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Answer to reviews

The authors would like to thank very much the amooys reviewers for careful reading and
criticism. We found the remarks and questions thoygovoking and inspiring. We believe
that the alterations to the manuscript induced iy Reviewers’ remarks will positively
influence the quality of the paper and satisfy Referees. Below we present the detailed
answers to the remarks of both Reviewers. We dtached a separate file with the corrected
manuscript where the alterations induced by thet fiReviewer are marked by blue
background of the text whereas the Reviewer’s #&day yellow.

Reviewer #1

Questions: The authors of this paper adapted andhg@ase the well known approach
developed by Davison and Smith (1990) for stasiktmodeling the extremes of a non-
stationary process of exceedances over thresholdthd usage of the generalized Pareto
distribution (GPD). Due to this approach the ratedamagnitude of exceedances over
threshold can be modeled as binary and GPD regoessnodels as functions of the
covariates. Standard software procedures for fiftithe components of these models are
widely and freely available, e.g. Yee and Stepher{2007) and Gilleland et al. (2013).
However, all these papers, for some reason, areptetely ignored by these authors.

Answers:

Thank you very much for this remark. We also reéogrihe Davison and Smith’s article
(1990) very interesting and inspiring. Paraphragheg opinion about a popular book in the
field of probability theory, we can state that mapgpers in hydrology are written by
mathematicians and have the build in bias thatréaeler is assumed to be mathematician
coming to the material for its beauty. Our papegeared towards hydrologists-practitioners
whose primary focus is neither mathematics norssieg for their own sake (i.e. hydrologic
realism is present).

It is declared goal of the paper to enforce theirergging design procedures by
providing a detail background of new, in this domaipproach to flood risk assessment. This
approach involves taking into account not only thagnitude of peak flow, as in classical
FFA, but also the duration of high waters, the dadeading to embankments failure.
Therefore, the focus of the papemist about Peak Over Threshold (POT) (PDS) approach
aimed on better description of the upper tail ¢ #mnual maxima distribution but about
combine modelling and flood risk assessment of :no#gnitude and duration of high waters,
so the shape of flood waves. You write that inwark we adapted and paraphrased the well
known POT approach developed by Davison and Sri#8Q) for statistical modelling the
extremes of a non-stationary process. Althougs itat the case, what we mention on page 2,
lines 14-18, your words provoked us to considerpbgsibility to use all independent floods
above theQa threshold in our analysis.

First of all, there is no gain in accuracy of uppgeantile estimates when applying POT
to low annual arrival rate [e.g. 8]. Thereforemidy be worth a candle to apply POT only in
limited area of the upland part of Poland when annand summer floods are almost
equivalent. The hydrological regime of other Polisiers shows strong domination of winter
(northern Poland) and summer (southern Polandpfiaehich may result in just a slight (if



any) increase of informative value of the POT witlgard to annual maxima series. To this
effect we adopted the seasonal approach [28 an#ob]example, in our Case Study — the
Szczucin gauge (southeRoland) at the Vistula River, received the Poissta equal to 0.482
for floods exceeding the threshadlgh. In the course of just 4 of the 56 years of recdtind
second flood occurred in excess@f but it lasted no longer than one day and theredote
not affect the increased risk of flooding.

If we understand the essence of Davis@t'al (1990) proposal concerning the POT
model parameters estimation (for both stationary ron-stationary case) by ML method, the
Poisson parameter is estimated from AM series@a$&HV parameter while having two other
parameters of GEV estimated from the series obxdeedances over threshold,. i.e. as the
parameters of the Generalized Pareto distributld@nce, it makes the estimates of the
Poisson and Generalized Pareto (GP) parametersndiemte on each other. This is a
significant modification and departure from thegaral design of the POT models. The fact
in itself of getting here a higher value Likelihofwhction for GEVdoes not give preference to
this modification. We estimated the Poisson proaesival ratefrom the time-series of annual
numbers of the threshold exceedances both forostaly [7-9, 29] and non-stationary
assumption [19]. In the case study considered byhesdiscrete-continuous probability
distribution function, while using ML method, thadependence of the estimates of the
occurrence probability, i.e. the weighting factér—<£)), and the parameters of the pdf of
annual maximum duration (fat > 0) f°(d; g) [Eqg.(5)] comes from the assumed structure of
f(d) [Eq.(5)]. However, this may not always be so, ifstance if the impulse response of the
linear kinematic diffusion [24] is taken as theatéete-continuous probability function. Then
the same parameters are both in the continuoudiaaikte part of the distribution

