
Response to Reviewer 2

The authors evaluate in detail the relative importance of local wind forcing and remote oceanic 
signals from Pacific to the sea level variability in the SIO by using the ECCO simulations and a 
1.5-layer reduced-gravity model. The paper is well written and informative. However, there are 
still some issues that need further clarification. Specific comments are listed as follows.

We thank the reviewer for comments and helpful suggestions. Below we detail the changes we have 
made to the manuscript, addressing point by point all the issues raised in the review. The comments 
from the reviewer are in bold, while our responses are interspersed between the comments in non-bold 
text. Changes made to the manuscript are finally listed in italic, whereby page and line numbers 
indicated in our responses correspond to the new version of the manuscript. 

1. I agree with reviewer #1 that the closure of ITF passages will create a new wave guide from 
equatorial Indian Ocean to the west Australian coast, which may lead to overestimation of the 
eastern boundary forcing in the ITF-off experiment.

We thank the reviewer for pointing this out. As mentioned in our response to reviewer #1,we have 
evaluated the possibility of coastal trapped waves to propagate from the equatorial region all the way to
the west Australia coast. In the revised manuscript, we have shown that coastal trapped waves 
propagating along the Maritime continent do not pass the southern coast of Timor island and they are 
unrelated to the waves  found along the northwest-west  Australia coast in both the ITF-on and the ITF-
off runs. We have added some discussion about this analysis along with a figure to the new version of 
the manuscript (please refer to the response to reviewer #1 for details).

Furthermore, I have some additional concerns about eastern boundary signals in the ITF-off 
experiment: (1) Researchers usually adopt free running ocean models to conduct numerical 
sensitivity experiments. However, as introduced in the section 2.1, the ECCO experiments used in
this study are not “free-run” simulations, but constrained by a variety of ocean observations 
through the adjoint method. This method try to minimize the misfit between observations and 
simulations by iteratively optimizing the initial conditions, surface atmospheric state and internal
parameters. Therefore, the differences between the ITF-on and ITF-off experiments will 
potentially be reduced by such a data assimilation scheme. As shown in Figure 4, the eastern 
boundary SLA variability in the ITF-off experiment highly resembles that in the ITF-on 
experiment, albeit of a relatively weaker amplitude. But these SLA signals are poorly explained 
by local wind forcing (Figures 6c and 6d). I wonder whether these results reflect the impact of 
data assimilation scheme applied in both experiments.

It appears that our first version of the paper was not clear on this issue, our apologies. We have 
changed sentences in the text to clarify that the adjoint method was only used to adjust the model 
control parameters (Mazloff et al., 2010; Wunsch et al., 2013). So neither the ITF-on nor the ITF-off 
experiments have data assimilation involved during the integration. They were both free runs using 
already adjusted parameters. 

l. 141-142; p.5: “The ECCO solutions are then obtained by forward unconstrained model integrations using the optimized 
control parameters.”



(2) Is the Torres Strait closed as well in the ITF-off experiment? As mentioned in Lines 227 & 
291, the closure of the ITF leads to a weaker LC in the ITF-off experiment. It is known that the 
LC is a counter-wind flow driven by the poleward pressure gradient. When closing the 
Indonesian straits, the LC should reverse to an equatorward flowing coastal jet, similar to the 
Benguela Current in south Atlantic and the Peru Current in south Pacific. Therefore, a 
southward LC in the ITF-off experiment, despite its weaker speed, may also be induced by the 
unrealistic adjustment of data assimilation processes in ECCO or by the potential wave 
transmissions from the Torres Strait. Please check the flowing direction of LC in the ITF-off 
experiment.

Regarding the mean circulation in the ITF-off experiment, the
modeled circulation is very similar to that reported by Lee et al.
(2002) in their ocean general circulation model with closed
Indonesian passages. Lee et al. (2002) showed that the closure of
the ITF induces a weaker SEC and weaker southward flowing LC
in the top 100 m. Similar results are obtained in our numerical
simulation, the LC is not reversed in the ITF-off experiment (see
Figure).

