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We thank the reviewer for the constructive comments and useful suggestions. Below
we answer the different comments of the reviewer. We present all reviewer comments
and our answers are given in blue.

General comments. This paper investigates how much effect a Pinatubo like eruption
would have on decadal climate predictions for a number of variables, and whether the
phase of major modes of variability (PDO, NAO) at the time of eruption make a differ-
ence to the climate response. The authors find that a volcanic eruption does indeed
affect decadal predictions of temperature, precipitation and sea ice, and that some as-
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pects are dependent on the initial state of the climate system, particularly at regional
scales. This is an interesting and relevant topic, since the occurrence of a volcanic
eruption would likely have a large impact on climate on the timescale of decadal pre-
dictions. The authors explain the background and relevance of the research well. I feel
that the methods are appropriate to address the question and that the conclusions are
supported by the evidence shown. The presentation of figures is generally good.

The article is within the scope of ESD and should be interesting to its readership. I feel
that the article is worthy of publication, following the correction of some generally minor
issues. My main suggested change relates to presenting ensemble spread to show
how consistent results are between ensemble members, which will have implications
for how predictable the climate response to eruptions is. Similarly, an indication of the
extent to which modes of variability (particularly the NAO and PDO) remain in the same
phase or diverge between ensemble members post eruption may shed more light on
the differences between the two ensembles. My other suggestions mainly concern
clarity in some places and English corrections.

We will address these points in the specific comments below.

Specific comments

Abstract - Mention that it is an ensemble of forecasts here.

We added this information in the abstract.
“Each forecast contains an artificial Pinatubo-like eruption starting in June of the first
prediction year and consists of ten ensemble members.”

Abstract, last line – which simulations have the negative PDO? The 2012 ones? Please
make that clearer.

Yes, the 2012 ones. We added 2012 to this sentence.
“In contrast, the forecast initialized 2012 with a negative PDO shows a prolonged cool-
ing in the North Pacific basin.”
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Abstract: “So the question emerges how predictable is the response of the climate
system to future eruptions?” Looking at the ensemble spread would also help address
this question- see also comments below. Whilst you may find a volcanic signal in the
ensemble mean, the paper does not really give a feel for how consistent these signals
are between ensemble members, and this would have implications for how predictable
the climate response to volcanic eruptions is.

This is a valid point. We don’t address the question of how consistent the signals are
between the ensemble members explicitly, but implicitly this is addressed through the
applied significance test. All individual ensemble members are input of the t-test and
the Pinatubo and Baseline ensembles can only be significantly different if there is some
consistency between the individual members.
To get a better feeling of the consistency of the ensemble members are we added en-
semble spread information in figures 2, 6, and 8 (see attachment). It confirms, if there
is a significant difference between the two experiments, then the ensemble spread is
also separated. We feel that the ensemble spread does not add to much new infor-
mation to the plot, but rather makes them more complicated to read. Therefore, we
suggest to keep the old ones and add the plots with ensemble spread to a supplement.

Introduction, first paragraph – is it worth mentioning briefly where the predictability
comes from? E.g. is it from certain modes of variability? Or from SSTs? Etc. I
assume this list of variables are the things that are able to be predicted rather than the
predictors?

We agree that it is worth mentioning where the predictability comes from. We added
the following paragraph to the manuscript:
“Decadal predictability comes mainly from the multiyear memory of the ocean. The
memory in the ocean arises, for instance, from the persistence of ocean heat content
anomalies and from properly initialized ocean dynamics and circulation (e.g. Guemas
et al. 2012, Matei et al. 2012). A detailed explanation of the principles behind decadal
prediction can be found in Kirtman et al. (2013). ”
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Pg 2 Line 20, also pg 8 line 20- and the south American monsoon e.g. Joseph and
Zeng 2011??, Iles and Hegerl 2013;14

You are right. We added the South American monsoon and the suggested references.

Pg 2 Line 21-22 – is this decade long sea ice response for the large eruptions that
occurred around the time of the Little Ice Age, or for twentieth century ones as well?

It is also for the twentieth century ones. Ding et al. (2014) examined CMIP5 historical
simulations which cover the time period between 1850 and 2005. During this time five
major volcanic eruptions occurred (Krakatau 1883, Santa Maria 1902, Agung 1963, El
Chichon 1982, and Pinatubo 1991) and they found a period of increased sea ice after
most of them. Gagne et al. (2017) focused on the time period 1960 to 2005 with three
large tropical eruptions and came to the same conclusion. In order to make this a bit
clearer, we rephrased the sentence as follows.
“Sea ice in the Northern hemisphere is also affected by large volcanic eruptions that
occurred between 1850 and 2005 and SVEs can cause up to a decade of increased
Arctic sea ice extent (Ding et al., 2014; Gagné et al., 2017)”

Pg 4 line 32 – What is a “lagged-day method”? Can you explain briefly?