Indeed, frequently cited Davison and Smith's pudilan (1990) is of highest
recognition and, in our opinion, particularly Seati3.1 of Chapter 3 — Maximum Likelihood
Regression with the Appendix A, where, perhapsther first time in hydrology, maximum
likelihood (ML) estimation of distribution paramese with covariates was presented.
Noteworthy, it was only one year before our firsbfication [10], where ML estimation in
the presence of time as a covariate was presesatextension of the conventional FFA. Other
ideas presented by Davison and Smith (1990) areeéwtto us, too. The first author’'s PhD
thesis defended in 1966 [6-9] revolved around simigsues, though not named ‘Peak Over
Threshold’ (POT) modelThe Poisson-Exponential model with time-dependemameters
was comprehensively described in 2001 [18, Sulmesty. 1-5]. It is worth comparing our
approach [20] with Davison and Smith’'s (1990). #emis that time-variable Poisson
parameter, i.e. the time-dependent arrival rateulshbe estimated from the time-series of
annual numbers of the threshold exceedances aasitdene in [20]. We used ML method
while modelling the time-dependent Poisson parambje exponential function of time:
A =exp@ + bt).

However, for obvious reasons, i.e. short hydrolaggeries, bigger error in large flow
assessment, unknown form of trends, etc., one gdhmeilcautious about trends in FFA and
also in the DgF if low threshold is assumed. In tbe@ewed paper the trend is considered
only in thep parameter. It is estimated by ML method both (d)tlee base of annual flood
peaks distribution with time dependent mean anddstal deviation and (2) by direct binary
regression of weighting paramejgradvising to compare the results of both methadara
overall test of the assumptions made. We suggssttalverify the trend significance by the
AIC. Itis not included in the approach recommenbggou.

We would like to draw your attention to the onetloé two approaches we used for
estimation of the binomially distributed paramej@rfor stationary (equation 7) and the
logistic regression for non-stationary case (equa#i3). TheS parameter [real3 < (0, 1)]
although resembles the POT’s Poisson parameteciwhireal, too, but larger than 0), e.g.



Davison and Smith (1990), it is not the one! If dreival of floods over the thresholg (or
equivalently floods with duratiod > 0 over the threshol®,) is modelledby the Poisson
process (with mean annual arrival rafethen probability of non-excedeence @k (or
equivalently ofd = 0) over the one-year period equals exp(H corresponds with no arrival
probability [Eq.(5)] of the binomial distributiorand for large Poisson raiethe estimates
from exp(-4) will be more accurate.

Were we forced to look for similarities of our moad# time-independent discrete-
continuous distribution with zero discrete valu@®,[27, 30] to other approaches used in
hydrology, we would rather compare its form of tileelihood function with one of the
censored sample of annual peak flows which wasodoired in Polish hydrology by
Kaczmarek [1] and then published in English bookif21977. This becomes particularly
obvious when a discrete-continuous probability fiowcwill be the impulse response of the
linear kinematic diffusion [23].

