is a
challenge to improve, and that is useful to know. I simpl\ think that this should be more
clearl\ acknowledged. (I agree that the altimeter tests in Figure 7 suggest improvement
near coasts.)
I don't understand how the authors can state (line 308) that "EOT20 showed the lowest
overall error for all eight tidal constituents". That statement is contradicted b\ their Table
3.

AJUHHG, JHQHUDOO\ WKH GLIIHUHQFHV EHWZHHQ EOT20 DQG FES2014 DUH YHU\ VPDOO DQG, WKHUHIRUH,
LQ VRPH FDVHV LQ WKH WLGH JDXJH DQDO\VLV RQH HVWLPDWHV D FHUWDLQ WLGH EHWWHU WKDQ DQRWKHU. TKH
M2 WLGH VKRZV WKH ODUJHVW GLIIHUHQFH EHWZHHQ WKH PRGHOV, EXW WKH GLIIHUHQFHV EHFRPH UHODWLYHO\
ODUJHU LQ WKH FRDVWDO UHJLRQ. AOWKRXJK WKHVH GLIIHUHQFHV DUH QRW VR ODUJH LQ WKH WLGH JDXJH
DQDO\VLV, DV \RX VWDWHG WKLV EHFRPHV PRUH LPSRUWDQW LQ WKH DOWLPHWHU WHVWV. :LWK \RXU FRPPHQWV
LQ PLQG, ZH KDYH DGMXVWHG OLQH 308 WR VWDWH ³Furthermore, when compared to other
global ocean tide models, EOT20 had the lowest overall RSS for the major eight tidal
constituents, In particular, improvements are seen in the coastal region, where EOT20 shows a
reduced RSS of 0.2 cm compared to the closest model (FES2014). The RMS differences
between individual constituents show that EOT20 and FES2014 show clear improvements for
all the tides compared to the other global models. EOT20 and FES2014 each had the lowest
RMS for half of the major tidal constituents presented, with the largest reduction in RMS being
seen in the M2 tide from EOT20.´.

Major item 2. Handling of the SA and SSA tides.

The handling of these two constituents is different from what the altimeter community is
accustomed to. The authors solve for the full signals at these periods, which includes
both gravitational and meteorological tides (for SA, it is almost entirely meteorological).
Usually these kinds of tide models/atlases address only the gravitational tides -- which
are equilibrium or very nearly equilibrium. It is fine to include the whole signal, but it
must be made clear to altimeter users.



For example, I believe the RADS database developers plan to include EOT20 as an
optional correction. As it is described here, most altimeter users of this correction will be
dismayed to see their seasonal signals in the altimeter data mostly disappear! Again, this
is acceptable if users are made aware of it. Many users will not want that.

However, because of this, Figure A3 is misleading, as it suggests that EOT20 SA model is
much better than FES2014. But by design FES2014 includes only the gravitational tide.
By design it leaves out the climate-driven tide. So the comparison is not valid. Moreover,
the comparison isn't valid anyway, because the tide gauges include a large IB annual
signal that has been removed from EOT20 (and of course would not be part of FES2014).
So this comparison figure is not acceptable. These points also apply to SSA, even
though the gravity part of it is larger. (SSA also has an IB part.)

BDVHG RQ WKLV IXOO FRPPHQW RQ WKH LPSOLFDWLRQV RI WKLV SSA DQG SA WLGHV RQ WKH DQDO\VLV RI
DORQJ-WUDFN DOWLPHWU\, ZH KDYH (1) UHPRYHG WKH SSA DQG SA WLGHV IURP FLJXUH A3 (2) :H KDYH
DGGHG D VHQWHQFH LQWR OLQH 171 ZKHUH ZH VWDWH: “The SSA and SA tides are included in the
EOT20 model data but users should be aware that these tides include the full signal at these
periods, i.e. gravitational as well as meteorological tides. Thus, caution should be taken when
interpreting the results of the tidal correction when these two tides are included as they will likely
remove the seasonal signals seen in the altimeter data.´

Major item 3.

Tide gauge comparisons. It is my understanding of the text that the tide gauge
comparisons shown in Figure 5 (top panel) use the same test data as was used by
Stammer et al. (2014). However, the results are inconsistent with results reported by
Stammer et al. (Models EOT11a and GOT4.8 are common to both papers.) For example,
Stammer found that the RSS for EOT11a was about 7 cm (7.17 and 6.87 cm) for the shelf
stations, and 6.49 for the coastal stations. This is in disagreement with Figure 5. Either
the statistics are being computed differently, or somebody is wrong.

