Reviewer 2

Review of "Comparing the seasonal predictability of the tropical pacific variability in EC-Earth3
at two horizontal resolutions" by Carreric et al. (2015)

General Assessment:

This manuscript investigates the impact of increased horizontal resolution in the EC-Earth3
model on the seasonal predictability of tropical Pacific sea surface temperatures (SSTs). The
authors report an improvement in the SST anomaly correlation coefficients (ACC) in the
western Pacific, comparing the standard resolution (SR) and the high resolution (HR)
configuration. This enhancement is attributed to a better representation of the mean state and
ENSO teleconnections. They also found the improvement of ENSO predictability results from
the better presentation of Atlantic teleconnection. The findings are generally sound and
contribute meaningfully to the ENSO and seasonal prediction communities. However, several
points regarding the interpretation of results and discussion require modification prior to
publication.

We thank the reviewer for the constructive comments. We believe we have addressed them
and provide a detailed response to each of them below (in purple). We have revised the
manuscript accordingly.

Major Comments:

1. Significance of ENSO Predictability Improvement: The assertion that ENSO
predictability is significantly improved in the HR configuration is not strongly supported
by the presented data. In Figure 1, the difference in SST ACC values between the SR
and HR configurations in the central Pacific is marginal, ranging between 0.05 and 0.1.
As shown in Figure 2, the ENSO index ACC already reaches 0.7 in the SR
configuration. The observed increase to 0.75 or 0.8 in the HR configuration does not
represent a substantial enhancement in practical forecast utility. Therefore, the
conclusions regarding the magnitude of improvement should be tempered.

We acknowledge that the prediction skills of the model, in both configurations, are already
high, as expected, in the Tropical Pacific. However, EC-Earth3-HR shows higher prediction
skills than EC-Earth3-SR in Nifo3 and Nifio3.4 regions and, even if apparently small, these
differences are statistically significant for most forecast years. To estimate the significance of
the difference between the skill of the two model configurations, we used a two-sided test, at
the 95 % confidence level, following Siegert et al., 2017. The test was specifically developed
"to assess correlation differences when the competing forecasting systems are strongly
correlated with one another”.

Only in the Nifio4 region, the westward most region where the standard ENSO indices are
defined, the skill differences are not statistically better in EC-Earth3-HR than in EC-Earth3-SR
throughout the forecast, an interesting result in itself, which led to a more in-depth analysis of
the WEP region.



Siegert, S., O. Bellprat, M. Ménégoz, D. B. Stephenson, and F. J. Doblas-Reyes, 2017:
Detecting Improvements in Forecast Correlation Skill: Statistical Testing and Power
Analysis. Mon. Wea. Rev., 145, 437-450, https://doi.org/10.1175/MWR-D-16-0037.1.

2. Discussion of the Spring Predictability Barrier: The manuscript should more
explicitly address the influence of the spring predictability barrier, a known limitation in
ENSO forecasting where skill scores typically drop below 0.6 after spring. The current
analysis utilizes hindcast data initialized in May, which crosses this barrier. Although
lines 470-475 mention that November-initialized hindcasts show less noticeable
differences in ACC between resolutions, it is recommended that these results be
presented, particularly in a format similar to Figure 2. This would allow for a direct
assessment of whether increasing model resolution mitigates the impact of the spring
predictability barrier.

The Spring Predictability Barrier (SPB) is indeed a major challenge in ENSO forecasting. Our
study analyses the results of forecast systems initialised in May, which, as noted by the
reviewer, is less relevant because initialization happens within the barrier, not upstream of it.

The figure below shows the ACC for the equivalent forecast simulations initialized in
November in the (a) Nifo3 (5°S-5°N, 150°W-90°W), (b) Nifo3.4 (5°S-5°N, 170°W-120°W) and
(c) Nifio4 (5°S-5°N, 160°E-150°W) regions as a function of forecasted month for (blue) EC-
Earth3-SR and (orange) EC-Earth3-HR. The figure is analogous to Figure 2, but for November
initialization (with the new colours as mentioned below).
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Figure R3: Same as Figure 2 of the manuscript but for an initialisation of the forecast systems in
November: ACC in the (a) Nifio3 (5°S-5°N, 150°W-90°W), (b) Nifio3.4 (5°S-5°N, 170°W-120°W) and
(c) Nifio4 (56°S-5°N, 160°E-150°W) regions as a function of forecasted month for (blue) EC-Earth3-SR
and (orange) EC-Earth3-HR. The reference datasets are ESA SST CCI dataset (plain line) and ERAS
dataset (dashed line). The hindcast period is 1990-2015 and the 20 members of each system are used.
Open circles mean that the ACC is statistically significant at 95 % level of confidence.

The results clearly show that, when initialized in November, the higher-resolution configuration
of EC-Earth does not mitigate the impact of the SPG on forecast skill. While extending the
main article to fully analyse the November-initialized simulations is beyond the scope of this
study, since it would roughly double its length, we have expanded the discussion in lines 470—
475 to further address this specific result for November initializations (see below). We have



also included the corresponding figure in the Supplement, to illustrate that the added value of
increased resolution is strongly dependent on the initial state.

“‘However, the added value of resolution is less evident in other parts of the globe or when
predictions are initialized in November. Indeed, for the November-initialized predictions,
ENSO skill remains systematically lower in the EC-Earth3-HR configuration, especially during
boreal spring months, indicating a stronger impact of the spring predictability barrier at the
highest resolution (Supplementary Figure 2).”

Recommendation for Revision:

Based on the points above, it is suggested that the authors revise the abstract and conclusions
to more accurately reflect the findings. A more appropriate characterization would be: "ENSO
predictability shows a slight improvement with increased model resolution" and further
analysis is required to determine the extent to which the spring predictability barrier is affected
by this resolution increase.

As mentioned previously, the results are statistically significant even if the increase in the skill,
already high in the region for this initialization time, is relatively low. This has been taken into
account when rephrasing the sentence, which now reads: “Small but statistically significant
improvements are found in HR with respect to SR for predicting ENSO, skill improvements
that cannot be generalized to other regions and initialization times. Note that, as described in
the reply to the other reviewer, we also specifically state that this improvement in EC-Earth3-
HR is shown for a specific region (equatorial Pacific) and initialization time (May). The initial
statement in the second paragraph conclusions has also been changed to: “The EC-Earth3-
HR forecast system shows a small but statistically significant increase in predictive skill in the
equatorial Pacific relative to EC-Earth3-SR; this modest improvement is consistent across
regions (from the Western Equatorial Pacific through the canonical ENSO regions), and across
variables (SST, zonal surface winds, precipitation, air surface temperature and mixed layer
depth).”



Minor Comments:

e Figure Presentation: In Figures 2, 3, and 9, the use of more distinct color palettes for
the ECE-HR and ECE-SR timeseries is recommended to enhance clarity.

We changed the colours and used blue and vivid orange (#FF6800) in the figures mentioned.
We choose this new colour making sure that the figures are colourblind friendly. We show Fig2
as an example:
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Figure R4: Same as Figure 2 of the manuscript but with new colours.

Typo:
e Line 45: The term "important model" is ambiguous.

The word “important” was removed from the sentence because it referred to both model errors
and initialization errors, which was not clear from the wording and made it indeed ambiguous:
“‘Dynamical seasonal forecasts, based on GCMs, are affected by model and initialisation
errors, which can limit their applicability”.



