
1 Response to RC1 

 

We thank Referee 1 for his comments. You will find in this document responses to each comment. 

 

The manuscript is overall quite clear and well written. Giving more details about the novelty of the 

(quantitative) approach compared to the existing literature (indicated as rather qualitative) would 

highlight the significance of this work. 

 

As far as we know, the approaches in existing literature are indeed rather qualitative. The most known 

study on that topic for groundwater levels is that of Rust et al. (2019). In this study, they just graphically 

positioned the major droughts on the reconstructed low-frequency components of groundwater levels. 

From this, they identified that the majority of UK droughts were aligned with negative (minima) phases 

of the ~7-yr variability. However, there is no quantitative assessment of the importance of ~7-yr 

variability in the emergence of these droughts.  

Bonnet et al. (2020) didn’t directly study the influence of multidecadal variability on high and low 

groundwater levels but on high and low river flows through groundwater-river exchanges in the Seine 

catchment. Consequently, they only described the state (positive or negative phase) of multidecadal 

variability in groundwater levels to explain the occurrence and severity of two major hydrological 

droughts in the Seine river catchment. Hence, no quantification of the influence of multidecadal 

variability on high and low groundwater levels was done since it was not the final purpose of their study. 

We go further in our study by quantifying the dependance of high and low groundwater levels on low-

frequency variability. First, we investigate the proportion of groundwater extremes resulting from the 

low-frequency variability in each groundwater level time series; that is, extreme levels that are generated 

by low-frequency components. In other words, we investigate the proportion of groundwater extremes 

that are not considered as “extreme levels” when one or several low-frequency components are absent 

from the groundwater level signal. In addition, we aim at investigating the contribution of low-frequency 

components in the occurrence of well-known extreme historical events by estimating a percentage of 

contribution in the amplitude of threshold exceedance. Such quantitative approaches improve 

knowledges on low-frequency induced groundwater extremes, and how much each type of aquifers, in 

terms of GWL variability, may be affected by such extremes, for ultimately anticipate groundwater 

droughts and floods.  

 

Abstract 

 

Line 10: what do you mean by ‘groundwater droughts and floods’? Droughts and floods refer to surface 

phenomenon. Do you mean the impact of drought and flood variability on groundwater levels? 

 

No we don’t mean the impact of drought and flood variability on groundwater levels. By “groundwater 

droughts”, we refer to very low groundwater levels that may lead to critical situations for anthropogenic 

activities (domestic, agricultural, industrial uses) or ecosystems (resulting eventually in hydrological 

droughts) since the water table is no longer able to sustain streamflow. By “groundwater floods”, we 

refer to very high groundwater levels that can eventually lead to flooding due to groundwater level rise 

(e.g., direct emergence of groundwater at ground surface, soil/underground saturation resulting in strong 

overland flow). 

 

Lines 19 to 22: missing verb or part of the sentence, reformulate. 

 

We reformulate the sentence as follows: “By filtering out these components (either independently or 

jointly), it is possible to (i) examine the proportion of high level (HL) and low level (LL) occurrences 

generated by these variabilities, (ii) estimate the contribution of each of these variabilities in explaining 

the occurrence of major historical events associated to well-recognized societal impacts.” 

 

Introduction 
 



Line 55: it would be interesting to recall briefly the definitions of the other type of draughts and highlight 

how they are linked to each other or at least to the GW draught. 

 

We propose to add the following definitions in the revised manuscript: 

 Meteorological drought refers to a precipitation deficit spanning across a large area and time-

period that may be also combined with increased potential evapotranspiration.  

 Hydrological drought refers to below-normal surface and subsurface water (i.e., below-normal 

groundwater levels, water levels in lakes, declining wetland area and decreased streamflow). 

 Agricultural drought refers to a deficit in soil moisture leading to a failure in the supply of 

moisture to vegetation, affecting crops but also natural ecosystems.  

 Socioeconomic drought refers to societal impacts of meteorological, hydrological and 

agricultural droughts. The water resources become insufficient to support water supply. 

Meteorological droughts may lead to agricultural and hydrological droughts as it does not rain enough 

to (i) supply enough water to the soil, (ii) sustain streamflow. If the meteorological drought spans over 

a few winters, then it may create a recharge deficit over several years leading to groundwater droughts. 

In case of groundwater droughts and too low groundwater levels, it may also result into hydrological 

drought as the water table is not able to sustain streamflow. All of these droughts individually or together 

may lead to socio-economic drought. 

 

Line 65-66: this sentence is not clear. Can you reformulate? 

 

The response time to precipitation to get a high GWL differs a lot according to aquifer characteristics 

and response type (i.e., reactive vs inertial systems). 

