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• Each extreme-value fit is proved the likelihood’s one maximum in a
recorded box.

• 46,602 fits over a public global hindcast; 5,751 refused with the proof
of a limit.

• A ranking by a criterion is a decision only where its enclosures separate.

• A library’s default call matches none of 60 certified fits; location fixed,
45.

• A published design table decided row by row against the nearest public
cell.
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Abstract

A return level of significant wave height is read off a fitted distribution, and
a fitted distribution is, in practice, the point at which an optimiser stopped.
This paper repeats the extreme-value method of Reis et al. (2026) — six
parametric families fitted by maximum likelihood to the unfiltered series
and to daily, weekly and monthly block maxima, ranked by four goodness-
of-fit criteria, with 100- and 1000-year levels — on the method’s own public
hindcast, with every step decided rather than estimated. A fit is accepted
only when the Krawczyk operator proves that a box around the candidate
contains exactly one zero of the score equations and the Hessian is proved
negative definite over that box, both in outward-rounded interval arithmetic
over every datum; the four criteria and the levels are then enclosures over
the box; a ranking is decided only when the best enclosure lies wholly
below every other, and refused otherwise, with the reason recorded. Over
2,589 open-sea cells of the hindcast, 46,602 fits were attempted: 40,778 are
certified maxima, and 5,751 are generalized-gamma fits refused with the
proof that the likelihood is highest at the family’s lognormal limit, where
a float optimiser prints a point on the way. A threshold rule in place of
that proof changes the selected family at 544 of 7,767 cell-blocks. The
method paper’s ten regional claims, read as boxes over the certified cells, are
decided: 6 hold, 2 do not, 2 the refusals leave open. The same procedure
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decides numbers other people printed for the same data: of 60 fits by a
standard scientific library called with a free location parameter, none is the
maximum it reports and 7 lie below a member of their own family; called
with the location fixed, 45 agree with the certificate. Of twenty rows of a
published design table, 19 are off the maximum of the nearest public cell.
The novelty claimed is not interval arithmetic, which is standard, but the
decision grammar — a verdict with a witness, refusal as a result, and a
record that any reader can re-run without the authors’ code.

Keywords: significant wave height, extreme value analysis, return level,
maximum likelihood, interval arithmetic, verified computation, metocean
design

1. Introduction

A metocean design basis states a significant wave height with a return
period, and that number comes out of a chain: a record is blocked, a distri-
bution is fitted to the blocks, one distribution is chosen by a goodness-of-fit
statistic, and its tail is inverted at the return period (Coles, 2001; DNV,
2021; ISO, 2015). Each link is a computation, and each is usually car-
ried out by a general-purpose optimiser whose stopping point is then called
“the fit”. Reis et al. (2026) applied this chain over a global wave hind-
cast: six parametric families — normal, lognormal, Weibull, exponentiated
Weibull, generalized gamma and Gumbel — fitted by maximum likelihood
to the unfiltered 3-hourly series and to daily, weekly and monthly block max-
ima, ranked by the Kolmogorov–Smirnov, Anderson–Darling, chi-square and
mean-squared-error criteria, with the Anderson–Darling statistic chosen as
the selector and 100- and 1000-year levels read off the selected family. Their
conclusion, that the choice of criterion and of block size both move the se-
lected distribution and the long-period return level, is a statement about
the arithmetic of the method as much as about the sea.

This paper asks a narrower question of the same chain: at each step, is
the number what the method says it is? A maximum-likelihood estimate
is a zero of the score equations at which the Hessian is negative definite; a
goodness-of-fit statistic is a sum over the data; a ranking is a comparison of
such sums; a return level is a quantile of the chosen law. Each is decidable in
finite arithmetic with rigorous error bounds, and the tools for doing so — in-
terval arithmetic with outward rounding (Moore et al., 2009), the Krawczyk
operator for the existence and uniqueness of a zero (Krawczyk, 1969; Rump,
2010), and validated global optimisation (Hansen and Walster, 2004; Tucker,
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2011) — are decades old. What has not been done, to our knowledge, is to
apply them to the whole chain of an extreme-value study and to record the
result so that a reader can re-run it. The present work does that for the
method of Reis et al. (2026) on their own data, and adds a grammar for the
outcome: every fit, every ranking and every printed number receives one of
a small set of verdicts, each with the quantity that justifies it, and refusal
is a result that is counted, not an error that is dropped.

Three motivations come from practice. First, the likelihood of several
families used for Hs has no interior maximum on many series: the gener-
alized gamma’s supremum is at its lognormal limit (Prentice, 1974; Stacy,
1962), and the exponentiated Weibull’s runs to a Gumbel-type regime or
to a Fréchet corner; an optimiser then prints the last iterate as the fit, and
nothing in its output says so. Second, the same library called two ways
returns two different 100-year levels for the same data, because a location
parameter makes the likelihood unbounded (Hill, 1963; Harper et al., 2011);
which of the two is a maximum is a question of fact, and this paper decides
it. Third, design tables are printed from hindcasts that cannot be re-run
outside the organisation that produced them (Bhaskaran et al., 2023); a
certificate at the nearest public cell measures the distance between the two
records and says which of the printed digits are a maximum-likelihood fit of
anything.

The contribution is therefore not a new distribution, a new criterion
or a new estimate of the 100-year wave. It is (i) a certificate per fit, (ii)
a decision rule for rankings in which refusal is explicit, (iii) proofs, rather
than thresholds, for the two families whose supremum is at a limit, (iv) a
verdict vocabulary for numbers printed elsewhere, and (v) the public, re-
runnable record of all of this over the hindcast’s open-sea cells, with the
method paper’s own regional claims decided against it. Sections 2 and 3
describe the data and the certifier; Section 4 reports the results; Section 5
discusses what a certificate does and does not say, and what a standard for
marginal fits could take from it.