TKLV LV WUXH WKDW WKH HVWLPDWLRQ RI RMS GRQH LQ RXU SDSHU LV GLIIHUHQW WR WKDW GRQH LQ SWDPPHU HW
DO (2014) DQG WKH VHQWHQFH LQ LLQH 199 LQFRUUHFWO\ UHIHUV WR WKLV, ZKHQ LW ZDV PHDQW WR RQO\ UHIHU
WR WKH RSS FDOFXODWLRQ. SWDPPHU HW DO, HVWLPDWHV WKH RMS RYHU WKH F\FOH OHQJWK RI LQGLYLGXDO
WLGDO FRQVWLWXHQWV, KRZHYHU, LQ RXU SDSHU ZH ORRN DW RQO\ WKH RMS GLIIHUHQFHV EHWZHHQ WKH
REVHUYDWLRQV DQG PRGHO GDWD. TKH WHFKQLTXHV ZH XVH DUH GHVFULEHG LQ PLFFLRQL HW DO (2018) :

(SOHDVH VHH WKH ODWH[ YHUVLRQ LQ RXU XSGDWHG𝑅𝑀𝑆 =  ഉ𝐴𝑀 𝑐𝑜𝑠 𝑃𝑀 − 𝐴𝑇 𝑐𝑜𝑠 𝑃𝑇ഊ2 + ഉ𝐴𝑀 𝑠𝑖𝑛 𝑃𝑀 − 𝐴𝑇 𝑠𝑖𝑛 𝑃𝑇ഊ2
2

SDSHU)
ZKHUH A LV WKH DPSOLWXGH DQG P LV WKH SKDVH RI WKH PRGHO (M) DQG WLGH JDXJH (T). IQ RUGHU WR
FODULI\ WKLV DQG H[SODLQ WKH RMS WHFKQLTXH IXUWKHU, LLQH 199 KDV EHHQ DGMXVWHG, ZLWK DQ
DGGLWLRQDO VHQWHQFH DGGHG LQ WKH HQG WR FODULI\ GLVFUHSDQFLHV EHWZHHQ UHVXOWV:



“The root-mean-square (RMS) is estimated following Piccioni et al (2018), where

, with A being the amplitude and P the phase𝑅𝑀𝑆 =  ഉ𝐴𝑀 𝑐𝑜𝑠 𝑃𝑀 − 𝐴𝑇 𝑐𝑜𝑠 𝑃𝑇ഊ2 + ഉ𝐴𝑀 𝑠𝑖𝑛 𝑃𝑀 − 𝐴𝑇 𝑠𝑖𝑛 𝑃𝑇ഊ2
2

of the model (M) and the tide gauge (T). The root-square-sum (RSS) is then estimated for the
eight major tidal constituents (M2, N2, S2, K2, K1, O1, P1 and Q1) which are commonly
available from the tide models studied, following the technique presented in Stammer et al.
(2014). Since Stammer et al 2014 uses a different formulation to estimate the RMS, the RSS
values shown here are different to those shown in Stammer et al, however, the relative results
of the models compared to tide gauges is the same.´

Major item 4. Ionosphere model.

The authors chose to use the NIC09 model instead of the usual dual-frequency
corrections. That is their choice. However, when the models are tested with altimeter
data, I think then the NIC09 model should not be used, and instead the usual dual
frequency corrections should be used. Use of NIC09 would favor EOT20 (since NIC09
was used in its development), plus almost all altimeter users will be using the usual dual
frequency model. (The same might be said of the use of the GPD wet troposphere
correction versus one based on onboard radiometer, at least in the open ocean away
from coasts.)

:H DJUHH WKDW WKH LRQRVSKHULF FRUUHFWLRQ XVHG GRHV LQIOXHQFH WKH UHVXOWDQW WLGH HVWLPDWLRQV (DV
VKRZQ LQ RD\ 2020) DQG VWDWHG LQ OLQH 246 - 247. AOWKRXJK ZH DJUHH WKDW WKH FRUUHFWLRQ ZLOO OLNHO\
LQIOXHQFH WKH VHD OHYHO YDULDQFH LWVHOI, ZH KDYH GHVLJQHG WKH VWXG\ WKDW WKH YDULDQFH UHGXFWLRQV
SUHVHQWHG LQ FLJXUH 6 DQG 7 DUH RQO\ FDXVHG E\ WKH RFHDQ WLGDO FRUUHFWLRQ XVHG. TKHUHIRUH, WKH
XVH RI D GLIIHUHQW LRQRVSKHULF FRUUHFWLRQ ZLOO QRW KDYH DQ LQIOXHQFH RQ WKH VHD OHYHO YDULDQFH
UHGXFWLRQV. FXUWKHUPRUH, ZH ZDQW WR DVVHVV WKH FRDVWDO LPSDFW RI EOT20 DV WKLV LV ZKHUH ZH
H[SHFW WKH ELJJHVW GLVFUHSDQFLHV EHWZHHQ EOT11D DQG FES2014 DV VKRZQ LQ WKH WLGH JDXJH
DQDO\VLV (FLJXUH 5) DQG, WKHUHIRUH, XVLQJ WKH NIC09 DOORZV XV WR JHW YDOLG SLA GDWD LQ WKH FRDVWDO
UHJLRQ. TKLV DOORZV XV WR FUHDWH FLJXUH 7 DQG DQDO\VH WKH GLIIHUHQFHV EHWZHHQ WKH PRGHOV D ELW
PRUH LQ GHWDLO LQ WKLV UHJLRQ.

