Authors Response to: Interactive comment on “Circuhtion pattern based
parameterization of a multiplicative random cascaddor disaggregation of daily rainfall
under nonstationary climatic conditions” by F. Sernhaldi (Referee #1)

By: Lisniak, D., Franke, J. and Bernhofer, C.

We would like to thank Referee #1 for his time ®view our manuscript and for his

substantial and constructive comments. The refeepcovided in the comments of Referee
#1 are very useful in the scope of our work and lngl taken into our further considerations.
The remarks on improvements concerning the presemtaf the data are much appreciated

and will be implemented.

Our answers to the specific comments are structasddllows: We first repeat the part of the
Referee’s comment (in bold), which we will thenlye. Following this we will address the
minor remarks made by Referee #1. Please note,tltbatliagrams shown in this authors

comment are preliminary versions, which will be ogked for the revised manuscript.

Specific comments

Nevertheless, Lombardo et al. (2012) proved that éhdiscrete branching algorithms are
characterized by intrinsic nonstationarity. This agpect probably affects the simulated
rainfall sequences in a way which could be not sovident in the rainfall summary
statistics; however, the problem must be mentionednd/or taken into account by using
for instance the algorithms suggested by Lombardoteal. (2012). It is worth noting that
the spectral-based algorithms devised for the univeal multifractal models are not

affected by the above mentioned problem.

We appreciate the Referees suggestion to accounth® non-stationarity of discrete
branching algorithms and the provided referenateéonvork of Lombardo et al. (2012). Since
for our work the cascade model was required toiberete, we implicitly accepted its non-
stationary characteristics. While we do not intémdnclude the Hurst-Kolmogorov cascade

model in the scope of this work, we will add a dssion of the intrinsic nonstationarity of the



MRCs to the revised manuscript using the autocaticel as derived by Lombardo et al.
(2012).

[...] it is difficult to draw definite conclusions based on the ACFs without reporting the

corresponding confidence intervals.

We will follow the remarks of the Referee and coempént the ACF plots in Fig. 9 with their

confidence intervals in the revised manuscript.

[...] it should be mentioned that the proposed modelsmplicitly assume that the
relationships between covariates (e.g., CPs) and naaneters estimated in the calibration

period are deemed to be valid also in the validatroperiod.

As the Referee correctly points out, the disaggregamodel with CPs is based on the
assumption that the relationship between modelnpaters and large scale forcing remains
valid in both periods, as well as in the futureislttrue, that this might be a contradictory
assumption when developing a method to accountlforate projections, especially when
considering the possible emergence of new weatiteations (Trans Weather Patterns;
Kreienkamp et al., 2010), which could occur in theire and cannot be statistically inferred
from the current climate. However, we believe thath assumptions have to be made for
climate impact studies, given the available datdhat moment. While the relationship of
MRC parameters to circulation patterns is assumdxg tinvariant in time, the non-linearity of
the climate signal is represented by the changiaguencies of occurrence of the CPs, a
method which was successfully applied in a preagdiark by Franke and Bernhofer (2009).
Of course such assumptions have to be validated mstorical experiment, which was

attempted in this work.

However, further sources of complexity should be itmoduced only if there is a clear
improvement. In my opinion, at the present stage,hie empirical results shown in the

manuscript do not clearly justify the use of CPs.



First of all we want to point out, that optimallybaoader data set for the validation period
plus additional study locations would be neededrew definite conclusions on this matter.

Unfortunately, both are not available to us atrtft@ment.

Given the results of this validation, we agree thatlear improvement is not evident when
using CPs as covariates. However, notwithstandiegabove our aim was to show that the
introduction of a new source of complexity does Ieaid to a decline in performance while
using the statistical information carried by thesCBiven the model results, this could be
confirmed. Since our position is that the circdatipatterns do have different scaling
properties, the inclusion of these covariates eagalbhe user to perform impact studies by
accounting for the above mentioned climate sigrfaclmanging frequencies of the CPs

occurrence.

To support this argumentation, we will add a diagmaf scaling properties for the two outer
extremes of CPs (i.e. CP1 as the driest and CRBeawettest class). Differences between
these two circulation patterns are most obvioug.(EiL), while intermediate CPs have their
scaling properties in between these two. If thguencies of occurrence of the CPs change,
so should the statistical properties of the higbokation rainfall. This is accompanied by
histograms of the relative frequencies of CPs liertivo periods (Fig. C2) to emphasize our

focus on coupling model parameters to this clinsedeal.

[...] both MRCs models and the rainfall generator shald reproduce exactly the
moments at the daily scale. Therefore, the bias dhe moments at 24h time scale
exhibited by the rainfall generator (bottom panel ¢ Fig. 8) and the systematic bias of the
CDF of 1h rainfall (Fig. 5) seem not to be consisté.

We thank the Referee for pointing out an errothim presentation of the data in Fig. 8. This is
important, since this error is also present in BigHere, data from the parameterization
period has been accidentally used twice for plgttthe moment scaling behaviour and
autocorrelation function of the rainfall genera{®-Gen). This probably happened while

changing the code for the layout of these figuned arroneously inserting the same data



source for two different periods. Unfortunatelysttwas done after the proofreading and
shortly before submission. We have corrected thistake and inserted the proper source
data. The revised plots can be seen in Fig. C3\bfdothe moment-scale relationship, and in

Fig. C4 below for the autocorrelation function resvely.