2. Data

2.1. The hindcast
The reference method was applied by Reis et al. (2026) to the Ifremer

WAVEWATCH III hindcast GLOBMULTI_ERA5_GLOBCUR_01 (Accensi,
2021; Alday et al., 2021): a global 0.5◦ grid at 3-hourly resolution, 1993 to
2024, forced by ERA5 winds and the global currents of the same system, dis-
tributed under CC BY-SA 4.0. The whole significant-wave-height field was
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read from the monthly files by byte range, each chunk hashed as read, and
two cuts were kept. The first is a lattice of 3,268 nodes — a 4◦ global lattice,
a 1◦ lattice of the Brazilian margin from 6◦N to 36◦S, and thirteen named
nodes — at each of which the largest 3-hourly value of every UTC day was
kept, 11,688 days from 1993-01-01 to 2024-12-31. Of these nodes, 679 are
touched by the model’s own sea-ice field at some step of the 32 years; under
ice the model damps the waves to millimetres rather than leaving a gap,
so those series are partly the ice’s and are recorded but not certified. The
remaining 2,589 open-sea cells (1,810 on the global lattice, 823 on the Brazil-
ian margin) are the atlas of Section 4.1. The second cut is the full 3-hourly
series, 93,504 values each, at 13 nodes chosen for the regions the method
paper names: the Campos, Santos, Espírito Santo, Pelotas, Potiguar and
Foz do Amazonas basins on the Brazilian margin; the Drake Passage, the
central Antarctic Circumpolar Current, the high southern latitudes and the
northern sub-Antarctic; the Arabian Sea, the western Pacific south of Japan
and the extratropical North Atlantic. A cell is the series at its node, not an
area mean; nothing is interpolated.

2.2. Three buoys
To decide numbers other people printed for the same data, the three

NDBC buoys of the environmental-contour benchmark of Haselsteiner et al.
(2021) — its datasets A, B and C, hourly, the provided and the retained
years together, 175,320 values each over 22, 22, 23 years — are certified at
five block sizes (hourly, daily, weekly, monthly, annual). The benchmark’s
appendix prints the Hs marginal that each contributing team fitted to the
provided ten years, and a scientific library’s fits to the same series were
recorded as printed (Section 4.6).

2.3. The block rule
A block maximum is the largest value in its calendar block, with the

UTC day, the ISO 8601 week, the calendar month and the calendar year as
the blocks; the rule lives in one module used by the ledger, the atlas and the
browser so that it cannot drift between them. The T -year return level of a
block of b hours is F−1(1 − b/(8766T )), with 365.25 × 24 = 8766 hours in
a year, as the method paper defines it; it is left undefined where fewer than
one block falls in the return period.
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3. The certificate

3.1. Families and criteria
The six families are those of Reis et al. (2026, §2.1), written in the

same parameterisation: the normal and the lognormal in (µ, σ); the Weibull
F (x) = 1−exp[−(x/λ)k]; the exponentiated Weibull F (x) = (1−exp[−(x/λ)k])α

(Mudholkar and Srivastava, 1993); the generalized gamma F (x) = P (α, (x/λ)c)
with P the regularized incomplete gamma function (Stacy, 1962); and the
Gumbel F (x) = exp(− exp[−(x−µ)/β]). None carries a location parameter
except the Gumbel’s own; this is the form the method paper prints and, as
Section 4.5 shows, the form a library’s default call does not use. The four cri-
teria are the Anderson–Darling statistic A2 = −n− 1

n

∑
i(2i−1)[lnF (x(i))+

lnS(x(n+1−i))] (Anderson and Darling, 1954), the Kolmogorov–Smirnov dis-
tance D = maximax(i/n− F (x(i)), F (x(i))− (i− 1)/n), the mean squared
error 1

n

∑
i[F (xi)−Fn(xi)]

2 against the empirical distribution function with
ties, and a chi-square statistic on max(8, ⌈log2 n⌉+1) equal-width bins over
[minx,maxx] with expected counts Ej = n[F (ej+1) − F (ej)] kept where
Ej ≥ 5 and undefined below two kept bins, as Reis et al. (2026, §2.2) de-
scribe. Lower is better for all four. A seventh family, the generalized extreme
value law (Jenkinson, 1955), of which the Gumbel is the ξ = 0 member, is
certified beside the six and never ranked among them (Section 3.5).

3.2. A fit as a box
A maximum-likelihood estimate is a zero of the score ∇θℓ(θ). The certi-

fier finds a candidate in floating point — Nelder–Mead on the log-likelihood
followed by a Levenberg–Marquardt ascent — and then proves two things
about a box X around it, both in outward-rounded interval arithmetic in
which every datum is enclosed by its two neighbouring doubles and every
elementary operation rounds outward (Moore et al., 2009):

1. the Krawczyk operator K(X) = θ̂ − Y ∇ℓ(θ̂) + (I − Y H(X))(X − θ̂),
with Y an approximate inverse of the Hessian at the centre and H(X)
the interval Hessian over X, maps X strictly into its interior, so that X
contains exactly one zero of the score (Krawczyk, 1969; Rump, 2010);

2. the Hessian is negative definite over X: the leading principal minors of
−H(X) are enclosed by Sylvester’s criterion and proved positive over
the whole box, or, where the box’s Hessian is too ill-conditioned for
its minors, positive at the candidate with every Hessian over the box
proved nonsingular, which gives the same conclusion on a connected
box.
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The zero is then the likelihood’s one maximum in X, and X is the certificate:
its half-width is recorded (at most 1.3 × 10−6 in the parameters on the 3-
hourly ledger, where the widest 100-year level enclosure is 5 × 10−5 m).
Everything downstream is an interval extension over X: each criterion, each
return level, and the log-likelihood itself, so that two families’ values on the
same data can be compared. Sums over the data are the delicate part:
a running interval sum rounds outward at every one of n additions, and
at n = 175,320 its width is a thousand times what the terms carry; each
endpoint stream is instead summed by the Sum2 algorithm with the error
bound of Ogita et al. (2005) added outward. The transcendental functions
are series with proved remainders; the gamma-function family (ln Γ, ψ, ψ′,
P , P−1) is enclosed by Binet’s formula with the first omitted term as the
bound, the series of P with a geometric tail, and bisection with certain sign
for P−1. The score and Hessian of the families that need them are produced
by second-order forward differentiation over the same arithmetic, so that no
derivative is written by hand.

What this does not prove is that no better maximum exists elsewhere in
the family: that is the search’s claim, as it is any optimiser’s, and the paper
says so wherever a fit is stated. It also does not say that the family is the
law of the sea, nor how far another record of the same length would move
the number; the sampling width is a statistical statement and is kept apart
(Section 3.6).