The so called lagged-day method is a procedure to generate an ensemble. To create a
spread within the ensemble the initialization date of each individual ensemble member
is shifted by one day.
In order to make that clearer we rephrased the sentence:
“For our experiment, we perform two decadal forecasts for ten years with ten ensemble
members each. For ensemble generation we use the lagged-day initialization method,
which means that the individual ensemble member is started on different start days
around the 31st December to spread the ensemble.”

Pg 5 first paragraph and throughout – I found the naming of the two experiments some-
what confusing (Pinatubo-2012 and Pinatubo-2014), because they are initialised on the
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last day of December in 2012 and 2014 respectively, meaning that the eruptions hap-
pen in 2013 and 2015 respectively, and that only one day of 2012/ 2014 is actually
simulated. I wonder if they would be better off being called Pinatubo 2013 and 2015?
Or at least make sure that it is clear that the eruptions happened in summer 2013 and
2015.

We would like to keep the experiment names because they follow the CMIP5 and
CMIP6 naming convention for decadal predictions. In order to reduce the chance of
possible misunderstandings we added the requested information in experimental setup
section.
“One forecast was initialized around December, 31st 2012 (Pinatubo-2012) and the
other one around December, 31st 2014 (Pinatubo-2014). The Pinatubo-like eruption
happens in June of the first prediction year, which is June 2013 in case of the
Pinatubo-2012 experiment and June 2015 for the Pinatubo-2014 experiment.”

Figure 1a and pg 4 line 27 – is it possible to plot the observed equivalent of figure 1a if
its not too much work?

Attached you find a plot which compares our simulated AOD (left) and the AOD forcing
data used in the MPI-ESM simulations contributing to CMIP5 and is based on Sato et
al. (1993) and Stechnikov et al. (1998) (Fig. S1). We think this gives also a good
impression of how good the aerosol model resembles the observed eruption.
However, we want stretch the point that that our goal was not to simulate the exact
Pinatubo eruption, but rather simulate an eruption of a similar size as the Pinatubo
eruption (Pinatubo-like). Therefore, we would like to move this plot to a possible sup-
plement.

Figure 1 b and c
- Are the vertical lines showing the initialisation dates in the right place? They should be
almost on the dashes for 2013 and 2015 on the x axis given the initialisation happens
on the 31st December. - Could you indicate on the plots when the eruptions happen?
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The vertical lines were unfortunately misplaced we have now moved them to the right
place. We also added hatched lines to indicate where the eruptions happen (see at-
tached Fig. 1).

- Could you explain explicitly why the hatched bars are different from the solid bars
before the eruptions? – Is this because the initialized runs diverge from the assimilation
run? How different is the phase of the NAO/ PDO between different ensemble members
before the eruptions? Can this be shown on the plot?

Yes, after initialization the model runs free and the free running ensemble members
diverge from the assimilation run. We added the indices for the individual ensemble
members to figure 1. There is a good agreement between the ensemble members for
the PDO index before the eruption. The ensemble members for the NAO are much
more scattered. This is in agreement to other studies that show that the NAO index is
hard to predict even on a seasonal timescale (Buttler et al., 2016)

Also it would be interesting to see how the NAO and PDO indices evolve after the
eruptions and how much this differs between ensemble members since this will impact
the post volcanic climate response.

We calculated the NAO and PDO indices for the first four prediction years as a twelve
month running mean to reduce variance (Fig. S3). The spread of the NAO index is
large in all experiments and there is no significant difference between the Baseline1
and Pinatubo simulations. That being said, there is a tendency to a positive NAO in-
dex in the Pinatubo-2012 ensemble two to three years after the eruption, which is not
visible in the Baseline-2012 ensemble (Fig. S3a). In contrast, the Pinatubo-2014 en-
semble shows a tendency to negative a NAO index in this time frame (Fig. S3b). This
negative NAO could potentially be the reason for the wetter conditions over Europe in
the Pinatubo-2014, but we want to emphasize that these results are not significant.
The ensemble spread of the PDO index is also large for all experiments. The spread
of the simulations with a Pinatubo-like eruption is bigger than in the Baseline1 simula-
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tions in both experiments and the ensemble mean index of the Pinatubo simulations is
damped compared to the Baseline1 (Fig. S3 c, d). The ensemble mean of the PDO
index diverges stronger in the 2012 initialized ensemble. This could explain the more
pronounced horse shoe pattern in near surface temperature in the 2012 experiment.
We will add figure S3 to the supplementary material.