The Smith (1999) reference needs more details. However, there are many review works
that tabulate the tidal alias periods; one of them might be a better reference.

:H KDYH UHPRYHG WKLV UHIHUHQFH DQG LQFOXGHG ERWK (Wang 2004) and Fok (2012).

Wang, Y. 2004. Ocean tide modeling in the Southern Ocean. Technical report, Ohio State
University. Division of Geodetic Science.

Fok, H.S., 2012. Ocean tides modeling using satellite altimetry (Doctoral dissertation, The Ohio
State University).



The load tide maps should show the whole globe, not just the ocean. Land values are
useful for other applications (e.g., GNSS).

EOT20 RQO\ PDNHV HVWLPDWLRQV RI WKH ORDG WLGHV RI WKH RFHDQ DQG, WKHUHIRUH, ZKHQ UHVWRULQJ WKH
IXOO ORDG WLGH VLJQDO WKH ODQG YDOXHV DUH H[DFWO\ WKH VDPH DV WKH FES2014 PRGHO. :LWK WKLV LQ
PLQG, ZH KDYH DGGHG D VKRUW H[SODQDWLRQ DV WR ZK\ WKH ORDG WLGH PDSV PDVN RXW WKH ODQG LQWR
WKH ILJXUH ODEHO RI ILJXUH 3 DQG A2. “It should be noted that EOT20 does not make an estimation
for the load tides on land.´

The VCE explanation is not ver\ clear, partl\ because several terms are not defined
(including even k).

TKDQNV IRU QRWLFLQJ WKLV. :H KDYH IL[HG WKHVH LQFRQVLVWHQFLHV E\ UHSODFLQJ µi¶ LQ (5) WR EH µm¶ DQG
DGGLQJ WKH IROORZLQJ H[SODQDWLRQ RI µP¶ DQG µN¶. IQ OLQH 119 (ZLWK WKH FKDQJH PDGH LQ EROG):

“The VCE is implemented to allow for the combination of datasets from multiple satellite
missions and allows for the appropriate weighting of different missions m, m = 1, ..., k,
(Savchenko and Bosch, 2012) based on their variances, to provide a more accurate
estimation.´

Table 2: "inverse barometer" is not reall\ an appropriate description of the DAC. Perhaps
"atmospheric loading"? Or even "ocean dealiasing"?

TDEOH 2 KDV EHHQ DSSURSULDWHO\ DGMXVWHG WR VWDWH µAtmospheric loading¶.

Reviewer 2:

The authors present the latest version of the EOT ocean tide model. It is reassuring
to see that there are still researchers continuing to improve global ocean tide
models. The main result of the new EOT model compared to the previous version is a
significant improvement in the coastal regions.
The improvements between EOT11a and EOT20 are ver\ impressive. However, this is
not the case between EOT20 and FES2014, which was used as the a priori model. It
demonstrates the high qualit\ of FES2014. It also shows that the models are
converging and future improvements apparentl\ will proceed b\ small steps.

I do support the comments of the other reviewer. In addition, I have two remarks:

FLUVWO\, WKDQN \RX IRU WKH WLPH WDNHQ WR SUHVHQW WKHVH UHVSRQVHV. POHDVH VHH RXU UHVSRQVH WR WKH
ILUVW UHYLHZHU WR DGGUHVV \RXU VXSSRUW RI WKHLU FRPPHQWV DQG EHORZ ZH DGGUHVV \RXU TXHVWLRQV
UDLVHG.



1. Do \ou calculate the a posteriori covariance of \our solutions? What is the
final uncertaint\? Can we learn something from this information?