3.3. Rankings as decisions
With every statistic an enclosure, a ranking of families under a crite-

rion is decided when the lowest enclosure lies wholly below every other,
and refused otherwise, naming the overlap. A family without a certified
fit refuses the ranking — its maximum might exist and win — with one
exception: the generalized gamma whose likelihood is proved highest at its
lognormal limit (Section 3.4) is left out, named, and the lognormal, which
is what its likelihood reaches, is ranked in its stead. A climb stopped at a
family’s declared boundary proves nothing and blocks the ranking; so does a
statistic the arithmetic cannot enclose, and a chi-square bin whose expected
count straddles five. decided ranks the criterion’s arithmetic on this sam-
ple; it is not a test between models. The rule is one function, called by
the ledger and by the browser, and the atlas’s regional claims are decided
through it.
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3.4. Families whose supremum is at a limit
As α → ∞ with c → 0 the generalized gamma tends to the lognormal

(Prentice, 1974), so its likelihood’s supremum is at least the lognormal’s
maximum, and on many series the likelihood rises all the way there. In
Stacy’s coordinates the ridge is too flat for any contraction argument. In
Prentice’s (µ, σ,Q), with Q = 1/

√
α and the likelihood written as a power

series in Q with proved tails, Q = 0 is an ordinary point, and a maximum
beside the limit contracts (1,996 such fits are certified in these coordinates
on the atlas, 25 on the 3-hourly ledger). Where no maximum is found the
family is refused at its edge only with a proof: over a box B× (0, q1], with B
a neighbourhood of the lognormal fit of the form µ̂± kσ̂/

√
n, σ̂(1± k/

√
2n)

for the widest k among 3, 1, 0.3, 0.1 that proves it, the Q-component of the
Prentice score is proved negative, so every member there is less likely than
the lognormal at the same (µ, σ) and hence than the lognormal’s maxi-
mum. Like a certified maximum this is a local fact, and its neighbourhood
is recorded. On buoy A’s hourly series, for instance, the proof holds with
k = 3 and q1 = 0.05, the score’s Q-component at most −5326 over the box.

The exponentiated Weibull’s α runs away on another kind of series. With
θ = λk and β = θ lnα the family reads F (x) = exp{eβ/θ ln(1 − e−xk/θ)}, a
Gumbel law of Hk

s with location β and scale θ once e−xk/θ is small over the
data; the runaway α is a regime that the (α, k, λ) coordinates place in the
millions or beyond, not an edge, and in (k, θ, β) the maximum is an ordinary
point, certified there at 219 atlas cell-blocks. Where the climb runs on even
in those coordinates, toward k → 0 — a Gumbel law of lnHs, which is a
Fréchet law — the family is refused with that reason (53 atlas cell-blocks),
and the ranking with it, because the family’s supremum there is not yet
proved to be the Fréchet limit itself. An earlier version of the ledger used
a threshold (α > 500 for the generalized gamma) in place of the boundary
proof; on six 3-hourly series the family’s maximum sits beside the limit at
α between 951 and 2,323, certified there, and the threshold rule handed 17
of their 24 choices to another family. The present ledger keeps that rule’s
outcome beside the certificate’s at every cell-block, so that the difference
between a threshold and a proof can be counted (Section 4.1).

3.5. The seventh family
The method paper’s six hold one extreme-value law, the Gumbel. The

generalized extreme value law F (x) = exp{−[1+ξ(x−µ)/σ]−1/ξ} is certified
beside them at every cell and block, written so that ξ = 0 is an ordinary point
and with the support condition 1+ξ(x−µ)/σ > 0 enforced on every datum.
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Its likelihood has no global maximum — below ξ = −1 it is unbounded
as the support’s upper end reaches the largest datum — so its fit is the
certified maximum in the region where the estimator is regular, ξ > −0.5
(Smith, 1985), and a box that reaches −0.5 is refused. The GEV is never
ranked among the six: the tables that read against the method paper are
the paper’s; a separate column records what the Anderson–Darling statistic
decides among the seven by the same rule.

3.6. Statistical, not certified
A certificate says what a fit is on these 32 years; it does not say how

far another 32 years of the same sea could move it. The ledger carries that
width beside the records, labelled: the delta method’s 95% intervals on the
decided family’s 100- and 1000-year levels, taken on the logarithm of the
level so that they stay positive, from the observed information at the fitted
point in the certificate’s own coordinates and the level’s gradient by central
differences — asymptotic, with successive blocks taken as independent and
the family as right (Coles, 2001); the runs estimator of the extremal index
of the daily maxima (Smith and Weissman, 1994); and, on request in the
browser, a profile-likelihood interval. These are statements of another kind
and are drawn apart from the certified ones in every figure of this paper.

3.7. Printed fits
A number someone printed is decided over the box its digits allow: a

printed “0.0634” is the interval [0.06335, 0.06345], and the full log-likelihood
and the levels are evaluated over that box against the certified fit on the
same values. The verdict is reproduced when the certified box lies inside
the printed digits (they are its rounding); consistent when the digits lie
inside the certified box; off the maximum when the two are apart and
the printed likelihood lies below the certified maximum by a proved margin;
not the certified fit when they are apart without such a margin; out-
side its support when the printed location leaves data with zero density;
not a member when a printed parameter lies outside the family; and not
decided otherwise. The words are the same for the benchmark’s marginals,
the library’s fits and the design table.

3.8. The record and its controls
Every certifying module is pinned by its SHA-256 in the atlas ledger (10

modules), every worker of the atlas run refuses other bytes, and the page
that serves the atlas refuses to build over a ledger its own bundle did not
write; the corpus is pinned the same way (digest ef375fbfe509). A battery
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data as
intervals
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(Nelder–

Mead, LM)
Krawczyk:

one zero in X
Hessian

≺ 0 over X

criteria
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as enclo-
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(no con-

traction)
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(saddle,

boundary)
decided /
refused
ranking
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the edge
with the

proof
∂ℓ/∂Q < 0

Figure 1: The certificate of one fit. A float search only proposes; the Krawczyk operator
and the second-order test decide; every statistic is an interval extension over the certified
box X. A refusal is a recorded result with its reason, and the generalized gamma can be
refused at its lognormal limit only with the boundary proof of Section 3.4.

of 1,678 checks runs before any page is written, with 20 red controls that
must fire: among them, logarithms skewed to the right refuse the generalized
gamma at its limit with the proof; a 40,000-point generalized gamma with
α ≈ 900 is certified beside its limit, where a stop at α = 500 would miss it; a
family stopped at its boundary blocks the ranking; a saddle point is refused
by the second-order test; and the printed-fit decision has 15 checks with 6
red controls of its own. Any cell can be re-certified in a browser from the
pinned data by the same bytes, and the result is compared with the ledger’s
record by digest. The atlas took 4.6 hours on seven worker threads of a
laptop; the 3-hourly ledger 457 seconds.