Concluding the above, we agree with you entirely:réspect to non-stationarity
modelling we used and developed the old conceptthley happen to be our own ideas, too.
We do believe that there is nothing wrong in using in-depth verified soft packages for the
present study. We are aware that, due to ‘the @artain’ Polish works were not popular
among Western scientists. On the other hand, we bugt a few of our numerous papers on
non-stationary flood frequency analysis (NFFA) AD-27] must be known to the Reviewer.
We would like to add that due to the limited capaoif the paper it was not our intention to
present a list of our previous papers in the refege of the reviewed article, nevertheless,
now we feel obliged to put most important worksatetl to the subject. Like the Reviewer,
we are astonished that our achievements were nogmésed by the Western World despite
the ‘Global Village Effect’ we observe now in scoen

Having said that, we would point your attentiorthe fact that in our article the stress
was laid orstationary DgF, which has been then extended to non-statjareses. Note, that
the non-stationary approach to binomially distrdzitime-series is original. We detached the
non-stationarity of3 parameter (i.e. the probability of not exceedimg annual peak flow of
the alarm thresholdQ,) from time-variability of the shape of the waves@tigible in our
case). Then we proposed two ways of estimationhef parameter (based on binomial
distribution and by means of routinely Flood Fremme Analysis — FFA). Moreover, we
brought in the Generalised Exponential (GE) distidn to model the flood duratioD > 0
which so far, to our best knowledge, was not usellydrology at least in such a role. The
GE’s most interesting feature is its flexible shapdt can be unimodal distribution or
exponential-like depending on the data it is fittedLet us note that the GPD mentioned by
the Reviewer and frequently applied in POT methimiss not have such properties.

As far as the software is concerned, we are alplaware that the equations we
present can be solved by myriads of methods artd/a@ available in the market, including
the ones we presented. Since 1995 we have beeessfdty developing in Fortran our own
software which was many times checked and doul#eksd in terms of its robustness, errors
and the rate of successful solutions in Monte Cantoulation experiments. We have been
extensively using this software for calculationsoto almost all papers and they have never
been questioned. The basic stationary versionigftift-package was used e.g. in [24 and 3],
non-stationary version in [27 and 19], stationamg aon-stationary seasonal approach in [27,
28 and 5] and censored distribution in [4, 25, 2B&sing on concepts developed by
Strupczewski and Mitosek (1991) [10] (later comgteand published, e.g. in [11-21]), we
developed the procedures of maximum likelihoodnestion of the non-stationary mean and
dispersion (i.e. with time as the covariate of thean and standard deviation, believing that
the two first moments of AM distributions are fejtof various ‘hydrological’ distribution
functions commonly used in FFA and they were usethé reviewed paper. This is exactly



the same approach as is used in GAMLSS soft-packaBewhich in fact was presented by
us at International Symposiufeciphering River Flood Changdgoral presentation:R-
package GAMLSS for trend detection and estimationparameters of extreme value
distributions by E. Bogdanowicz in Vienna, September 201Rgvertheless, the soft-
packages and the numerical methods implementeof dwether importance to us because we
treat them as tools only and we rather concentratéhe hydrology. We agree, that we can
use R as well and the methods described in YeeStewhenson (2007) and Gillelaret,al
(2013), but in Poland none software is particuladgommended in hydrology and R would
probably give similar results with much more cos, time spend on software training, data
pre- and post-processing, results comparison(aic.software obeys also the consistency of
maximum likelihood values with the respect of thenber of parameters while covariates
including — the more parameters the greater valumaximum likelihood function within the
same type of the distribution. The rate of suce#ssblutions got from Monte Carlo
simulation experiments helped to improve the rdiigbof our algorithms. We are quite
happy and confident with the present version of eaft-packagesTo this effect we
recommend it in page 10 on lines 26-27 and arergagdhare it with other scientists.

Judging by the year of publication, Gillelared al (2013) probably preparing their
paper simultaneously to ours. In fact we have beaiting for the critical comparison of
existing techniques and algorithms, which unfortalyawas out of scope of Gillelandét al
(2013) paper. As additional criteria for comparise& would recommend the ML values of
compared algorithms and user friendliness of thep=ding procedures

Q: The focus of the paper is about time series Batahe likelihood factorizations (equations
(5) and (19)) are presented under the assumptiaeraporal independence. Obviously, this
should be clarified.