AV ZH VWDWH LQ OLQH 320:  ³In the creation of EOT20, a first look into the uncertainties was done
but due to the unavailability of uncertainty estimations from the FES2014 model used as the
reference model these uncertainties are incomplete and, therefore, are not presented. This is a
topic of discussion and future development that will be assessed in future studies.´ :H KDG D
ILUVW ORRN DW WKH µUHVLGXDO XQFHUWDLQW\¶ EXW, RI FRXUVH, ZH FDQQRW SURYLGH D IXOO XQFHUWDLQW\
HVWLPDWLRQ IURP WKH UHVLGXDO DQDO\VLV. OXU ILUVW ORRN, VKRZHG VRPHZKDW H[SHFWHG UHVXOWV VXFK DV
VHHLQJ KLJKHU XQFHUWDLQWLHV LQ WKH ZHVWHUQ ERXQGDU\ FXUUHQWV EDVHG RQ WKH GLIILFXOWLHV WR UHWULHYH
WLGDO VLJQDOV LQ UHJLRQV RI KLJK PHVRVFDOH YDULDELOLW\. HRZHYHU, ZH WKLQN LPSURYHPHQWV QHHG WR
EH PDGH WR WKH XQFHUWDLQW\ HVWLPDWLRQV DQG DQ HYDOXDWLRQ RI ZKHWKHU WKHVH UHVLGXDO
XQFHUWDLQWLHV DUH LQ IDFW XVHIXO FRPSDUHG WR IXOO XQFHUWDLQW\ HVWLPDWLRQV.

2. Concerning the comparison between the model and the tide gauge
observations, what is the uncertaint\ on those observations? In other words, I
am questioning whether differences of 0.2mm or less are significant or not?

AV VHHQ LQ WKH SDSHU, WKH GLIIHUHQFHV DUH UHDOO\ VPDOO, DURXQG 0.2 PP, SDUWLFXODUO\ LQ WKH VKHOI
DQG RSHQ RFHDQ UHJLRQV, ZKLFK LV H[SHFWHG IURP UHVHDUFK SUHVHQWHG LQ SWDPPHU HW DO 2014.
TKH PDLQ GLIIHUHQFHV RFFXU LQ WKH FRDVWDO UHJLRQ, ZKHUH FES2014 DQG EOT20 VKRZ VLJQLILFDQW
LPSURYHPHQWV WR WKH RWKHU PRGHOV DQG EOT20 VKRZV D 0.2 FP UHGXFWLRQ FRPSDUHG WR
FES2014. SSHDNLQJ RQ WKH XQFHUWDLQWLHV RI WKH WLGH JDXJHV IRU TICON, VWDQGDUG GHYLDWLRQV RI
LQGLYLGXDO FRQVWLWXHQWV DUH SURYLGHG DQG DUH RQ DYHUDJH 0.09 PP IRU WKH FRQVWLWXHQWV SUHVHQWHG.
:KLFK FRQVLGHULQJ WKH GLIIHUHQFHV VHHQ LQ WKH TICON DQDO\VLV (TDEOH 5), WKHVH XQFHUWDLQWLHV GR
QRW DIIHFW WKH GLIIHUHQFHV VHHQ EHWZHHQ WKH PRGHOV. RHJDUGLQJ WKH RLFKDUG RD\ GDWDVHW, QR
XQFHUWDLQWLHV ZHUH SURYLGHG DQG, WKHUHIRUH, ZH FDQQRW PDNH D MXGJHPHQW RQ WKDW LQ WHUPV RI LWV
LPSDFW RQ WKH DQDO\VLV. BXW FRQVLGHULQJ WKDW IRU WKH PRVW SDUW WKH PRGHOV IRU WKH RLFKDUG RD\
GDWDVHW SURGXFH UHVXOWV WKDW DUH FORVH WRJHWKHU DV PRVW RI WKH WLGH JDXJHV DUH IRXQG DZD\ IURP
WKH FRDVW DQG, WKHUHIRUH, WKHUH DUH QRW PXFK GLIIHUHQFHV EHWZHHQ WKH PRGHOV, WKH XQFHUWDLQWLHV
RI WKHVH PHDVXUHPHQWV VKRXOG QRW GUDVWLFDOO\ LQIOXHQFH WKH UHVXOWV. HRZHYHU, EHFDXVH ZH DJUHH
WKDW WKHVH LQIRUPDWLRQ FRXOG SRWHQWLDOO\ EH YDOXDEOH WR D UHDGHU, ZH KDYH DGGHG WKH IROORZLQJ
VHQWHQFH WR OLQH 199: ³The TICON dataset provides standard deviations for individual
constituents and for the tide gauges used in this study, the average standard deviation is 0.09
mm. No uncertainty estimates are provided in the R. Ray dataset.´

Overall, this paper deserves to be published.


