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EGU2020-19963: González-Rouco et al. 

This version of the presentation has been prepared for 
EGU 2020 Display at Sharing Geosience Online. The 
ratio of text and figures intends to provide the basic 
information substituting a regular talk. Feedback is 
appreciated, please contact fidelgr@ucm.es 

 

Presenter: J. Fidel González Rouco 

This presentation analyses EU drought in climate reconstructions (OWDA) and model simulations 
of the CESM-Last Millennium Ensemble 

We find that: 

-  EU drought can be objectively structured into regions of ~ uncorrelated long term variability 

-  Some of these regions exhibit megadroughts through the last millennium 

-  CESM LME reproduces a comparable array of drought regions including a comparable 
behaviour of extreme drought. 

-  Extreme drought does not seem to be related to external forcing. 

Information to be provided to introduce the chat: 
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Climate since  ~ 1000 AD 

 
Stocker et al., 2013 

Motivation:  reconstructed & simulated LM temperatures 

Comparison of LM model simulations and reconstructions shows broad agreement and 
a cuasi-linear response of temperature to external forcing changes (Fernández-Donado 
et al 2013). 

Uncertainties in 
modelling stem from 

uncertainties in 
boundary conditions 

(external forcing) and 
from structural model 

uncertainties. 
Uncertainties in 

reconstructions stem 
from proxy issues, 

spatial and temporal 
sampling 
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Climate since  ~ 1000 AD Motivation:  simulated hydroclimate responses 

Roldan et al (2020) compare temperature and hydroclimate 
responeses in the PMIP3 ensemble of simulations suggesting 

that dynamics and precipitation show global coordinated 
responses to external forcing changes. 

The Figure shows the 1st EOF and PC of scPDSI in simulations 
of the PMIP3 LM ensemble. Note changes through the MCA, LIA 

and industrial period as well as volcanic coolings. 

An example at regional scales (Coats et al 2013) where 
reconstructed PDSI from North American SW is analysed in 
comparison to LM model simulations. Large extremes 
(megadroughts) occur in the reconstructions and model but do 
not follow the timing external forcing and suggests a role of 
internal variability 
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Figure 15. Analysis of scPDSI for the ensemble of simulations included in Table 1. (a) First EOF and (b) First PC time series for each

simulation, as well as the average PC of all the simulations (black line). The percentage of explained variance is shown within the EOF map.

The range of correlations between the PC of each simulation and those of other simulations is also included to the right of the plotted PCs,

both for the whole period (ALL) and for the pre-industrial era (PRE). For these correlations, the significance level (p<0.05) is shown with

a black line. (c) Map of scPDSI differences between MCA and LIA. Dots indicate locations where the differences are significant (p<0.05).

(d) Composite average (solid line), and maxima and minima (dashed line) of global scPDSI anomalies in the five years before and ten years

after the 12 main volcanic eruptions of the LM. Vertical line indicates the year of the volcanic event.

signal. In some areas the 20th-century trends show precipitation increases, like in the selected Brazil and Peru sites, while

in others there is no response (e.g. the California site) or precipitation tends to decrease (e.g. the selected sites in Spain and

China). Inter-simulation correlations tend to increase during the 20th century for sites showing trends and remain insignificant

for most inter-ensemble pairs in pre-industrial times.

Similar results to those obtained for precipitation are obtained when analysing other variables representative of the water5

content of the soil. In particular, P-E, scPDSI and soil moisture have been analysed in this work. Even if these variables provide

similar information, there exist important differences between them. Because soil moisture takes into account the water balance

in previous time steps, together with precipitation, evaporation and temperature, its variations are typically smoother than those

observed in atmospheric variables. Something similar happens with scPDSI, which similarly takes into account soil moisture

conditions from the previous months. Due to the higher number of factors considered in the computation of soil moisture and10

22
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the two indices for the control run. The use of yearly
average soil moisture is further justified by the agree-
ment between the droughts identified in the annual and
JJA control soil moisture indices (8 of the 10 largest
droughts in the control run are in agreement using the
drought identification and ranking methodology out-
lined in the above section for the annual and JJA soil
moisture).
We also calculated model PDSI to allow for a direct

comparison between simulated soil moisture and PDSI
variability in the ECHO-Gmodel (following Cook et al.
2013). Model PDSI is derived on an even 2.58 3 2.58 grid
using simulated precipitation and surface temperature
as inputs. At each grid point PDSI was calculated and
then standardized against a preindustrial normalization
period (1000–1850 CE). Soil moisture capacity was speci-
fied as 25.4 and 127mm in the top and bottom layers, re-
spectively, and evapotranspiration was calculated using
surface temperature via the Thornthwaite (1948) method.
The evolution of JJA PDSI is found to be comparable
to yearly average soil moisture with three out of the
five identifiedmost severe droughts in agreement for the
forced run (as can be seen in Fig. 1).