A: Indeed, the issue mentioned by the Reviewer rdesea word of clarification. As the
Reviewer probably noticed we concentrate on a siaghual longest flood that occur above
the alarm threshold. It does not have to be theesmod that gives the annual flood peak.
The DqgF approach is the extension of the conveati&fA performed on a single annual
peak flow series. The annual peak flows are uswmdumed to be temporary independent
what has been verified by several investigatorssanid assumed here for the annual maximal
durations. Besides, due to the poor measurememtrigale are not supposed to question the
independence of the particular events — in otheds/e the systematic hydrological records
are too short to ‘play’ with autocorrelation of taenual maximum duration. The clarification
of this important issue were added to the textef@aiines 15-20.

Q: | found the presentation outdated. It is doneairsuch way as in the 80's if little had
happened in statistical modeling in hydrology atatistical software technologies. | would
like to share that during the last 20 years the &ahzed Linear Models (GLMs)
methodology have been well developed and widelirespim hydrology due to availability of
software procedures in computer packages such aS-pus, Matlab, SAS or Stata, e.g.,
Clarke (1994) and Aitkin et al. (2009). On the othand the books of Coles (2001), Beirlant
et al. (2004) and Reiss and Thomas (2007) givellert®verview for extreme value models
with time-varying parameters as well as softwaregedures that handle the computations.
Thus the authors should concentrate on the usage iaterpretation of the software
procedures that can handle the computations instégutesenting estimation equations such
as (10), (20) or (21). The idea is to use standsoflware in order to unify the computations
and make comparisons.



A: We answered partly to these remarks above. Vikseethat the list of literature is
incomplete and omits important items. Thank yowwauch for the identification of these
significant shortcomings. We have tried to imprdke text and reference list in accordance
with your remarks.
However, we would like to make some observatiotiserathan comments on the topic
of the completeness of the list of references, Wwhécessential part of your review. It is a
cliché to say that in a scientific paper no one gs@ and quote all the previous publications
of the domain in question. Nowadays, neither Bellilunor Poisson’s original works are
cited; similarly, the articles published later thiére text was submitted to the editor (e.g.
Gilleland. and al., 2013!). At a time when semiwakks in the field of estimation procedures,
POT analysis, truncated or censored data and mabiotsirity were formed, there existed two
barriers blocking the exchange of scientific infatran and publications. The first one, so
called the ‘Iron Curtain’, limited the free accexfsPolish scientists working on FFA to the
research and achievements of the Western Worldbbu#ked the possibility of presentation
of important works of the Polish School of Hydrojogrhe second one was the language
barrier. Researchers deprived of the opportunitpublishing in English-language journals
disseminated their works in Poland and in Poligtis Hoes not mean, in any case, that Polish
contribution to the development of hydrology sceinegligible. It is obvious that papers in
Polish, even the best, are of zero probabilityegmbted by the non-Polish-speaking scientific
community. Still it is baffling that even after begi published in English, they were often
omitted by the English-language authors! Concludyaur remark about incompleteness of
the references list in our article seems to be alwdnd concerns also Western researchers. It
seems to be clear that more gladly we quote papkersur own scientific and cultural
community than faraway (in many meanings) reseasstires. Perhaps this could be called
‘the long-term effects of the Iron Curtain’.
Now the Iron Curtain is a history, so we can assheeReviewer that we are aware of
new trends and ‘fashions’ in hydrological scienbassome of them we accept as subjects of
our research and some do not. We actively takeipanternational conferences (sometimes
as invited speakers) and our papers are still plubtl despite beingoutdated If the
Reviewer is interested he/she can easily compagelith of our latest works with other
authors.
As we mentioned above, the methods of solutionusfhydrological problems do not
lie within our scope of interest. The problem ddtistical software you mentioned needs a
word of general comment. We know the computer pge&agossibilities and we use them
occasionally (comparability with our former resu#isd the necessity of adjusting our data
formats are not much encouraging). However, sonmemences we have made with R-
package GAMLSS for trend detection and estimationparameters of extreme value
distributions lead us to conclude that:
= There is a danger concerning the ‘ready and easigdbsoftware stemming from the fact
that investigators are equipped with a very powetdol about which they have only
limited understanding. How to cope with the gapuaetn the understanding of theoretical
developments and the need to apply these methoB&Ao(or NFFA)? In our opinion
detailed description of the methods in researchsarehtific papers can bridge this gap.