4. Results

4.1. The atlas
Table 1 and Fig. 2 give the selection by the Anderson–Darling statis-

tic over the 2,589 open-sea cells at the three block sizes the atlas holds.
Of the 46,602 fits, 40,778 (87.5%) are certified maxima; 5,751 (12.3%) are
generalized-gamma fits refused at the lognormal limit with the proof; 53 are
exponentiated-Weibull climbs that run toward the Fréchet corner in both
coordinate systems; and 20 are refused for other reasons. The choice is de-
cided at 2,569 cells on the daily maxima, 2,573 on the weekly and 2,541 on
the monthly, and refused at 20, 16 and 48. The exponentiated Weibull
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Table 1: The family the Anderson–Darling statistic selects among the six, by block, over
the 2,589 open-sea cells: with the certificate (left) and with the threshold rule of Section 3.4
in place of the boundary proof (right). A refused cell is one where the enclosures overlap
or a family has no certified fit.

certificate daily weekly monthly

normal 2 9 52
lognormal 355 437 520
Weibull 9 13 69
exp. Weibull 1,597 1,452 1,115
gen. gamma 495 473 455
Gumbel 111 189 330
refused 20 16 48

threshold rule daily weekly monthly

normal 2 9 52
lognormal 477 520 610
Weibull 9 13 69
exp. Weibull 1,619 1,435 1,041
gen. gamma 353 388 361
Gumbel 116 220 445
refused 13 4 11

is the decided choice at 1,597 cells on the daily maxima and 1,115 on the
monthly; the Weibull at 9 and 69. The threshold rule of Section 3.4 — the
generalized gamma past α = 500 and the exponentiated Weibull past 104

taken for “the limit” and left out — names a different family, or none, at
544 cell-blocks (7.0%): 167 daily, 137 weekly, 240 monthly (Fig. 3).

The selection the statistic makes is not a sanity check. The decided
family’s 100-year level lies below the largest daily maximum of the 32-year
record at 2,607 of the 7,663 decided cell-blocks with a level (34%); the me-
dian ratio of the level to the record is 1.06, the ninetieth percentile 1.29,
and it exceeds two at 61 cell-blocks and five at 11 (Fig. 4). The largest is at
15◦N, 62◦E in the Arabian Sea on the daily maxima, where the exp. Weibull
is the decided choice and its 100-year level is 128.5 m against a record of 6.87
m, 18.7 times the record. Table 2 gives the node’s full 3-hourly series: the
exponentiated Weibull is decided at every block in its Gumbel coordinates,
with a 100-year level of 360.9 m on the unfiltered series and 23.6 m on the
monthly maxima against a record of 6.87 m. The certificate proves what
the method yields, including where the method yields a number no engineer
would use: the two-mode monsoon climate of that sea puts the family’s
maximum in a regime where the fitted law is a Gumbel law of a small power
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Figure 2: The family the Anderson–Darling statistic selects among the six at every open-
sea cell, (a) daily and (b) monthly maxima; a hollow square is a refused choice. Cells
are drawn as squares centred on their node: 4◦ on the global lattice, 1◦ on the Brazilian
margin. The Weibull and the normal, selected at few cells, share one colour.
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same choice at every block (2131 cells)
differs at 1 block (386)

differs at 2 blocks (58)
differs at 3 blocks (14)

Figure 3: Where a threshold rule in place of the boundary proof names a different family,
or none, at one, two or all three of the daily, weekly and monthly blocks.

Table 2: The Arabian Sea node (15◦N, 62◦E): the family the Anderson–Darling statistic
selects, its 100-year level, the exponentiated Weibull’s shape k in its Gumbel coordinates,
and the largest value on record, by block. On the 3-hourly ledger the exponentiated
Weibull is certified at every block in the coordinates (k, θ, β) of Section 3.4.

block selected 100-year Hs (m) k record (m)

3-hourly exp. Weibull 360.9 0.032 6.87
daily exp. Weibull 128.5 0.050 6.87
weekly exp. Weibull 46.3 0.101 6.87
monthly exp. Weibull 23.6 0.226 6.87

of Hs, and nothing in the selection rule objects. A design standard built on
this method would have to say so.

4.2. The method paper’s regional claims
Section 3 of Reis et al. (2026) describes its maps in words: where a family

gains or loses as the block grows, and where the return levels fall or rise with
it. Ten of those sentences speak of the blocks the atlas holds, and each was
read as a box (a latitude–longitude region or the global lattice), the blocks
it names and a rule over the certified cells there (Appendix Appendix A
gives the quotations). A cell counts for a family only where the choice is
decided; a refused cell counts for nobody and could count for anybody, so
a claim holds when it is true however the refused cells fell, does not hold
when it is false however they fell, and is undecided when they could make
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Figure 4: The decided family’s 100-year level divided by the largest daily maximum on
record, over every decided cell-block of the atlas (daily, weekly and monthly maxima).
The dashed line is the record itself.

it either. Table 3 gives the result: 6 hold, 2 do not, 2 are undecided. The
two that do not hold concern the generalized gamma in the Southern Ocean.
The two undecided ones are the global rise of the Weibull with block size
and the same transition in the monsoon Indian Ocean, where the refused
cells are enough to turn either way. The same ten claims were decided a
second time with the threshold rule of Section 3.4 in place of the boundary
proof (the table’s sixth column): 6 hold, 3 do not and 1 are undecided under
that rule, and 4 of the ten (claims 3, 5, 6, 10) change verdict between the
two readings — which is to say that the difference between a threshold and
a proof reaches the sentences a reader takes from the maps. A reader who
disagrees with a box can redraw it: the atlas decides any region typed or
drawn in the browser by the same function.

4.3. The seventh family
The GEV is certified at 7,765 of 7,767 atlas cell-blocks and refused at 2

where its box reaches ξ = −0.5. Its shape is certified below zero — a finite
upper end, which none of the six families can have — at 4,925 cell-blocks,
and above zero at 2,840 (Fig. 5a); no certified box straddles zero. Among the
seven, the Anderson–Darling statistic names the GEV at 1,489 cell-blocks
(456 daily, 541 weekly, 492 monthly; Fig. 5b). On the 1◦ Brazilian margin
it is named at 697 cell-blocks, at 592 of them with ξ certified below zero. At
the 45 cell-blocks where the exponentiated Weibull runs toward its Fréchet
corner the GEV is certified at 45, its ξ positive at 45 and its A2 below
every certified family’s at 45 — the tail the corner points to — and the
choice among seven stays refused at 45 of them, because the exponentiated
Weibull’s supremum there is not yet proved to be that limit. The GEV runs
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Table 3: The ten regional claims of Reis et al. (2026, §3) decided over the certified cells
(“verdict”), and decided again with the threshold rule of Section 3.4 in place of the bound-
ary proof (“threshold”). A count “decided” is the number of cells where the named family
(or the named relation between the two blocks’ levels) is decided; “refused” the cells
where the choice is refused; “of” the cells in the box.