The Authors discuss the difference between the saaj properties of the rainfall for the

periods 1969-1979 and 1989-1999 on the basis of tmeoment-scale power-law
relationships shown in Fig. 3. The overlap of diffeent moments makes the comparison
rather difficult. However, a careful inspection reweals that the difference of the slopes
could be not so evident. In particular, given the mall sample size (5 points), the
difference could be not statistically significant] suggest (1) to redraw the figure to make
it clearer (avoiding any overlap), (2) to test thedifference of the slopes and (3) to
complement the figure with the diagrams of the expment of the moment scaling
relationships K(g) taking the uncertainty into accaint. A discussion about the

uncertainty of K(q) is provided by Villarini et al. (2007).

We will address the suggestions made by the Refere order of their appearance:

(1) We have redrawn Fig. 3 and aligned the intercepthe linear regressions for each
moment of the validation period with the respeciiMercepts of the parameterization
period at the scale of 1 h to avoid overlap ankae a clearer view on the differences
in their slopes (see Fig. C5 below).

(2) Using a t-test, the hypothesis of similar slopesvben the moment-scale power-law
relationships of the two periods can be rejectednfioments of order q>1 at a
significance level of 5 %. Thus we conclude that Htaling behaviour of the two
periods differ.

(3) The K(q) plots for the two periods, empirically eehined from the slopes of the
moment-scale power-law relationships in Fig. C% provided in Fig. C6 below.
Please note, that while in the original manusckify) is denoted as(q), we will
denote it as K(q) in our reply. The uncertaintytloé exponent K(q) of the moment
scaling relationship is the 90% confidence intergélthe ordinary least squares
regression used to approximate the linear relatipnsetween scale T and moments
Mg in Fig. C5. Although Villarini et al. (2007) dedoe in their paper different



regression frameworks for the construction of tteieg function we believe that the
ordinary least square method is sufficient for pnegtion purposes, despite the
inherent assumptions of homoscedasticity and inuigarece of the (supposed) zero-

mean residuals.

We see that the suggestions made by Referee #feasenable and help to significantly
improve the presentation. The points addressedeabopport our statements concerning the
difference between the scaling properties of the p&riods and will be implemented in a

revised version of the manuscript.

Minor remarks

We will now address the minor remarks of Refere@atheir order of occurrence:

P10118 L20: We thank Referee #1 for the referencthis great paper by Mascaro et al.
(2013). We will add a discussion on the problensighal sampling using discrete counting
(DC) and continuous counting (CC) of tipping-buckieta and its possible impacts on our
work, specifically concerning the temporal resauatiof 1 hour, to the revised manuscript.
Unfortunately we can not account for this problesimce we have no actual records of the
bucket tips. Another point of interest for us i tlvork of Mascaro et al. is the identified link
between synoptic circulations and metrics of spa#imfall patterns. However, in our work

we are more interested in temporal rainfall.

P10126 L1: We changed “he” to “the”.

P10128 L5-10: The potential to explain changesaitural systems in terms of fluctuations of
a stationary process is widely discussed in tleeditire (e.g. Koutsoyiannis, 2011) and goes
back as far as to the work of Hurst (1951). Whike agree that a closer investigation of our
results in this viewpoint is an interesting topac future work, our approach for this work is a
different one. We believe that a proper discussibthis topic in the current work lacks the

necessary data basis to include or rule out thiéset®



P10128 L1-10: The orders of Fig. 8 and Fig. 9 hla@en switched with Fig. 6 and Fig. 7 to
match their first mentioning in the text.
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Figure C1l: Exponents K(q) of the moment-scale relanship for the driest (CP1) and the wettest

circulation pattern class (CP8) in the parameterizéion period with their corresponding uncertainties.
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Figure C2: Relative frequencies of occurrence foricculation pattern classes in the parameterization
period (1989-1999) and validation period (1969-1979
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Figure C3: Revised version of Fig. 8 of the manusigt, with the moment-scale relationship of the raifall

generator (P-Gen) for the validation period (bottompanel) now correctly plotted using the proper soue

data.
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Figure C4: Revised version of Fig. 9 of the manusipt, with the autocorrelation function of the rainfall
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generator time series (P-Gen) for the validation pi#od (bottom panel) now correctly plotted using the



2,4
: O Period 1969-1979 (117 days)
, Period 1989-1999 (978 days)
1,9 : = = = Linear (Period 1969-1979 (117 days)) 0
1 Linear (Period 1989-1999 (978 days)) }q =2
| .- 8
14 = PR
| .a- }
| 0 PR q=15
< 0,9j E'“__—' ___.__.
3 1 - " - . G-
: a--" . }qzl
| & LT .--0O
04 S d-- S
1 S _____Cl __________ D}q=0.5
| B R cas@es=estt
ae == sesse==?®
i .= L mee---
011 H---
_0,6 T T T T T T T T
-0,1 0,1 0,3 0,5 0,7 0,9 1,1 1,3 1,5
Log(T)

Figure C5: Moment-scale power-law relationships

othe parameterization period (1989-1999) and the

validation period (1969-1979). Moments of validatio period are shifted to match the intercept of the

corresponding regression line of the parameterizadin

period to better compare their slopes.
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Figure C6: Exponents K(q) of the moment-scale relanship for the parameterization period (1989-1999)
and the validation period (1969-1979) with their coresponding uncertainties.