= It will be extremely important and useful to compatifferent software packages by
performing calculation on the same set of synthedita and choose the standards. So, we
fully agree with your idea about application ofretard software to unify computations
and make comparisons but this is a scientific (fmita hydrological) subject itself.



Reviewer #2
Question: Pag. 2992, the meaning of the symbdhalllsl be specified;

Answer: We added the explanation (page 3, line )k 0 (indext marks thd-th year in a
series in which the particular evesht= 0 occurredt = 1, 2,...,T andT is the length of the
series in years)’.

Q: Pag. 2989 line 22, other "methodologically inative" flood frequency analysis models
that we believe should be mentioned are: Eagle38iiq); Sivapalan et al. (1990); Gioia et
al., 2008; lacobellis et al., 2011.

A: Indeed, we did not considered these remarkalolksvin our paper. The mistake has been
corrected now (page 1, line 49 and, of courseharéference list).

Q: Pag. 2993, lines 25-28, the sentence here reposhould be explained one times in the
paper; the same concept is also reported at pa@ 28es 11-13 and at page 2998 lines 1-3;

A: We rephrased the fragment of the text (pagen®, 51 to page 4, line 5): ‘Therefore, the
d: = 0 in the {l] time-series means that the threshold dischagge has not been exceeded
during thet-th year of the seriesQfadt) <Qa) or that the peak flow has exceeded the
overtopping flow Qmadt) >Qs) where Qmna{t) denotes the annual maximum discharge
occurred in the-th year of the sample series. In other words,ethemo risk of the dike’s
damaging due to the prolonged exposure to the \wagkr because the flood wave was either
too small to reach the weaken construction of é#veé or, the contrary, the flood is such big
and sudden that the water immediately overtopsetiee’s crest.’

Q: Pag. 2994, line 7, regarding the probabilisticodel for flow duration curves, a huge
literature is omitted we suggest "at least” mentngnCastellarin et al., 2004; lacobellis
2008; Botter et al. 2008;

A: We have read and considered the papers reconaddiydthe Reviewer (page 4, line 10).
Q: Pag. 2996 lines 1-7 the sentence should beretfdained,;

A: We rephrased the whole paragraph (page 5, 8AE3): ‘When the available data represent
mean daily discharge, tltbvalues are in fact the integer numbers (the expaostan last 1, 2,

3, etc. days) but to maintain the continuity ofdime treat them as real numbers and consider
d as if it corresponded to the duration range 0.5 dayd + 0.5 day). In particular, fat =0
(beginning of the time axis) the interval corresp®mo the range (@ + 0.5 day). If a flood
starts before the end of a year and is continwrfe next year, the value is derived for the
entire flood wave (from its beginning in one yeaiits end in the next year) but attributed to
the yeart when the flood culmination occurred. To get anightinto flood persistence
properties, the several threshold stag@3 ére considered but not only the alarm si@ge

Q: Pag 3001 line 23, the reason of the use of tagifinction for the evaluation of
parameter by regression analysis should be expthine

A: We added the fragment to the text (page 7 lineéodpage 8 line 16) which, we hope, will
better clarifies the reason why we used the lagdistribution:



