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Variability and persistence of scour at bridges
using stochastic simulations

Alonso Pizarro, Oscar Link, and Demetris Koutsoyiannis
NHESS Discussions, doi: 10.5194/egusphere-2025-6530

EC: Editor Comment, AR: Author Response, 0 Manuscript text

Dear Editor (David J. Peres),

Thank you for taking the time and effort to deal with this manuscript. Surely, incorporating all
suggestions is improving the manuscript's readability and overall quality. Please find our responses
to your comments below. Below, we list editor’s comments verbatim in bold, followed by responses
to these comments in blue.

Thank you again for your helpful feedback!
Kind regards,

Alonso Pizarro (on behalf of all co-authors)

Dear Alonso Pizarro,

Thank you for your replies to the referee comments. In addition to those, I suggest that
you highlight in more detail, perhaps in the introduction, the links with the general scope
of NHESS, which may not seem so evident from the preprint. I am looking forward to
receiving your revised manuscript. Please notice that asking for a revised manuscript does
not ensure that your paper will be accepted, as it will undergo another round of revision.

Best regards,

David J. Peres.

Thank you for your positive initial assessment. The aims and scope of the NHESS journal
(https://www.natural-hazards-and-earth-system-sciences.net/about/aims_and_scope.html)
were linked with the manuscript explicitly in the introduction section. A new paragraph was
added and now reads:

... From a natural-hazards perspective, bridge scour is a hydrologically driven erosional
hazard through which floods can progressively scour foundations and, in many cases,
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cause structural failure and disruption of transport networks (Cook et al., 2015; Tubaldi et
al., 2022). Unlike hazards characterised solely by the magnitude of an individual event,
scour is a cumulative, time-dependent process governed by the temporal sequence of
stream flows, sediment transport, and the alternating erosion and filling of the scour hole.
Consequently, similar flood peaks may produce different scour responses. Characterising
the variability, persistence, and return levels of scour is therefore relevant to natural-hazard
assessment, as it provides the hazard information required for subsequent evaluations of
bridge vulnerability and risk as well as supporting monitoring, maintenance, and
mitigation strategies...

Sede Concepcién

Avda. Collao 1202, Casilla 5-C - CP: 4051381. Fono/Fax: (56-41)3111200
Sede Chillan

Avda. Andrés Bello 720, Casilla 447 - CP: 3800708. Fono/Fax: (56-42)2463000

Email: ubb@ubiobio.cl
www.ubiobio.cl




RC1:

AR 1:

RC 2:

AR 2:

UNIVERSIDAD DEL BiO-BIiO

Interactive Discussion: Author Response to Reviewer 01

Variability and persistence of scour at bridges
using stochastic simulations

Alonso Pizarro, Oscar Link, and Demetris Koutsoyiannis
NHESS Discussions, doi: 10.5194/egusphere-2025-6530

RC: Reviewer Comment, AR: Author Response, 0 Manuscript text

Dear Reviewer 01 (Panayiotis Dimitriadis),

Thank you for taking the time and effort to review this manuscript. Surely, incorporating your
suggestions will improve the manuscript's readability and overall quality. Please find our responses
to your comments below. Below, we list reviewer’s comments verbatim in bold, followed by
responses to these comments in blue.

Thank you again for your helpful feedback!
Kind regards,

Alonso Pizarro (on behalf of all co-authors)

In this study, the Authors analyze the observed variability of the scour effect at bridges
using stochastic simulation tools and schemes, by estimating and preserving vital
stochastic properties of scour, such as the long-term persistence and the fractal behaviour,
by using high-quality hourly streamflow timeseries with over 20 years of length, and
calculating the scour effect through the BRISENT model; please see some (mostly minor)
suggestions that I hope they can be helpful to the Authors to further highlight their
innovative work.

Thank you for your comments and suggestions.

In the Title of the manuscript (i.e., "': Variability and persistence of scour at bridges using
stochastic simulations"), I would recommend keeping the "'persistence'’ since if a process
is considered persistent, then it will also show high variability.

Thank you for raising this issue in the manuscript’s title. Indeed, we fully agree with what
the reviewer stated. With the intention to avoid rewording, we will update the manuscript
title from “Variability and persistence of scour at bridges using stochastic simulations” to
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“Persistence of scour at bridges using stochastic simulations”.

I would recommend replacing the ""non-stochastic properties of the scouring process' to
"deterministic properties of the scouring process'"".

We entirely agree. We will replace the section title as suggested in the revised manuscript,
i.e. from “3.2 Non-stochastic properties of the scouring process” to “3.2 Deterministic
properties of the scouring process”.