Page 6 line 2 “AS it would be issued by the Miklip project” – what do you mean? Is this
how the Miklip forecasts are presented? Do you mean that they present things as 4
year means? If not, what is the rationale for presenting results as 4 year means when
some aspects of the climate response to volcanoes e.g. the precipitation response
over land, happen on a timescale less than 4 years?

Yes, the presenting 4 year means are the standard way in decadal prediction. This is
due to the fact that the prediction skill decreases rapidly with shorter temporal smooth-
ing. We understand your concern about the precipitation response over land. There-
fore, we prepared Fig. 8 with 2 year means instead of 4 year means also (see attach-
ment). See also the answer to your comment below.

Page 8 : Please define what a “frost day” is. Also, I am not sure whether it is really a
climate extreme – i.e. in cold regions every day might be a frost day, and that would be
normal, not extreme.

You are right. We removed the term “climate extreme” and added the definition of a
frost day. It reads now as follows:
“Not only mean temperature values are influenced by volcanic aerosol, but also the
daily temperature minimum. The Expert Team of Climate Change Indices (ETCCDI,
Karl et al. (1999)) defines a day as frost day if the daily minimum temperature is
below 0◦C and the number of frost days (FD) as the sum of those days. Figure
7 shows the anomaly of the number of frost days in our simulations for the prediction
years 1-4.”

Page 9 line 8/9: “ in most regions” I am not sure that a precipitation reduction can be
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seen in “most regions” in figure 9.

We agree. We changed this to “large parts, especially over land, ...” and also added
discussion about the ENSO like pattern over Southeast Asia and the East Pacific (see
also the answer to your comment below).

Figure2 - “Anomalies are based on the period 1981-2010” – is the climatology based
on the assimilation run? - I assume these plots are showing annual means? - It could
be interesting to show the ensemble spread as well. (Also for the other similar figures).

We removed the sentence “Anomalies are based on the period 1981-2010” as we are
not showing anomalies. The plots are showing 4 year means. We added the ensemble
spread to the plots as you suggested (see attachment)

Figure 5: near-zero changes could be shown in white for clarity e.g. so it would be
white where there is no sea ice all year round, or sea ice 100

We updated the figure. Near-zero changes are now shown in white.

Figure 9 and related discussion (precipitation):
-Is the difference in the Pacific related to the phase of ENSO?
How does the phase of ENSO compare in the post eruption years between the two
ensembles? (I know they started off in the same phase when they were initialised, but
they may have deviated since)

Thanks for your comment. We included additional ENSO indices (Nino4 and ESPI,
Fig. 10, attached) to the manuscript. Indeed, we find that the Pinatubo-2014 shows
a tendency to El Nino conditions in the second prediction year. We therefore added
discussion about ENSO to section “3.4 Precipitation”. It now reads as follows:

“In the global precipitation maps, we see a decrease of precipitation for both experi-
ments through the volcanic aerosol in large parts, especially over land, in the first four
prediction years (Fig. 9). The drying effect is strongest over the tropics, particularly in
Southeast Asia, and is even more pronounced in exp-2014. In fact, the tropical pre-
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cipitation pattern in Southeast Asia and the East Pacific in exp-2014 is very similar to
an El Nino response. Recent model studies (Maher et al., 2015; Pausata et al., 2015;
Khodri et al., 2017) revealed that volcanic eruptions have a significant impact on ENSO
and there is some ongoing debate whether tropical volcanic eruption can trigger an El
Nino event (Meehl et al., 2015; Predybaylo et al., 2017; Swingedouw et al., 2017). To
further investigate this, we calculated the temperature based Nino4 index (Trenberth
and Stepaniak, 2001) and the ENSO precipitation index (ESPI, Curtis and Adler, 2000)
for both experiments for the first four prediction years (Fig. 10) as twelve month running
means to reduce variance. The ensemble initialized in 2014 with a Pinatubo-like erup-
tion shows a tendency towards El Nino conditions, whereas the baseline1 ensemble
favors a weak La Nina condition (Fig. 10 b, d). The difference between the two experi-
ments in the ESPI is significant until simulation months 18-30 when both indices come
back to neutral conditions. In exp-2012 there is no difference evident in the first three
prediction years, but in year four the baseline1 ensemble starts simulating a La Nina
phase (Fig. 10 a, c) with a significant difference to the Pinatubo-like experiment. In
general, exp-2014 shows a stronger drying response in the tropical region. In contrast,
in this experiment, wetter conditions over Western Europe can be found which does
not occur in exp-2012 (Fig. 9).”