# region cited blocks verdict threshold counts

1 the global 4◦ lat-
tice

§3.1,
Fig. 2

daily,
weekly,
monthly

undecided undecided exp. Weibull 977 → 888 → 728
(refused 19, 14, 42, of 1810);
Weibull 9 → 11 → 61 (refused
19, 14, 42, of 1810)

2 south of South
America (40–58◦

S, 80–56◦ W)

§3.2 daily does not
hold

does not
hold

exp. Weibull 12, gen. gamma 9,
lognormal 1 of 22 (refused 0)

3 the Southern
Ocean (40–65◦ S)

§3.2 daily,
weekly

does not
hold

holds gen. gamma 166 → 131 (refused
1, 3, of 382)

4 the Southern
Ocean (40–65◦ S)

§3.2 monthly holds holds exp. Weibull 227, lognormal 73,
Gumbel 48, gen. gamma 32, nor-
mal 1 of 382 (refused 1)

5 the monsoon In-
dian Ocean (0–25◦

N, 45–80◦ E)

§3.2
(Indian
Ocean)

daily,
monthly

undecided holds Weibull 1 → 3 (refused 5, 6, of
44)

6 the western Pa-
cific south of
Japan (24–36◦ N,
124–148◦ E)

§3.2
(west-
ern
Pacific)

weekly,
monthly

holds does not
hold

exp. Weibull 16, Gumbel 4, gen.
gamma 2, Weibull 1 of 26 (re-
fused 3)

7 the North At-
lantic (40–64◦ N,
60◦ W–0◦)

§3.3 daily,
monthly

holds holds lower at 38, not at 21, refused 3,
of 62

8 the North Pacific
(40–60◦ N, 140◦

E–130◦ W)

§3.3 daily,
monthly

holds holds lower at 70, not at 9, refused 2,
of 81

9 the Arabian Sea
(5–25◦ N, 50–75◦

E)

§3.3 daily,
monthly

holds holds lower at 16, not at 0, refused 7,
of 23

10 the western Pa-
cific south of
Japan (24–36◦ N,
124–148◦ E)

§3.3 daily,
monthly

holds does not
hold

higher at 17, not at 6, refused 3,
of 26
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away where the six do: at the Arabian Sea node its daily 100-year level is
of the same order as theirs (Table 2).

On the statistical side, kept apart: the decided family’s 100-year level
carries a delta-method 95% interval of 7% of its value at the median cell on
the daily maxima, 12% on the weekly and 17% on the monthly; the runs
estimator of the extremal index of the daily maxima runs from 0.16 to 0.68
over 2,589 cells, median 0.44, so that a design-life computation which takes
successive daily maxima as independent counts more independent chances
than the sea gives.

4.4. The 3-hourly series: buoys and nodes
On the three buoys at five blocks and the thirteen nodes at the method

paper’s four blocks, 353 of 402 fits are certified maxima, 47 are generalized-
gamma fits refused at the limit with the proof, and 2 — the exponentiated
Weibull on buoys A’s and C’s annual maxima — are refused where the climb
runs toward k → 0. The Anderson–Darling choice is decided on 65 of 67
series; the two refused are those annual series. Read against the method
paper’s three findings: “the exponentiated Weibull performs best for high-
frequency data” is decided for it on buoy A’s hourly series and against it on
B’s (lognormal) and C’s (gen. gamma), and on the hindcast’s unfiltered 3-
hourly series it is the decided choice at 6 of 13 nodes, the lognormal winning
Campos and Santos; “the traditional Weibull becomes more appropriate as
the block size increases” is decided against on every series — the Weibull is
the decided best of 0 of the 12 buoy series and 0 of the 52 node series at the
paper’s blocks; and “the choice of goodness-of-fit test significantly influences
the selected distribution” holds, the four criteria naming different families
on 2 of 12 buoy series and 20 of 52 node series. Reading only the family the
statistic selects at each of the four blocks, the 100-year level at buoy B runs
from 8.10 m (weekly) to 12.21 m (native), a factor of 1.51; on the nodes
the factor runs from 1.020 (southern-high) to 1.62 (south-of-japan) apart
from the Arabian Sea (Appendix Appendix B). The generalized gamma’s
maximum sits beside its lognormal limit on 6 node series, at α between 951
and 2,323 (Table 4); certified there, it wins 17 of their 24 choices, every one
of which a stop at α = 500 hands to another family.

4.5. The same software, two calls
A scientific library’s maximum-likelihood fitter (SciPy 1.18.1; Virtanen

et al., 2020) was called on every buoy block series two ways and its output
recorded as printed: with the location parameter fixed at zero, which is
the families as the method paper writes them, and with the default call,

15



180°W 120°W 60°W 0° 60°E 120°E 180°E

60°S

30°S

0°

30°N

60°N

(a) the sign of the GEV shape ξ, daily maxima (certified; every box excludes zero)

ξ < 0: a finite upper end ξ > 0: a Fréchet-type tail GEV refused (ξ at −0.5)
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(b) where Anderson–Darling among seven names the GEV, daily maxima

the GEV decided one of the six decided refused

Figure 5: The seventh family on the daily maxima. (a) The sign of the GEV shape ξ,
certified: below zero (a finite upper end) or above zero (a Fréchet-type tail); no certified
box contains zero. (b) The cells where the Anderson–Darling statistic, applied to the
seven families by the rule of Section 3.3, names the GEV.
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Table 4: The 3-hourly series on which the generalized gamma’s certified maximum lies
beside its lognormal limit (α > 500 in Stacy’s coordinates, certified in Prentice’s), and
how many of the four criteria’s choices move when the family is left out as a threshold
rule would.