The variableY; represents binary outcomes and has a binomiaildison with parameter:
B(t:0)=P(Y, =1)= A D=0) (22)
However, the trend ¥ can not be found by means of frequently assunmeghitiregression.
The reasons of being that
= in general linear trend may take the values of gbdly At, 0) outside the range from 0
to 1,
= the error term is not homoscedastic, nor it is radlyrdistributed as in normal regression.
In order to avoid values outside the range frono L ta monotonic transformation of the
interval (0,1) is performed to the rangeo(—+~). There are many transformations with this
property, but the most popular are two: probit éogit transformations. Both give similar
results but logit transform is more convenientdalculations. Probit transformation consists
in converting the probability to corresponding qtilas of the standard normal distribution.
Logit transformation is given by:

logit = In[g/(f — 1)] (22a)
And the trend is modelled as:
logit =a + bt (22b)

Inverse transformation leads to the logistic fumttj3 of time t with parameter vector
0=1[a b].
1

ﬂ t;a,b =T

( ) 1+e(abt) (23)
Logistic regression is used in many disciplines,ditiae, social science, econometrics,
in engineering, especially for predicting the piabty of failure of a system or product.

Q: Pag. Equation 27, per analogy to equation (9udd be...

A: Indeed, we made a mistake, thank you very muchpbinting it. The equation (27) was
fixed according to the Reviewer’s remark:

B(t)=P[D(1)=0]=P[Qu()< Q]+{ A Qu(}> Q=4 Q }+[1- ¢ @ I

Q: The application to a case study at Vistula RiveSouthern Poland, is described like an
exercise; in my opinion this section should reoiigad, simplified and better explained.

A: In fact it was our intention to show on relaliveeasy example how the developed
procedure works in practice, therefore the ‘casmlstsection’ may resemble an exercise,
indeed. But following the Reviewer's recommendatiowe added some explanations and
rephrased slightly the text of the section 5. Ideprnot to mislead the Readers, we changed
the title, too: ‘Example — Szczucin at Vistula Rifsouthern Poland)’. Apart from these, for
better understanding we added the following fragneage 9, lines 20-38).

‘To illustrate how the proposed approach works iacfice the Szczucin gauge (southern
Poland) at the Vistula River has been selectedhasxample. Recent flooding in the upper
Vistula bared the weakness of the system of floooteggtion, especially unsatisfactory
condition of the embankments in the region of SeozuOne, but not only, major reason for
the current state of flood protection infrastruetis a complex history of these lands. When
Western European countries formed an effectivedflpootection schemes Polish south-
eastern lands were periphery of three empires, oivovhich were among the most
undeveloped countries of the continent. After rema independence, social and economic
problems associated with merging the various distrof the reborn Poland influenced the
poor development of an efficient protection systéur. these reasons, embankments built by



the World War Il do not meet current requiremenksoly were lately even put to higher level.
The Polish People's Republic period did not brimy @anportant changes. Although, the
embankments have been periodically increased aadgshened, the high cost of post-war
reconstruction and industrialization carried outlemconditions of socialist economy, did not
allow to catch up with Western standards. Latdig material excavated on the flood land,
very often at the immediate vicinity of the embats, was used for the re-construction. As
a consequence, the top layer of inactivated meadew damaged, what facilitated the
filtration of water from the horizontal residual&x under the layer of permeable sealer coat.
There are present plans to modernise the dikediestdvorks have been carried out. The
investor claims that the modernisation will redtioe flooding risk by 80%. To assess the risk
before and after modernisation (provided that tte#ement of the investor is right) the
following analysis was performed.’

We also completed the section with additional diagof the durations (in days) above the
alarm levelQa = 1690 ni/s recorded on Szczucin gauging station:
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Fig. 5. The durations (in days) of the dischargevalQ, = 1690 n¥/s for Szczucin gauging
station (1951-2006). The annual maximal duratioesrablack.

Q: Technical Comments...
A: All the mistakes spotted by the Reviewer wergected.
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