I would recommend that "Observations" shown in Table 3 cannot be '"Assumed
stationary" and '"Nonstationary' but rather the model used to simulate them can be
either stationary or non-stationary (see for example, the work by Koutsoyiannis and
Montanari, 2015; do0i:10.1080/02626667.2014.959959, which describes exactly this issue
and its consequences in stochastic simulation).

We apologise for this confusion. In Table 3, “Observations” was related to a comment in the
table and not to the data analysed. We fully agree with the Reviewer’s comment that
“stationarity” or “nonstationarity” are characteristics of the model rather than the data. With
the intention to avoid confusion and misinterpretation, the revised manuscript will change
the wording from “Observations” to “Comments”.

RC 5: Please note that the case H=0.0 shown in Table 3, can be very difficult to mathematically

AR 5:

RC 6:

AR 6:

simulate it; I would recommend to replace it to the H>0 case.
Thank you for the suggestion. We will replace “=" by “~” (i.e., similar).

Please consider further explaining in more detail the 3 key parameters in the BRISENT
model (i.e., 4, W, and S) since some Readers may not be familiar with these terms.

In Section 2.3 (Computation of time-dependent local scour and fill at a bridge pier), the
following additional information on the BRISENT model parameters was added:

... The three parameters defining the BRISENT response have distinct physical and
statistical roles. The dimensionless effective flow work, W™, represents the cumulative
hydraulic forcing the flow applies on the sediment bed around the pier. It incorporates both
the magnitude and duration of the flow. Its limiting value, W, x, represents the cumulative
effective flow work associated with the maximum relative scour depth Zp,.x, ideally
corresponding to equilibrium scour. It normalises the process between its initial and final
states. The dimensionless parameter A originates as a Lagrange multiplier in the maximum-
entropy derivation and controls the exponential form of the relative-scour probability
distribution and, consequently, the curvature of the scour-work relationship. Finally, S is
the dimensionless entropic-scour parameter linking A to the maximum relative scour depth.
It controls the degree of non-linearity in the response, with larger values indicating more
rapid initial scour development followed by progressively slower development to its
maximum value...
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In the sentence "It is worth mentioning that rough dynamics (i.e., M < 0.5) instead of a
smooth one (i.e., M > 0.5) is usual in many hydrological processes at the analysed hourly
scale such as the cases of near-surface temperature, relative humidity, dew point, sea
level pressure, wind speed, and precipitation (see, e.g., Dimitriadis et al., 2021b..."), I
would recommend replacing the Dimitriadis et al., 2021b (which coincides with
Dimitriadis et al.,, 2021a) to the more relevant study by Pizarro et al. (2022;
d0i:10.3390/hydrology9070126), where they also estimate important stochastic
properties such as the fractal and Hurst parameters.

Thank you for this suggestion. Pizarro et al. (2022) analysed the marginal and dependence
structure of streamflow, considering fine-scale records to multi-centennial paleoclimatic
reconstructions (i.e., from minutes to centuries). We will add the reference in the main text
as suggested.

Reference:

Pizarro, A., Dimitriadis, P., Iliopoulou, T., Manfreda, S., & Koutsoyiannis, D. (2022).
Stochastic analysis of the marginal and dependence structure of streamflows: from fine-scale
records to multi-centennial paleoclimatic reconstructions. Hydrology, 9(7), 126.

Please consider discussing the work by Vavoulogiannis et al. (2021;
d0i:10.3390/hydrology8020063), where the AMA model is applied and the asymmetry
of streamflow is estimated as prominent at time scales up to four days.

The suggested work by Vavoulogiannis et al. (2021) is indeed very relevant for the presented
work. We will mention it in terms of the relevance of considering asymmetry in streamflow
at time scales up to four days. We will clarify this by adding the following sentence in line
133 (preprint):

... Interesting the fact that 8(w) = 0 implies time symmetry and AMA converges to the
symmetric moving average (SMA) scheme. However, 0 < 8(w) < 1/4 preserves time
asymmetry. As a consequence, 6(w) must be chosen to preserve the skewness ratio. It is
worth mentioning that time asymmetry is an important feature of streamflow at time scales
up to four days (see Vavoulogiannis et al. 2021, and Koutsoyiannis 2019) and
consequently, it should be preserved when working at the hourly scale...

References:
Vavoulogiannis, S., Iliopoulou, T., Dimitriadis, P., & Koutsoyiannis, D. (2021). Multiscale
temporal irreversibility of streamflow and its stochastic modelling. Hydrology, 8(2), 63.