node block α choices moved

campos monthly 1,287 3
foz-amazonas weekly 951 2
drake daily 1,670 4
acc-central native 1,370 4
acc-central daily 2,323 1
north-atlantic weekly 2,315 3

in which the location is free. Each printed fit was then decided against
the certificate by the rule of Section 3.7. With the location fixed, 45 of 60
fits agree with the certificate to half a centimetre in the 100-year level; 10
are generalized-gamma fits printed below the limit the family’s likelihood is
proved to rise to; 3 are off the maximum; 2 are the exponentiated Weibull
where the certificate refuses it. With the location free, no fit agrees: 52
cannot be decided at all, because a location parameter below the smallest
datum makes the likelihood unbounded (Hill, 1963) and the printed point
is a stationary point of a function with no maximum; 7 lie below a member
of their own family at location zero, by a proved margin; and 1 places a
Weibull location above one of buoy A’s monthly maxima, which then has
zero density (Table 5). The pair that matters for a design basis is buoy
A’s hourly exponentiated Weibull: the fixed-location call returns a 100-year
level of 15.20 m and is the certified maximum; the default call returns 7.08
m from a point 19,850 log-likelihood units below that member of its own
family (Fig. 6). Across the default calls the printed 100-year level differs
from the certified one by between -8.12 and +4.01 m. This is not a defect
of the library, which does what it is asked; it is a property of the likelihood,
documented for the three-parameter Weibull by Harper et al. (2011), and a
reason for a certificate to travel with the number.

4.6. Printed fits: a benchmark’s marginals and a design table
The environmental-contour benchmark (Haselsteiner et al., 2021) gave

its contributing teams the same ten years of the three buoys and printed, in
its appendix, the Hs marginal each fitted; 15 printed rows can be read as
a family and decided on the hours they were fitted to (Appendix Appendix
C). For buoy A the printed marginals put the hourly 100-year level any-
where between 5.25 m and 14.53 m, while the certified maximum-likelihood
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Figure 6: The 100-year level printed by the library against the certified maximum on the
same block maxima, for the four families with a scale parameter on the three buoys at
five blocks: location fixed at zero (filled) and the default call with a free location (hollow).
The dashed line is equality.

fits of the Weibull, the lognormal and the exponentiated Weibull on the
same 82,805 hours give 5.25, 12.11 and 15.90 m. One contribution’s two-
parameter Weibull for A and B is the certified maximum-likelihood fit to
its last printed digit, and its row for C is exactly the certified Weibull fit of
the zero-up-crossing period, not of Hs; another’s translated Weibull leaves
10,426, 10,904, 9,410 observed hours of A, B and C below its printed lo-
cation, where its density is zero; a third’s three-parameter lognormal is a
certified local maximum of a likelihood that has no global one. None of this
is visible in the printed digits. It is visible in the certificate.

A design table was decided the same way. Bhaskaran et al. (2023) print
annual-maximum fits of Hs — the Gumbel by least squares, maximum like-
lihood and moments, and the GEV by maximum likelihood — for forty
offshore wind lease areas, from a commercial hindcast that cannot be re-
run outside it. For the five South Atlantic areas, the two nearest open-sea
cells of the public hindcast (31 to 61 km from the printed coordinates) were
blocked by the calendar year, the Gumbel and the GEV were certified on
the 32 annual maxima, and the printed digits were decided against them.
Of the 20 rows, 19 are off the maximum and 1 is outside its support;
the printed 100-year wave lies between −2.03 and +3.14 m from the cer-
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Table 5: The library’s fits that are neither the certified maximum nor undecidable, with
the printed 100-year level (its difference from the certified one in parentheses) and the
proved log-likelihood deficit below the certified maximum or, for a location-free fit, below
the family’s member at location zero.

series family call verdict 100-year Hs (m) ℓ below

A hourly exp. Weibull location free below a member 7.08 (−8.12) 1.98× 104

A hourly gen. gamma location fixed below its limit 8.35 2.53× 103

A hourly gen. gamma location free below a member 8.15 2.52× 103

A daily exp. Weibull location free below a member 13.34 (−1.70) 3.96
A daily gen. gamma location fixed below its limit 8.15 1.67× 102

A daily gen. gamma location free below a member 6.47 7.76× 102

A weekly exp. Weibull location fixed off the maximum 17.31 (−0.07) 0.00
A weekly gen. gamma location fixed below its limit 9.99 18.86
A monthly Weibull location free outside support 11.37 –
A monthly gen. gamma location fixed below its limit 11.42 1.25
A annual gen. gamma location fixed below its limit 10.33 0.69
B hourly gen. gamma location fixed below its limit 8.65 1.03× 103

B daily gen. gamma location fixed below its limit 7.35 64.35
B weekly gen. gamma location fixed below its limit 8.03 5.86
B weekly gen. gamma location free below a member 8.79 0.29
B monthly gen. gamma location fixed below its limit 8.94 2.08
B monthly gen. gamma location free below a member 9.74 0.36
C hourly gen. gamma location fixed off the maximum 10.96 (−1.25) 60.79
C hourly gen. gamma location free below a member 7.18 (−5.03) 1.41× 103

C daily gen. gamma location fixed off the maximum 9.93 (−0.58) 1.34
C annual gen. gamma location fixed below its limit 10.19 0.73

tified fit’s, outside the certified fit’s 95% delta-method interval at 19 of 20
(Table 6, Fig. 7). This is the distance between two records — a commercial
hindcast at the lease area and a public one at the nearest cell — and not
an error in the table: at the Projeto Açu area the two nearest public cells,
31 and 77 km away, give Gumbel 100-year levels of 3.21 and 5.47 m. What
the certificate adds is exactly that the distance is now a number, per row,
with the method’s own arithmetic on the public side decided rather than
estimated.

5. Discussion

What a certificate says. For each fit the record holds the digest of the data,
the choices made (the family, the block rule, the coordinates), a box proved
to contain the likelihood’s one maximum, the enclosure of each statistic
and level over it, and the digests of the code; for each ranking it holds the
verdict and, where refused, the overlap; for each printed number it holds
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Table 6: The South Atlantic rows of the design table of Bhaskaran et al. (2023) decided
against the nearest open-sea cell of the public hindcast: the printed parameters (the
GEV’s shape with the sign convention of this paper), the 100-year level the printed digits
imply, the certified fit’s 100-year level and its 95% delta-method interval (statistical, not
certified), their difference, and the verdict of Section 3.7.

area method printed printed 100-yr certified 100-yr 95% interval difference verdict

