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We thank for the insightful contributions of the editor D. Koutsoyiannis and his commit-
ment to contribute as an editor to the scientific discussion; although his contributions
go beyond his responsibility as an editor. We take the opportunity of this “interactive
discussion” to directly react to some of his suggestions, criticisms and comments.

1 Hurst - phenomenon

We are well aware of the “Hurst phenomenon” and its coverage in the hydrological
literature. Like the measure ®g (Eq. 2) used in the paper, the Hurst statistic can
be interpreted as a parametrization of the variance distribution of a power-spectrum.
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However, our impression is that most empirical (data based) investigations that ana-

lyze runoff time series with respect to the Hurst phenomenon, share several common HESSD
features which distinguish them from our study: 8. C439-C445. 2011
1. In many cases the temporal resolution of the considered data is limited to an-
nual values (e.g Tallaksen et al., 1997; Vogel et al., 1998; Koutsoyiannis, 2002, Interactive
2003, 2010). Thus the statistics applied parametrize the variance distributions on Comment

frequencies > one year. This would be equivalent to parameterizing the spectral
properties of Qr..ng, and would be an interesting task itself, but is not the objective
of our study.

2. Most studies analyze only a limited number of time series, making it difficult to
draw robust quantitative conclusions. The only study we are aware of that covers
a large number of time series is Vogel et al. (1998), which also operates on annual
values and is therefore not directly related to the framework of our study.

3. We are only aware of a few “Hurst” studies that consider daily or monthly time
series (e.g. Montanari et al., 1997; Mudelsee, 2007). Our impression is that one
crucial feature in the technical procedure of these studies is to deseasonalize
the time series prior to any further analysis. Thus they parametrize the variance
distribution of the power-spectrum of the series R = Q — Qseqs, and thus are not

directly comparable to ®¢ (which parameterizes the spectrum of Q). T ———

Bases on these considerations we decided not to mention the Hurst phenomenon in the Printer-friendly Version
discussion paper (following our attempt to keep the paper short and concise). However,

we agree that it might be helpful for the reader to highlight the differences of this body of et Beaussian
literature to our study. Therefore, we suggest to point out the novelty of our approach

by contrasting it to the literature focusing on persistence of hydrological time series, Discussion Paper

including the Hurst-phenomenon.
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2 “Arbitrariness” of decomposition in Eq. 3

The editor pointed out that the decomposition in Eq. 3 is somewhat arbitrary. It is true
that time series can in principle be decomposed into a large number of sub-series, each
defined by its own frequency band (basically Eq 1). Nevertheless, we believe that the
separation into “sub-annual”, “seasonal” and “low-frequency” variability can be justified
by reference to the different types of phenomena associated with each time scale, such
as runoff response to rainfall vs. slow variations in the water budget. In fact, this type
of conceptualization is underlying many other studies that investigate either annual val-
ues (ignoring “sub-annual” and “seasonal” variability) or so called monthly anomalies
(which by subtracting the long-term mean of each month ignore “sub-annual” variabil-
ity).

Discussing these issues in detail would make the paper less focused and we therefore
prefer not to include an in-depth discussion, but suggest to mention that a further anal-
ysis of the spectral properties of Q 1.,y may be fruitful. A discussion of the limitations
of the chosen approach will be included.

3 Low frequency variance of temperature (Fig 4)

The editor mentioned doubts about the low values of the fraction of low-frequency vari-
ance of temperature (Fig. 4, &) and presented a “counter example” (Koutsoyiannis,
2011). However, the time series that was analyzed in this example had a annual res-
olution and thus the results cannot be compared directly to our findings. The overall
low values of & can be easily explained be the large amplitude of the annual cycle
of temperature. Low-frequency variations of temperature are of a much lower order of
magnitude and thus & is small.
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4 Section 3.3

Section 3.3 covers the description of two methods, (1) ISOMAP that is used to extract
spatial patterns or simultaneous variations and (2) Procrustes analysis that is used
quantify the similarity of patterns identified with ISOMAP.

In our response to the comments of Reviewer #1 we reflected on the choice of the level
of details when introducing complex methods and regard the Editors comments as an
demand for clarification.

We therefore suggest to expand the method description, or alternatively provide the
additional details in a methodological appendix.

5 “Hypothesis”

The editor mentioned some doubts regarding our conclusions to accept the “Hypothe-
sis”on p. 20 |. 23 ff, especially focusing on the relation between low frequency variance
of runoff and the atmospheric variables.

1. @ is a parametrization of the variance distribution of the power-spectrum of Q.
In hydrology it is often assumed that catchments act as spectral filters that reduce
the high-frequency variance of precipitation. Commonly the “filtering” is assumed
to depend on catchment properties, which implies that the variance distributions
of the power-spectra of Q and P will be different. The results of the correlation
analysis (Table 1 in the discussion paper) support this. However, this does not
imply that the variance of Qr.ny and Py, are independent.

2. The strong empirical relationship among the space-time patterns of Q, T and P
suggest that they are directly related. We regard this empirical finding as suffi-
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cient to “proof” that low-frequency runoff follows closely the atmospheric drivers
(which in fact is not surprising). The interpretation of the patterns of Pr,,, and
Tr.ong falls in the domain of atmospheric science and its detailed discussion would
go beyond the scope of this study. Instead several references are included as a
guide to the relevant literature.

6 Data reliability

The editor expressed some doubts regarding the credibility of re-analysis data (here
the WFD was used) and suggested to include some comparisons to observed pre-
cipitation and temperature records. Data quality is an important aspect of any envi-
ronmental science and the use of a certain data product is often a trade-off between
data availability and data reliability. However, assessing the quality of reanalysis data
products is a huge task and thus would go beyond the scope of this study. Further,
we believe that comparing the values of one grid-cell to station values would not do
justice to the nature of re-analysis products, that are build to provide reliable estimates
of large-scale patterns. Some of our results actually support the ability of the WFD to
capture large-scale features of atmospheric variability as demonstrated by similarity in
the spatial patterns of simultaneous variations of Qr.ny and Pr.,g (Fig 5). For these
reasons we consider an a detailed comparison of the WFD against a few station data
to be less relevant for the scope of this study.

7 Data availability

The availability and the access of runoff data is in detail described in Stahl et al. (2010).
We suggest to state this clearly in the data section.
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The Watch Forcing Data (WFD) is a newly developed data product and to date only

available for participants of the WATCH project. The WFD will be made publicly avail- HESSD

able Aug 15 2011 8, C439-C445, 2011
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