Koutsoyiannis, D. (2019). Time’s arrow in stochastic characterization and simulation of
atmospheric and hydrological processes. Hydrological Sciences Journal, 64(9), 1013-1037.
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Interactive Discussion: Author Response to Reviewer 02

Variability and persistence of scour at bridges
using stochastic simulations

Alonso Pizarro, Oscar Link, and Demetris Koutsoyiannis
NHESS Discussions, doi: 10.5194/egusphere-2025-6530

RC: Reviewer Comment, AR: Author Response, 0 Manuscript text

Dear Reviewer 02 (Anonymous Referee),

Thank you for taking the time and effort to review this manuscript. Surely, incorporating your
suggestions will improve the manuscript's readability and overall quality. Please find our responses
to your comments below. Below, we list reviewer’s comments verbatim in bold, followed by
responses to these comments in blue.

Thank you again for your helpful feedback!
Yours faithfully,

Alonso Pizarro (on behalf of all co-authors)

1 have contacted the editor and NHESS twice because I feel unable to review a large part
of this manuscript. However, I have received no reply. The hydrodynamic concepts and
the stochastic tools that the authors refer to, are out of my domain. I am not able to judge
the scientific correctness of their approach and would therefore advise to find another
reviewer. In lack of any response, I will now submit a partial review and will point out
Jor which points an additional reviewer should be consulted. I regret the delay that this
situation has caused the authors and apologize for any inconvenience my lack of
knowledge in the field is causing the authors. The authors present a framework for the
investigation of scour dynamics. The data basis is increased by creating a large set of
synthetic stream flow time series which are used to force a scour and fill model. The
manuscript has a good structure and is well written. However, the manuscript is highly
technical. Advanced statistical methods and hydrodynamic scour modelling are
constantly referred to and fill many consecutive pages in the methods section. Any reader
who is just slightly in a different research field, will have a very hard time to understand
the methods or find the manuscript simply unreadable. This aspect also reflects in the
fact that the authors, apart from the introduction, mainly cite their previous work, which
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complicatest the independent validation of the underlying methods, as any unnoticed
flaws in earlier work may be amplified through continued reliance on the same line of
research. The study is very specialized. This should be in itself no problem but it is
unfortunate for the authors. It would help the manuscript, if the authors were able to add
short explanations why certain methods are used. E.g. climacographs, climacospectrums,
generalised Cauchy-Dagum-type climacogram, Hurst and Mandelbrot parameters, FHK-
CD model should be explained, as I doubt that every reader is aware of these concepts
and is willing to dig in the references. I am certainly not. To this end, I wonder if this
manuscript fits into the rather broad scope of NHESS.

We thank the reviewer for the careful partial assessment and for explicitly indicating the
limits of their expertise regarding some of the components of the manuscript. Given that the
reviewer explicitly stated they could not assess the scientific correctness of parts of the
manuscript, we have focused our revision on the aspects the reviewer could assess:
readability, accessibility, contextualization, and scope.

Section 2.1: Please add some information on the annual rainfall.

Information related to the mean annual precipitation is stated in the preprint’s line 70:
“...The catchment area is 1380 km?’, the mean annual precipitation is 2853 mm, and the
aridity index is 0.3...".

1.69: What do you mean with “near-natural” flow conditions?

Thank you for pointing out this concept. Near-natural flow conditions are related to a near-
natural hydrological regime (i.e., hydrology as it is). Eight different criteria were
considered. Information from b) to h) was retrieved using the CAMELS-CL database
(Alvarez-Garreton et al., 2018):

a) Less than 25 % of missing values in the discharge time series for the selected
period;

b) Absence of large dams (big_dam = 0);

c) Less than 10 % of discharge allocated to consumptive uses (interv_degree < 0.1);

d) Not dominated by glaciers (Ic_glacier <5 %);

e) Less than 5 % of the area defined as urban (imp_frac <5 %);

f) Less than 20 % of irrigation abstractions (crop_frac <20 %);

g) Less than 20 % of the area is covered by forest plantations (fp_frac <20 %);

h) No signs of artificial regulation in the hydrograph.

References:

Alvarez-Garreton, C., Mendoza, P.A., Boisier, J.P., Addor, N., Galleguillos, M., Zambrano-Bigiarini,
M., Lara, A., Puelma, C., Cortes, G., Garreaud, R., 2018. The CAMELS-CL dataset: catchment
attributes and meteorology for large sample studies-Chile dataset. Hydrol. Earth Syst. Sci. 22 (11),
5817-5846.
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Stationarity: river flow from 2001-2024, can you assume stationarity here? Did you
test it?

