
Linking European droughts to year-round weather regimes

O. Savary, C. Ardilouze, J. Cattiaux

We would like to thank the reviewers for their responses and constructive comments, which we have
considered very carefully. Both reviewers raised the issue of insufficient justification for the methodological
choices made, as well as the lack of meteorological interpretation of the results obtained. We hope that the
revised version of the manuscript will satisfactorily address their concerns. We will reply point by point to
each reviewer.

1 Reviewer #1

1.1 Major comments

Comment
Interpretation of the key result: You focus a lot on how important the weather regime frequency anomaly
term, α1 in Eq. 11, is for drought events, which makes sense as it’s the key question of this paper.
However, you leave (at least) me with the open but relevant question, what that other, more important
term, α2 in Eq. 11, actually is from an intuitive point of view and why it shapes the drought events to
first order. Can you improve your discussion and conclusion with respect to this aspect? What are the
“processes” hidden behind this term? Is it also related to smaller-scale/synoptic anomalies that do not
appear in the low-frequency regime definition? Maybe it would be helpful for a better understanding
to look into the regime evolution ahead of some individual events such as the one of 1960-07-04 in Fig.
8, for which regime frequency anomalies had no importance at all. In previous studies (I think some of
them include one of your co-authors), this decomposition is applied to understand climate change sig-
nals. As far as I understand, in these studies your second term (α2 in Eq. 11) can be interpreted as a
more thermodynamically driven term. However, in the drought context here, this does not really make
sense, which is why I struggle to understand it. . .

Reply: We further investigated the meaning of the second term α2. On average for droughts, the
term ∆Ck dominates. If ∆Ck is large for a regime k, this means that within pre-drought periods, the
precipitations occurring during days assigned to regime k only loosely match the canonical precipitation
pattern associated with k. We identify two main causes for this discrepancy: limits of the WR approach
to describe the atmospheric circulation, and the local variability of precipitation associated to WR. This
corresponds to either a difference in zg500 composite between pre-drought days and all days, or an alteration
during pre-drought days in the relationship between zg500 and precipitation. We discuss these two points
below.

Limit of the WR approach : we study North Atlantic circulation through weather regimes. To assess
to what extent the Z500 patterns that occur on pre-drought periods match the canonical patterns of the
regimes, we performed the same decomposition as for precipitation but for zg500 (see Eq. 1).

zgS =
∑
k

∆fkCk +
∑
k

fk∆Ck +
∑
k

∆fk∆Ck (1)

We therefore decomposed the zg500 anomaly during the 90 days preceding the droughts into a WR
frequency anomaly term , a zg500 pattern anomaly term, and a second order term. This decomposition is
shown in 1. The first column corresponds to the average zg500 over the 90 days prior to droughts, for all
droughts in the region. There is consistently an anticyclonic anomaly centred on the region of interest. The
second term (third column) still predominates in intensity. The centers of action are systematically more
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Figure 1: (I) Composite zg500 anomaly over the 3 months preceding the droughts for each region. Non-
signi�cant results (p-value > 0:05) are hatched. (II to IV) zg500 anomaly reconstructed.

intense for this term than for the frequency anomaly term (second column). However, the centers of action
are located in the correct place.

Let us assume that each weather pattern corresponds perfectly to its associated precipitation pattern,
regardless of the situation. We have shown that the zg500 pattern during the pre-drought period can be
explained in small part by frequency anomalies and largely by a distortion of the canonical zg500 patterns.

Local variability of precipitation associated to WR : Some small-scale precipitation phenomena are not
in
uenced by the large-scale circulation. These events cause precipitation anomalies to deviate from the
canonical patterns associated to WRs. To highlight these phenomena, we calculate the precipitation standard
deviation for each regime. The results are shown in Fig. 2. We normalized the intra-WR standard deviation
by the precipiation standard deviation, in order to quantify the

We also notice a substantial variability over central Europe and near the Mediterranean coast, for which
a more detailed analysis is provided at the end of the reply (see Fig. 8). We also present the seasonality of
the standard deviation of precipitation.

Comment
Role of weather regime persistence and intensity: The frequency of daily regime occurrence 90d prior
to a drought { as you de�ne it here { does not tell us anything about regime persistence or regime
intensity. For example, two drought events could be preceded by the same frequency of a regime, but
in one case it could be one single, long-lasting regime event that is very strong, while in the other case,
the regime could appear multiple times but in shorter and maybe weaker spells. I think this could make
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