Estimating return levels
from serially dependent extremes

Once again, we thank the Associate Editor and the refereegv¥ewing our work. We believe the
current version of our paper is much improved over earliesioas, and we have the referees and AE to
thank for this. In this revision, we

1. use bias—corrected, accelerated bootstrap confidetesgals (Efron, 1987) for return level esti-
mates in the Newlyn sea—surge and Bradfield wind speed datapées (Table 3), instead of the
percentile intervals used previously (see Section 4.3arctirent submission for a more complete
description and explanation);

2. have thoroughly checked our standard error calculafmm&ables 1 and 2 and are now confident
that the values reported here are correct;

3. Add a new section — Section 5 — giving some concluding resand spelling out what we believe
is ‘best practice’ when estimating return levels from dridependent extremes;

4. have thoroughly proof-read our work; as well as corregtrttinor typographical issues pointed
out by the two referees, we have corrected a few other mistaleehave found since the last
submission.

We now respond to the comments of the Associate Editor, atidrbterees, in turn.

Associate Editor's comments

Since the last submission, we have carefully proof-readnoamuscript and have corrected the typo-
graphical errors pointed out by the two referees, as welbasuws other mistakes we have found. The
Associate Editor said it was not essential for us to addtres8iist two points raised by referee 2 (estima-
tion of # and model mis—specification). We have, however, investijtite issue of bootstrap confidence
intervals (see point 1 above, our comments to referee 2 acttb8§el.3 in the most recent version of the

paper). We agree with the Associate Editor that the lastiaeisf the paper seemed to end somewhat
abruptly; we were conscious about the length of the paperpaedous requests to reduce this. We

have now included a final section (Section 5) which summsuase key findings and spells out what we

believe is ‘best practice’. We hope the Associate Editorditids satisfactory.

[Our response to referee 1'sreport is overleaf]



Referee 1's report

e The reference to Northrop and Jonathan (2011) has now beetated (fifth line on page 3 of the
most recent submission).

e In Section 2.3.4 (last line of page 6), we now say “see thetagiof Table 17, as suggested by the
referee.

e The referee points out that the upper bound of our 95% prdbig) (ikelihood confidence in-
terval for Z,0090 changed from 3.365 to 6.452 (page 7, line 2): we should haptaimed this in
our response accompanying the last submission. On redathgueverything before the last sub-
mission, we realised that the upper bound of 3.365 metrebtared when a cluster separation
interval of x = 10 observations is used; as our discussion in Section 2.3.4aga f explains,
Coles and Tawn (1991) suggest an intervat e 20 for sea surges at this location, and this gives
the corrected upper bound of 6.452 metres. The effect ofusimer values of is discussed in the
next paragraph (on page 7), and here we explain that the bpped of 3.365 fot; is obtained
when we use: = 10. So there was a mistake in our first submission which we ctadein the
second submission, without explaining what we had donerry's

e As suggested by the referee, we have removed the exclanmagidnafter 30 (page 7, line 7), just
in case readers mistake this as 30 factorial.

e On page 26, we replace “arrivals” with “arrival”, as spott®dthe referee.

e The referee quite rightly queries our standard errors in€Rafh and 2. We apologise for the
confusion here; we really should have given a deeper exjptsmiaa our last response. We do this
here.

(i) In the first submission, we did not attempt to estimse¢()) andse(1¥). In the second
submission (and the third!) we do this via a block bootstregcedure, incorporating this
into our estimated standard errors for return levels (veadelta method). The table below
reports standard errors for the return levels in the firstraggion (top row) and the second
submission (after quantifying the uncertaintydifl andd’®):

‘ 210 250 21000
021 /613 constant (0.091) (0.127) (0.201)
var(92) estimated using bootstrgp(0.059) (0.090) (0.159)
var(0%) estimated using bootstrgp(0.052) (0.079) (0.146)

As the referee points out, having accounted for the vartghit our estimates ob? and
613, we would expect a resultingicrease in the estimated variability of return levels, not a
decrease as suggested above. Actually, having checkddiduny times!), we realised before
the second submission that our estimated standard errirs finst submission (0.091, 0.127
and 0.201) were incorrect. Specifically, we neglected torporate our estimates éfinto
the process of obtaining standard errorsfoat all. For example, the components\ot, in
the delta method should be evaluated até, £ and 6: at this point, we used

Zr = U+ % [(Aurny)t — 1]

to obtain the components & 2, instead of Equation (5) in the current submission, and
our variance—covariance matrix for the model parametessagax 3 matrix for (\,, 7, ¢)
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only. EvaluatingVz, correctly, and using & x 4 variance—covariance matrix f())iu, G, &, é)
(whered is replaced withd® or 65! and where the variance of these estimates is assumed
zero), the standard errors for our return levels in the firbtrissionshould have been:

‘ 210 7:'50 21000
6P constant (0.057) (0.089) (0.158)
6B constant| (0.047) (0.077) (0.145)

Comparing these to the standard errors which incorporatabitity in our estimates of
(first table), we can see that the estimated standard eootisd return levels have increased,
as we would expect.

(i) Standard errors for estimated return levels Wﬁ@b is used changed because of the error in
the original bootstrapping scheme as pointed out be referee

(i) The referee comments that some of the other standaoisechanged between the first and
second submissions, and he/she does not know why. Againp@legse for not explaining
these changes in our report which accompanied the secomaissibn. On re—calculating
all of the values in our tables in preparation for the secarmhgssion, we realised that there
were other mistakes in the calculation of standard errotisariirst submission: for example,

~ ~

in places we had uses(),) instead ofvar()\,) in the delta method.