-Also, is the difference over Europe due to a different phase of the NAO?

See the answer to your comment above about the evolution of NAO index after the
eruption.

-I am also intrigued as to how similar or different the variability of modes like ENSO/
PDO/ NAO are within the members of each ensemble- i.e. the PDO and NAO start off
in a similar phase, but how much do they diverge between ensemble members over
time?

We calculated ENSO, PDO, and NAO for the individual ensemble members for the first
four prediction years. See answers to your comments above.
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-I also suspect that using a mean of the four post eruption years is not the most ap-
propriate to look at land precipitation, because the response tends to last more like 2
years, unless presenting 4 year means is the standard for decadal predictions.

Yes, presenting 4 year running means is the standard way to present forecasts in
decadal prediction (see also comment above). Nevertheless, we understand your con-
cern about the land precipitation. Therefore, we prepared figure 9 also with a two year
mean (see attached Fig S9). The overall pattern looks very similar to the 4 year mean,
but has less significant points. As there seem not much added information in the two
year means and to keep consistent with the standard we suggest to keep the four year
means and add the two year mean version of figure 9 to the supplement.

Pg 10 ENSO discussion: It would be worth mentioning that this influence of volcanoes
on ENSO is debated.

Because we added ENSO to section 3.4, we decided to remove this sentence. But we
mention there that the influence of volcanoes on ENSO is debated.

Conclusions “We have shown that the global near-surface air temperature and pre-
cipitation decrease as a response to the volcanic eruption is independent of the initial
conditions” – but only for the initial conditions that you have tested- this sentence cur-
rently sounds as if you mean its independent of all initial conditions, including things
you haven’t tested (e.g. ENSO phase), which you obviously can’t comment on.

You are right, this conclusion sounds too strong. We now specifically mention the NAO
and PDO in this sentence.
“We have shown that the global near-surface air temperature and precipitation de-
crease as a response to the volcanic eruption is independent of the initial state of the
PDO and the NAO and that the reduction is significant for the whole prediction period
in both forecasts.”

Technical corrections
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Pg 1 line 9/10 “So the question emerges how predictable is the response of the climate
system to future eruptions?” Add a colon between emerges and how. Same for page
3 line 9 -> “the question arises: What would happen.”

Changed.

Line 12: “among other things” – if I understand correctly, the only other thing was the
phase of the NAO, so this could be said specifically.

Yes, you are right. We changed it and mention the NAO specifically now.

Line 21: “than in the simulations initialized in 2014” – delete “than”, otherwise it means
the opposite!

Thanks!

Pg2 line6 MetOffice -> Met Office, (assuming you mean the UK one)

Changed to “UK Met Office”

Pg2 line 1 “more and more attention is BEING paid”

Added.

Pg 2 line 16 “regionally, HOWEVER, warm anomalies are ALSO found. . .” (“although”
is not the right word and changes the meaning of the sentence). Is it worth saying why?
i.e. its related to the positive NAO pattern that often occurs after eruptions.

Thanks for the correction. We decided not to mention the NAO here because it is
discussed later in this section.

Pg 2 Line 18 “atmosphere AND ocean dynamics”

Changed.

Pg 2 Line 19 “The last major volcanic eruptions followed a period” -> “The last major
volcanic eruptions WERE followed by a period” otherwise it means the opposite. Also,

C11

what do you mean by “the last major eruptions?” The ones that occurred this century?
Same for pg 7 line 10

Yes, it refers to the ones in the CMIP5 historical time period, which is from 1850 until
2005. We added the missing information:
“The major volcanic eruptions that occurred since 1850 were followed a period of re-
duced global precipitation”

Pg 2 Line 25 – are these studies about the NAO observation based or model based?

Ortega et al (2015) and Swingedouw et al. (2017) use reconstruction and reanalysis
data, whereas Bittner et al. (2016) uses a large ensemble simulation.

Pg 2 Line 31 “could demonstrate” -> “demonstrated”

Changed

Pg 2 Line 34 “volcanic future eruptions” -> future volcanic eruptions

Changed

Pg 3 line 10 “from the start year” -> “on the start year”

Changed

Pg 3 line 13 “multi-yearly” -> “multi-year”

Changed

Pg 4 line 25 “in the order of 50 to 100 years” -> “in the order of ONCE EVERY 50 to
100 years”

Added

Pg 5 line 7 “are in both experiments in a similar state” -> “are in a similar state in both
experiments”

Changed
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Pg 5 line 11 variables -> modes

We rephrased the entire sentence.