Figure: Time-mean absolute ocean current velocities (m s-1) and
direction (arrows) averaged over the upper 100 m in the ITF-off
numerical simulation.

Regarding the Torres Strait, yes, the strait is also artificially closed
in the ITF-off experiment. Thanks to your previous comment and
the one of the other reviewer, we have evaluated the potential wave
transmission from the Torres Strait and showed that the high-
frequency SLA variability along the western Australian coast is
uncorrelated with the high-frequency SLA variability in the Torres
Strait at Point 7 (please refer to the response to reviewer #1 for
details). We hope that our enhanced discussion of the ECCO
solutions (forward unconstrained model) also helps to clear up this
point.

2. Line 8: South Indian Ocean (SIO); Line 26: Southern Indian Ocean (SIO). Please make them 
consistent.

As suggested, the definition of SIO was replaced to be consistent through the manuscript.

3. The ticks of X axis in Figure 1a have equal spacing, but the time intervals between neighboring
labels are not uniform.

Thanks for pointing this out. You are right, the ticks were not correctly labeled. The figure 1a has been 
updated.

4. Figure 8c: please explain the meaning of the dashed lines. The blue line and the black line show
different varying phases during 2014-2016 but the explained variance reaches 61% (Line 336). 
Please explain how to calculate the explained variances.



As suggested, the meaning of the dashed lines have been added in the caption of the figures. The 
methodology to calculate explained variance has been added to Section 2.4. 

l.229-231; p.8: “The relative contribution of the eastern boundary and the local wind stress forcing terms is represented by 
the explained variance, which is calculated as the fraction of variance (F) of a variable x, explained by another variable y:

F=100 %×[1−
var ( x − y )

var (x ) ].”
To clarify this point, we decided to not split the time intervals for computing the explained variance. 
We mentioned now the explained variances for the full time period.

l. 373-384; p. 12: “In the ITF-on experiment, the RG model reproduces the SLA variability reasonably well (Figures 8a,b; 
Figure 9, green curves). The fractions of SLA variance in the ECCO model explained by SLA reproduced by the RG model 
at 13°S (at 25°S) are equal to 69% (64%) in the WSIO and 88% (82%) in the ESIO. The relative contributions of the 
eastern boundary and the local wind stress forcing terms are estimated by computing the fraction of SLA variance in the 
total RG model (the sum of the eastern boundary and local wind forcing) explained by the  individual forcing components. 
In the RG model, the simulated SLA variability in the ESIO is dominated by the eastern boundary forcing (Figure 8c,g; 
Figure 9b,d), which explains 62% (90%) of the SLA variance at 13°S (25°S). The local wind forcing becomes the main 
driver of the SLA variability in the WSIO at 13°S, explaining 70% of the SLA variance (Figure 8b,d; Figure 9a). At 25°S, 
none of the forcing components explains any variance in the WSIO. Nevertheless, the amplitudes of the two forcing 
components are similar, meaning that their contribution to the SLA variability is comparable (Figure 8g,h; Figure 9c). 
Overall, the local wind stress curl over the WSIO is able to either strongly modify the SLA originating from the eastern 
boundary or generate new anomalies that also propagate westward.”

5. Line 367: “the correlation between the west-east SLA differences” should be “the correlation 
between the MEI and the west-east SLA differences”.

Thanks for catching that typo. Fixed as suggested (l. 412; p.13).

6. Line 421: “the observed decade-long heat accumulation is due to the ocean tunnel effect, linked
to the ENSO variability.” Does it reflect the impact of PDO variability during hiatus period?

The ITF responds to both ENSO and PDO; a positive ENSO or PDO phase corresponds with a reduced 
throughflow transport. But the ITF and PDO relationship appeared to be decoupled during the hiatus 
period for unknown reasons (Li et al., 2018).
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