(iv) The referee points out that although we corrected Eqogt.3) in the first submission with
Equation (8) in the second submission, the standard emarifirst row of Table 2 on page
20 did not appear to change. We apologise for this — we obkjidagyot to update this table
completely! The correct standard errors have now beentetser

We have checked all of this again (and again (!), with sometsgr) and we are now confident that

the standard errors in Tables 1 and 2 are correct. We apeltmisoth referees for our sloppiness
here!

[Our response to referee 2's report is overleaf]



Referee 2’s report

The Associate Editor does not think it is essential for usddrass the first two points of Referee 2’s
report (using 8veges’ estimator of and checking the performance of our approach under model mis
specification). Although we agree with Referee 2 that theaddvge interesting lines of further enquiry,
to keep the paper to a reasonable length we do not consider toenments in our current work. We
have been asked by the referee, and the Associate Editatdta eonclusions section (Section 5 in the
current submission) and to re—consider the type of boqtstoafidence intervals we use fgr. Doing

so has increased the length of the paper, and as we were uedsuge to reduce the length of the paper
after the initial submission, we leave these comments firéuconsideration.

As we said earlier, the main aim of our paper is to demonsthatese of all threshold excesses in return
level estimation; there are other extremal index estinsat@re have not considered (not jusiv@ges’),
and Ferro and Segers’ intervals estimator seems to perfaneneely well anyway.

e The referee recommends that we use better bootstrap cocdid@rrvals for:, than the percentile
intervals used in the last submission (Section 4.3). Wekthlaa referee for making this sugges-
tion; we now use the bias—corrected and accelerated)(B@€thod as proposed in Efron (1987).
Details, including a practical calculation procedure foe position of the confidence bounds in
the bootstrap sample, are given in Section 4.3 of the new ssion (from the third paragraph on
page 17).

e Minor comments
— Page 1, line 35: “...such analyses are extremely wastefuata’. As recommended by the

referee, we change this to “...analyses based on such tahgsschemes...”

— Page 1, line 44/end of page 12: We change “real-life data’dtd” or “real data”, as
recommended by the referee.

— We add “Bootstrap” to the list of keywords.

— Page 2, line 54: We replace “...can be rather unwieldy” wittcan be quite impractical”,
with reference to the very wide intervals that can be produwgken using cluster peak ex-
cesses (as demonstrated in Davison and Smith (1990)).

— Page 3, line 30: We discuss that our aproach, using all thlésixcesses, increases estima-
tion accuracy and precision relative to a typical POT anslyesstimation accuracy increases
because of reduced bias, and estimation precision in@eagag to the inclusion of more
extremes (and so we get narrower confidence intervals).

— Page 4, line 8: We change “— oo” with “for large n”, as suggested by the referee.

— Page 4, line 43: The referee asks us to include the page ndordezadbetteet al. (1983).
Actually, we have replaced this reference with Pickand§%$).9in which the result that the
GPD is the limiting distribution for excesses over threslsalas first derived.

— We change “Coles(2001)” to “Coles (2001)” in the footnote ogeA.

— Page 6, line 24: We replace “... the level that is exceeded emerys observations” with
“...the level that is exceeded once, on average, evehservations”

— Page 6, line 422{/(%,) — ¢(%,)} — we remove the ‘hat’ from.
— Page 6, line 44: We replace “associated log—likelihoodhwatssociated profile log—likelihood”.



— Page 7, line 28: We replace “substantial under—protectiatii “substantial over— or under—
protection”.

— Page 8, lines 42/45: We replace “the other 1” and “the other— 0” with “the other
approaches 1” and “the other approaches 0” (respectivatyecommended by the referee.

— Page 10, line 46: We have corrected “the the”
— Page 12, line 17: We replace “might not expect” with “would arpect”.

— Page 13, Section 3.5.6: Asymptotic independence. We chamige show results for our
simulation study using Gaussian AR(1) processes becauggoé sssues. The Associate
Editor has asked us to include an overall conclusion settidhis work, which we agree is
needed; we have also expanded Section 4.3 to include infamebout the bias—corrected,
accelerated bootstrap confidence intervals used — refemad the Associate Editor pointed
out after the last submission that this Section neededtettenSince there were already
concerns about the overall length of this paper, and theiaddl material discussed heis
necessary, we feel that we do not have the space to expandr5@é.6. In fact, the plots in
Figure 4 would have to be reduced in size substantially if weavto add another row of plots
correspnding to the AR(1) case; we think this would comprentiie ability to understand
and interpret these plots.

— We have edited the caption for Table 1: it should now be cleairthe units (metres) are for
the estimated return levels.j. We havenot edited the caption for Table 2: the units (knots)
are clearly for the estimated return levels as all resultsrgin the table are for return levels,
no results for the extremal index are shown here.

— The referee asks if all the digits given in the tables on pdyar2 useful (we report results to
3d.p.). We keep all results to this level of accuracy, but el willing to reduce this if the
Associate Editor thinks this is necessary.

— We have changed the size of Figure 1 so that we now have sqalaetspas suggested by the
referee.

— The referee remarks that, in principle, it would be betteavtoid words/expressions like “of
course” and “obvious”; we agree and, where appropriate, ave hemoved such words or
edited the text. NEED TO CHECK FOR OTHER “STRONG” WORDS/EXPREJSS!

— The referee comments that it would be good if we could spelbau‘best practice’ explicitly
in a concluding section. In fact, the Associate Editor agisee Page 1 of this report), and
so we now include Section 5, which (we hope) pulls togethemtiain findings of our paper
succinctly, detailing what we believe is best practice asataestimating return levels for
environmental extremes is concerned.