Pg 5 line 12 “nowadays set up” sounds a bit strange. How about “present day set up”?

We changed it to “present day set up”

Pg 7 line 8 “solar near-IR radiation BY the increased sulfate aerosol”

Added

Pg 7 line 19 (and elsewhere) “reacts stronger” -> “reacts more strongly”

Changed

Pr 8 line 13 “Whereas in the Pinatubo-2014 experiment, the frost days increase most
over the whole of North America, Scandinavia, Nordic Sea, and East Asia.” I get the
impression that this sentence should be joined to the previous one “. . ., whereas. . .” If
not, the change “whereas” to “In contrast”. “Whereas” needs both statements to be in
one sentence. Also “Nordic Sea” -> “the Nordic Sea”.

Thanks. We joined the sentences and added the missing “the”

Pg 8 line 21 –“. . .60

We added Lau et al. (2008) as reference

Pg 8 line 30 “area” -> “are a”

Changed.

Pg 8 line 31 “but it turned out that the precipitation changes are. . .” sounds too collo-
quial. “but the precipitation changes were. . .” is sufficient.

We rephrased the sentence as follows.
“Similar behavior has been found in CMIP5 model simulations, although they under-
estimated the precipitation changes compared to observational data (Iles et al., 2013;
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Iles and Hegerl, 2014; Paik and Min, 2017).”

Pg 10 line 2 – delete “Therefore”

Removed

Pg 10 line 8 “are in both experiments in a similar state” -> are in a similar state in both
experiments AT THE TIME OF INITIALISATION. (see also comments for figure 9)

Added.

Pg 10 line 28 “We could not find a clear link between the different initial states of the
NAO and one of these changes.” “one of these changes” -> “any of these changes” or
just “these changes”.

Changed.

Pg 11 line 8 “experiments will be conducted, where similar to our experiment, the
impact” -> “experiments will be conducted where, similar to our experiment, the impact”

Changed.

Figure 6 and 8 captions “other regions” -> “different regions”

Changed.
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Figure 1: a) Temporal evolution of the stratospheric aerosol optical depth (AOD) used for our 

simulations with a Pinatubo-like eruption. b), and c) show the climate indices NAO (a) and 

PDO (b) calculated from the assimilation model run. Hatched and lighter colors are the 

indices of the prediction system ensemble mean before the Pinatubo-like eruption and grey 

circles are the individual ensemble members. Vertical lines indicate the initialization time of 

our forecast experiments and vertical hatched lines indicate the start of the Pinatubo-like 

eruption. 

This figure will replace Fig. 1 in the manuscript.  

Fig. 1.
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Figure 10: Top row shows the Nino4 index and bottom row shows the ENSO Precipitation 

Index (ESPI) for the first four prediction years calculated as a 12 month running mean to 

reduce variance. Left (right) column shows the 2012 (2014) initialized experiments. Error bars 

show the standard deviation of the ensemble and vertical black lines indicate a significant 

difference. 

This figure will be added as Fig. 10 to the manuscript. 

Fig. 2.
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Figure S1: Left: Simulated AOD as in Fig. 1a), Right: AOD forcing data used in the MPI-ESM 

simulations contributing to CMIP5 and is based on Sato et al. (1993) and Stenchikov et al. 

(1998).  

This figure will be added to the supplementary material. 

 

Fig. 3.
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Figure S2: Like Fig. 2, but with standard deviation. 

This figure will be added to the supplementary material. 
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Figure S3: Top row shows the NAO index and bottom row shows the PDO index for the first 

four prediction years calculated as a 12 month running mean to reduce variance. Left (right) 

column shows the 2012 (2014) initialized experiments. Error bars show the standard 

deviation of the ensemble and vertical black lines indicate a significant difference. 

This figure will be added to the supplementary material. 
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Figure S6: Like Fig. 6 in the manuscript, but with standard deviation. 

This figure will be added to the supplementary material. 
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Figure S8: Like Fig. 8 in the manuscript, but with standard deviation. 

This figure will be added to the supplementary material. 
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Figure S8: Like Fig. 8 in the manuscript, but for 2-year running means, instead of 4-year 

means. 

This figure will be added to the supplementary material. 
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Figure S9: Like Fig. 9 in the manuscript, but for prediction year 1-2 instead of 1-4. 

This figure will be added to the supplementary material. 
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