UY01 Gumbel, least squares 6.80, 0.71 10.09 8.38 [7.60, 9.25] +1.71 off the maximum
UY01 Gumbel, maximum likelihood 6.83, 0.57 9.48 8.38 [7.60, 9.25] +1.10 off the maximum
UY01 Gumbel, moments 6.82, 0.62 9.70 8.38 [7.60, 9.25] +1.32 off the maximum
UY01 GEV, maximum likelihood 6.81, 0.56, -0.08 9.01 9.61 [6.83, 13.51] −0.59 off the maximum
Projeto Açu Gumbel, least squares 3.68, 0.40 5.55 3.21 [3.00, 3.44] +2.34 off the maximum
Projeto Açu Gumbel, maximum likelihood 3.68, 0.38 5.46 3.21 [3.00, 3.44] +2.24 off the maximum
Projeto Açu Gumbel, moments 3.69, 0.35 5.33 3.21 [3.00, 3.44] +2.12 off the maximum
Projeto Açu GEV, maximum likelihood 3.71, 0.40, 0.14 6.36 3.22 [2.76, 3.77] +3.14 off the maximum
Farol wind Gumbel, least squares 5.10, 0.59 7.84 5.86 [5.34, 6.42] +1.99 off the maximum
Farol wind Gumbel, maximum likelihood 5.12, 0.51 7.49 5.86 [5.34, 6.42] +1.64 off the maximum
Farol wind Gumbel, moments 5.12, 0.52 7.54 5.86 [5.34, 6.42] +1.68 off the maximum
Farol wind GEV, maximum likelihood 5.11, 0.51, -0.02 7.40 5.76 [4.94, 6.72] +1.65 off the maximum
Sopros do RJ Gumbel, least squares 2.84, 0.26 4.06 5.47 [5.01, 5.97] −1.41 off the maximum
Sopros do RJ Gumbel, maximum likelihood 2.85, 0.24 3.98 5.47 [5.01, 5.97] −1.49 off the maximum
Sopros do RJ Gumbel, moments 2.85, 0.23 3.94 5.47 [5.01, 5.97] −1.54 off the maximum
Sopros do RJ GEV, maximum likelihood 2.85, 0.24, 0.05 4.14 5.04 [4.53, 5.61] −0.90 off the maximum
Projeto Ubu Gumbel, least squares 2.16, 0.22 3.20 4.93 [4.49, 5.41] −1.73 off the maximum
Projeto Ubu Gumbel, maximum likelihood 2.17, 0.18 3.03 4.93 [4.49, 5.41] −1.90 off the maximum
Projeto Ubu Gumbel, moments 2.17, 0.19 3.07 4.93 [4.49, 5.41] −1.85 off the maximum
Projeto Ubu GEV, maximum likelihood 2.16, 0.17, -0.09 2.83 4.86 [4.07, 5.81] −2.03 outside its support

the box the digits allow and the verdict. Anyone can check these claims
from the record alone, in any arithmetic that rounds outward, and the atlas
does so in a browser from the pinned data. In the regulatory sense nothing
here certifies anything: offshore units are approved by classification societies
under national rules, and a design basis is theirs to accept (DNV, 2021; ISO,
2015). The word is used in this paper in its mathematical sense only, for a
statement with a machine-checkable proof, and the objects offered are such
proofs.

What it does not say. A certificate does not rank models: decided means
that one criterion’s arithmetic separates the families on this sample, and the
Arabian Sea node shows a decided choice that no one would design to. It
does not say that a better maximum is absent elsewhere in a family, which
remains the search’s claim; a branch-and-bound proof over the family would
close that gap and is the natural next step. It does not give the sampling
width of a level, which is a statistical statement made beside the record and
labelled; nor the hindcast’s own error against the sea it simulates. And a
decided regional claim depends on the box drawn for it; the atlas lets the
method paper’s authors redraw their own.

What it changes. Two practical consequences follow. The first is for soft-
ware: the same library returns two 100-year levels for the same data de-
pending on a default, neither of which announces whether it is a maximum,
and the generalized gamma’s likelihood has no interior maximum on 5,751 of
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certified maximum at the nearest public cell
printed in the design table
95% delta-method interval (statistical, not certified)

Figure 7: Twenty printed 100-year waves of a design table (Bhaskaran et al., 2023) against
the certified fit at the nearest public cell, with the latter’s 95% delta-method interval. The
difference measures the distance between two hindcasts at two points; the certificate makes
it a number per row.

46,602 atlas fits, where any optimiser prints a point on the way. A pipeline
that fixes the location and uses the boundary proof agrees with the certifi-
cate; one that does not can be a factor of two off at the 100-year level with
no warning. The second is for standards. A standard for marginal fits —
which the operators of the Brazilian margin’s fields have reason to want,
since every contractor builds its own model (Reis et al., 2026) — can be
read off the atlas: which choices it must fix (the location, the block rule,
the coordinates in which a family is fitted, the treatment of a family at its
limit, the criterion), and where a certificate rather than an optimiser has to
say what the fit is. The certificate is the second half of such a standard: the
data stay where they are, and the proof travels.

Cost. The atlas’s 46,602 fits took 4.6 hours on a laptop’s seven worker
threads, with the generalized gamma’s three climbs and the Prentice fall-
back the largest part; six fits of a 93,504-value 3-hourly series take minutes
each. Re-certifying one cell in a browser takes seconds. The arithmetic is
JavaScript on IEEE-754 doubles with simulated directed rounding (one ulp
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outward per operation), which is conservative by a factor of about two in
the last bit and costs nothing at the accuracy needed here.

6. Conclusions

The extreme-value chain of Reis et al. (2026) was repeated on its own
public hindcast with every fit certified as the likelihood’s one maximum in a
recorded box, every statistic and level an enclosure, every ranking a decision
or a refusal with its reason, and the two families whose supremum lies at a
limit treated by proof rather than by threshold. Over 2,589 open-sea cells,
40,778 of 46,602 fits are certified and 5,751 are refused at the generalized
gamma’s lognormal limit with the proof; a threshold in place of that proof
changes the selected family at 544 cell-blocks and the verdict of 4 of the
method paper’s ten regional claims. The same decision applied to other
people’s numbers finds that a library’s default call is the maximum it reports
on none of 60 fits, that the printed marginals of a benchmark span a factor
of nearly three in the hourly 100-year level on one buoy, and that 19 of 20
rows of a published design table are off the maximum of the nearest public
cell by a measured amount. What is proposed to the metocean community
is not a different estimate of the 100-year wave but a different object to
accompany it: a record that any reader can re-run, in which refusal is a
verdict.
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Appendix A. The ten claims as read