Thank you for raising this observation. It is worth noting that stationarity is a property of
the model, not of the observations. In this context, assuming stationarity (which also
assumes ergodicity, crucial for statistical inference) implies model selection. Despite the
latter, we explicitly tested stationarity using usual statistical tests. We therefore evaluated
the annual streamflow series corresponding specifically to the period used in the stochastic
analysis. Annual values were calculated for 21 complete hydrological years, defined from 1
April to 31 March. The results consistently support the stationarity assumption over the
analysed period. The Mann—Kendall test did not identify a statistically significant
monotonic trend (S =—44, Mann-Kendall's [ =-0.210, [z=-1.299, | =0.194).
Consistently, the confidence interval of Sen’s slope included zero, indicating that the
apparent negative slope cannot be distinguished statistically from the interannual variability
of the record. The Pettitt test did not identify a significant change point in the annual series
(U* =56, p = 0.288), providing no evidence of an abrupt shift in its central tendency. More
importantly, the KPSS test did not reject stationarity around a constant level (KPSS statistic
= 0.291, p > 0.10). Stationarity around a deterministic trend was likewise not rejected
(KPSS statistic = 0.096, p > 0.10). Taken together, these tests provide no statistical
evidence of a trend, abrupt regime shift, or departure from level stationarity during the
period used in the study. We therefore consider the stationarity assumption appropriate for
the temporal window over which the stochastic model was calibrated and evaluated.

Can you elaborate to which extent your method of synthetically creating stream flow
time series is able to generate previously unseen extreme events? How many extreme
cases beyond the real observations were generated with your method?

The AMA generator used in this work is not a bootstrap or a resampling procedure of the
observed hydrographs. Therefore, it is not restricted to reproducing only observed events or
observed sequences. Instead, the synthetic streamflow series are new stochastic realisations
generated from a model that preserves the fitted second-order dependence structure,
including Hurst-Kolmogorov dynamics, time asymmetry, and the first four moments of the
marginal distribution. Consequently, the method can generate streamflow peaks larger than
those observed in the historical record, provided that such values are compatible with the
fitted stochastic structure and marginal distribution. In this sense, the method explores a
wider range of hydrologically plausible sequences than the observed record, but it does not
introduce new hydrological regimes or deterministic trends outside the fitted process.
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1. 346: “Scour—streamflow synchronisation is weak” This seems a bit strange. Can you
elaborate on this?

The Critical Success Index (CSI, see section 2.4) was computed in Eq. 30. CSI depends on
the number of hits (H), misses (M) and false alarm (F) events. A value of 0.20 means that
only 20% of all identified events occurred simultaneously for both river streamflow and
scour. Our findings indicate that CSI values for streamflow and scour extreme events
ranged from 0.15 to 0.60 (median CSI around 0.32), suggesting that not all hydrological
extremes translate directly into scour extremes.

The Methods and Result section should be reviewed by another reviewer. I am not
able to review these sections.
We trust the editor’s informed judgement and decision.

Fig 1: a) Shape outlines make the bottom part of Chile appear black. b) There are
some weird stream segments which are unconnected or even seem to cross the
catchment border. Legend missing.
The figure in question was improved:

a) A 1200 b)
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Figure 1: Analysed catchment (Fig. 1a) and streamflow data visualisation (Fig. 1b) of
two hydrological years (2008 and 2009). Notice that the hydrological year starts on the
1st of April.”
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RC 9: Table 1: Here, you provide streamflow in mm/d. Change to m?®/s so it is comparable to
Fig. 1.
AR 9: Done. The updated table reads now:
Table 1: Hydrological signatures characterising the magnitude, frequency, duration,
timing, and rate of change of streamflow.
H.ydrologlcal Description Value Dlm.ensmna
Signature 1 units
Qmean Mean streamflow value 107.238 m?/s
Qs 5-th streamflow percentile | 28.510 m?/s
Magnitude
Qos 95-th streamflow percentile | 272.135 m?/s
BFI Baseflow index 0.732 -
HighQFreq High Q frequency 0.002 -
Frequency
LowQFreq Low Q frequency 0.017 -
HighQDur High Q duration 1.583 d
Duration
LowQDur Low Q duration 12.143 d
HFD Half flow date 147 date
Timing
HFI Half flow interval 122 d
AC1 Lag-1 autocorrelation 0.934 -
Rate of :
change Slope FDC Slope of the flow duration 338 )
curve
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RC 10: You are using a different color theme for almost every plot. I suggest that you stick to
a more homogenous set of colors in your plots.

AR 10: We tried to use the same colours for the same variables (where possible), prioritising
legibility. For instance, Figures 7, 8, and 9 show stochastic results. The red colour was
always related to & = 1.0, while the blue and black colours were related to £ = 1.5 and & =
2.0, respectively. In other figures, when the similar colours are used, it is explicitly stated
its meaning in the figure caption or figure legend.
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