 

Effective precipitation and groundwater data 

 

Lines 183 to 185: I do not understand what is meant by mesh or SAFRAN mesh (temporal, spatial, 

spatio-temporal), and to which aim it will be used (to model which process or quantity of interest?). 

What is SAFRAN? 

 

SAFRAN is a French reanalysis providing gridded meteorological data (precipitation and snow, 

temperature, Penman-Monteith potential evapotranspiration) with time series spanning the 1958-2019 

range at a daily timestep. For full documentation see Vidal et al. (2010). Based on such reanalysis data, 

we computed effective precipitation for each grid mesh with the water budget method proposed by 

Edijatno and Michel (1989). In a part of this study, we aimed at determining the lag between low-

frequency components in effective precipitation and groundwater levels for some boreholes. For this 

work, we selected the mesh of SAFRAN reanalysis (spatial) with the effective precipitation time series 

(temporal) with the biggest correlation with GWL. 

 

Section 3.1 

 

An illustration of the variability or energy level of the MODWT approximation might be insightful, e.g 

on fig 2a. 

Would a graphical or table presentation of the MODWT and CWT results help in understanding how 

the variability is quantified? 

 

We propose to add a figure (like the figure below) in the manuscript to introduce the MODWT analysis 

with all components (details+last smooth) plotted and associated energy percentage to each component 

indicated. 

As we didn’t restrict the decomposition level to interior coefficients of MODWT, in order to be able to 

distinguish d6 (~7-yr) and d7 (~17-yr) from the last approximation (with a s20 wavelet filter), the energy 

level of the last approximation is 0%. All the energy is contained into wavelet details, which is shown 

in the figure below. 



 
Figure X: Example of multiresolution analysis by MODWT decomposition for the borehole of Tincques. In gray 

is presented the groundwater level time series in Tincques; in blue the wavelet details (d1 to d9) and the last 

smooth or approximation (s9). The Fourier period (in black) and energy percentage (in red) associated to each 

detail can be calculated. 

 

We also propose to add a CWT spectrum in the methodology section so that readers have a graphical 

overview of the explanations given in Section 3.1. 

 

Section 3.2 
 

Are the 0.2 and 0.8 percentiles unique/determined for the whole dataset or by aquifer group or borehole, 

and over which time period? 

 

Percentiles 0.2 and 0.8 were determined for all boreholes of the whole dataset over the 1976-2019 period. 

 

Multi-timescale variability… 

 

Fig. 3: it might be good to recall that the energy level is a result from the MODWT. 

 

It is planned to add it to the legend of the revised manuscript as follows: “Multi-timescale variability of 

groundwater levels in Paris Basin (78 boreholes). Pie charts describe the energy percentage of each 

timescale of variability reflecting their importance in total groundwater level variations. This energy 

percentage is derived from the MODWT analysis.” 

 

Fig.4 caption: explain what the contour lines mean 

 



The contour lines express the statistically significant regions of the spectrum at a confidence level of 

95% (Monte-Carlo test).  

We also forgot to mention that the white transparent line corresponds to the cone of influence where the 

variance is underestimated due to edge effects. 

 

For fig 5, 6, 10 & 11 it might facilitate the reading of the results if there was an identification of the 

hyrdogeol entity types (iD, iMD, cAM, cA) instead of displaying the coloured hydrogeological entities. 

 

We think that it might facilitate the reading of the results too. We propose to keep ‘aquifer types’ as 

background for Fig. 1, Fig. 3; and to display a background corresponding to hydrogeological entity types 

(iD, iMD, cAM, cA) on figures that you cited. 

 

Discussion 

 

Could you discuss the possibility of assessing the current LFV state and its short term evolution, given 

a type of aquifer, as it might be helpful for short term predictions of GWE? 

 

This is a very interesting suggestion, indeed. 

For type iD aquifers, with a downward (resp. upward) phase of DV in GWL, the probability of heading 

for a groundwater drought (resp. flood) in the short term is higher. 

For type iMD aquifers, with concomitant downward (resp. upward) phase of MAV and DV in GWL, 

the probability of heading for a groundwater drought (resp. flood) in the short term is higher. 

For type cAM and cA aquifers, the same conclusions can be reached than iMD aquifers, however the 

probability of heading for a drought or flood on the short term is also highly dependent on the AV state 

and the last winter recharge. 

However, assessing current LFV state requires adopting the right methodology, particularly if MODWT 

analysis is used. The resulting low-frequency components are particularly submitted to edge effects. 

Last values of low-frequency components are then susceptible to be biased. Consequently, it requires 

sufficiently long time series to extract components that are not subject to edge effects (i.e., internal 

coefficients) and that enable the ~7-yr and ~17-yr components to be distinguished of the last 

approximation. 
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