# quotation from Reis et al. (2026) rule over the certified cells

1 “as the block size increased from daily to weekly and monthly,
there was a marked reduction in the number of points classified
as Exponentiated Weibull – the distribution that previously
dominated – and a corresponding increase in the standard
Weibull distribution”

the exponentiated Weibull decided at fewer cells,
and the Weibull at more, at each step daily →
weekly → monthly (Anderson–Darling)

2 “In the daily block, … the Generalized Gamma gains promi-
nence along the coastal region south of South America”

the generalized gamma the most frequent
decided choice in the box, daily maxima
(Anderson–Darling)

3 “In the weekly block, the distinction between the northern,
central, and southern ACC sectors weakens substantially, with
the Generalized Gamma expanding its spatial influence”

the generalized gamma decided at more cells in
the weekly block than in the daily (Anderson–
Darling)

4 “By the monthly block, this diversity nearly disappears:
the Exponentiated Weibull dominates most of the Southern
Ocean, with only small residual areas of Gumbel”

the exponentiated Weibull the decided choice at
more than half the certified cells, monthly max-
ima (Anderson–Darling)

5 “as the block size increases, a transition toward the standard
Weibull distribution occurs”

the Weibull decided at more cells in the monthly
block than in the daily (Anderson–Darling)

6 “in the monthly block, the Exponentiated Weibull again be-
comes dominant”

the exponentiated Weibull the decided choice at
more than half the certified cells, monthly max-
ima (Anderson–Darling)

7 “Across most mid- and high-latitude ocean basins, including
the North Atlantic, North Pacific, and Arabian Sea, a system-
atic reduction in estimated Hs values is observed as the block
size increases”

at more than half the certified cells, the 100-year
level of the monthly block’s decided family lies
wholly below the daily block’s

8 “Across most mid- and high-latitude ocean basins, including
the North Atlantic, North Pacific, and Arabian Sea, a system-
atic reduction in estimated Hs values is observed as the block
size increases”

at more than half the certified cells, the 100-year
level of the monthly block’s decided family lies
wholly below the daily block’s

9 “The Arabian Sea displays a marked reduction in projected
extremes as block size increases”

at more than half the certified cells, the 100-year
level of the monthly block’s decided family lies
wholly below the daily block’s

10 “In the western Pacific south of Japan, return levels increase
for longer block sizes, particularly for the 1000-year period”

at more than half the certified cells, the 1000-
year level of the monthly block’s decided family
lies wholly above the daily block’s
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Appendix B. Aggregation on every 3-hourly series

Table B.7: Reading only the family the Anderson–Darling statistic selects at each of the
four paper blocks (and the annual block on the buoys), the lowest and highest 100-year
level and their ratio.

series lowest (block, family) highest (block, family) factor

buoy A 13.05 (monthly, lognormal) 17.38 (weekly, exp. Weibull) 1.33
buoy B 8.10 (weekly, Gumbel) 12.21 (native, lognormal) 1.51
buoy C 9.19 (weekly, exp. Weibull) 12.21 (native, gen. gamma) 1.33
campos 5.84 (monthly, gen. gamma) 6.13 (weekly, exp. Weibull) 1.05
santos 7.04 (daily, exp. Weibull) 7.62 (monthly, exp. Weibull) 1.08
espirito-santo 5.04 (monthly, gen. gamma) 5.77 (native, exp. Weibull) 1.15
pelotas 11.23 (daily, exp. Weibull) 11.51 (weekly, exp. Weibull) 1.02
potiguar 3.17 (monthly, gen. gamma) 3.32 (daily, gen. gamma) 1.05
foz-amazonas 4.61 (monthly, gen. gamma) 5.96 (native, lognormal) 1.29
drake 15.46 (weekly, gen. gamma) 17.45 (native, exp. Weibull) 1.13
acc-central 18.28 (daily, gen. gamma) 20.86 (monthly, Gumbel) 1.14
southern-high 17.71 (weekly, lognormal) 18.06 (monthly, exp. Weibull) 1.02
subantarctic-north 15.51 (weekly, lognormal) 18.60 (native, exp. Weibull) 1.20
arabian-sea 23.65 (monthly, exp. Weibull) 360.85 (native, exp. Weibull) 15.26
south-of-japan 17.84 (weekly, exp. Weibull) 28.88 (monthly, exp. Weibull) 1.62
north-atlantic 25.89 (weekly, gen. gamma) 28.48 (native, lognormal) 1.10
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Appendix C. The benchmark’s printed marginals, decided

Table C.8: The Hs marginals printed in the appendix of Haselsteiner et al. (2021) for the
provided ten years of buoys A, B and C, decided on those hours, with the hourly 100-year
level over the box the printed digits allow.

contribution buoy family printed decided 100-yr Hs (m)

1 & 2 A Weibull 0.944, 1.48, 0.0981 location at the smallest hour to the digits; un-
decided

5.59–5.66

1 & 2 B Weibull 1.14, 1.60, 0.188 location at the smallest hour to the digits; un-
decided

5.98–6.09

1 & 2 C Weibull 1.16, 1.56, 0.0566 location at the smallest hour to the digits; un-
decided

6.20–6.32

3 A 3-p lognormal 0.717, 0.635, 0.0634 a certified local maximum of an unbounded like-
lihood

14.44–14.53

3 B 3-p lognormal 0.972, 0.572, 0.0633 a certified local maximum of an unbounded like-
lihood

14.54–14.62

3 C 3-p lognormal 0.937, 0.620, -0.0318 a certified local maximum of an unbounded like-
lihood

17.48–17.58

4 A exp. Weibull 0.207, 0.684, 7.79 below the certified maximum by 877 or more
(least squares by design)

11.57–11.70

4 B exp. Weibull 0.0988, 0.584, 36.6 not maximum likelihood (weighted least
squares)

12.94–13.06

4 C exp. Weibull 0.227, 0.697, 9.85 not maximum likelihood (weighted least
squares)

12.03–12.15

8 A Weibull 1.0651, 1.6399 the rounding of the certified MLE 5.25–5.25
8 B Weibull 1.3654, 1.8893 the rounding of the certified MLE 5.45–5.45
8 C Weibull 5.0475, 5.5633 the certified Weibull MLE of the zero-up-

crossing period, not of Hs

8.08–8.08

9 A Weibull 0.4983, 0.8573, 0.4187 10,426 hours below the printed location 10.96–10.96
9 B Weibull 0.6539, 0.9710, 0.5658 10,904 hours below the printed location 10.24–10.24
9 C Weibull 0.7291, 1.0134, 0.3910 9,410 hours below the printed location 10.03–10.03
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