3. Results and discussion

a. Analyses of drought indices

Figure 1 compares the simulated soil moisture in the
forced model run to the simulated PDSI and proxy

reconstructed PDSI. The simulated NASW soil mois-
ture variability in the ECHO-G model correlates well
(r5 0.75) with calculated model PDSI during the 1000–
1900 period. The two records diverge in the postindus-
trial period owing to an unrealistically large negative
twentieth-century PDSI trend in the model simulation
that can be attributed to an excessively positive tem-
perature trend—more than twice the observed trend—
and slightly negative precipitation trend in the twentieth
century. If the modern/postindustrial period is ne-
glected, the identified droughts using the two variables
are consistent in three out of five cases. The exceptions
are the late 1500s drought, which is the least severe of
the five droughts identified in the soil moisture time
series, and the twelfth-century drought in the PDSI time
series; this latter drought is present but much smaller in
magnitude for the soil moisture time series (and thus not
identified as one of the five largest droughts in the time
series). The disagreements in drought timing and mag-
nitude seem to be associated with strong temperature
controls on calculated PDSI that are not reflected in the
modeled soil moisture response. This can be observed
most dramatically in the PDSI estimates for the twen-
tieth century in the forced run.
In terms of drought severity, the model exhibits ap-

proximately as much interannual and longer time-scale
PDSI variability in the NASW region as the proxy re-
cord (see the bottom two panels of Fig. 1). Although the
PDSI has been noted to be difficult to compare in an

FIG. 1. NASW (258–408N, 1258–1058W) box averaged (a) unnormalized forced soil moisture
(m) and (b) forced PDSI (nondimensional) for the period 1000–1989 from the ECHO-G
simulations (standardized over the period 1000–1850). (c) The NADAPDSI (nondimensional)
for the same NASW region (standardized over the period 1931–90 using instrumental PDSI).
The soil moisture is a yearly average, while the PDSI is a JJA average (again to match the
NADA). The five most severe droughts using the described classification and ranking methods
in section 2c are highlighted in red, with the 20-yr low-pass filtered time series plotted in blue.

1 OCTOBER 2013 COAT S ET AL . 7639

Questions: 
•  What is the behaviour of 

spatial/temporal variability 
over Europe during the LM? 

•  Are there large drought 
extreme episodes ~ 
megadrougts? 

•  Does it follow external 
forcing changes? 
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Climate since  ~ 1000 AD Reconstruction & model ensemble 

The OWDA scPDSI JJA  
(Cook et al., 2015) dendro based 

reconstruction has been used. 
Differences between: a) the MCA 

(950-1250 CE) and LIA (1450-1850 
CE); b) the historical period 

(1851-2005 CE) and the LIA. 
OWDA shows a drier Mediterranean 

in the MCA and Hist. 

NCAR CESM-LME (Otto-Bliesner et al., 2016) 13 experiments from the All Forcing ensemble.  Simulations 
were driven with LM external forcing PMIP3 specifications (Schmidt et al 2011). JJA soil moisture (kg/m2) 
is considered. 
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Figure 1: (Left) Spatial distribution of mean di↵erences of the scPDSI OWDA between: (top) the MCA (950-1250
C.E.) and LIA (1450-1850 C.E); (middle) IE (1850-2012 C.E.) and the MCA; (bottom) IE and the LIA. (Rigth) Spatial
distribution of di↵erence of soil-moisture normalized anomalies of simulation ALL-FORC-1 CESM-LM ensemble in
di↵erent periods: the MCA and the LIA (top); the IE and the MCA (center); and the IE and the LIA (bottom).
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a) b) 
MCA-LIA (a) and HIST-
LIA (b) for the All-
Forc_1 run shows drier 
MCA and HIST in the 
Mediterranean, 
consistent with OWDA. 
Similar response is 
obtained for the other 
runs. 
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Climate since  ~ 1000 AD Method 

Rotated Principal Component Analysis, using VARIMAX rotation, is used to define regions of ~ uncorrelated 
variability in the OWDA and in the CESM-LME (e.g. Jiménez et al 2008) 

a) 

b) 
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Fig. 4: (a) Spatial patterns of the OWDA since 1200 C.E. The first three rotated EOFs (a) and PCs are presented with number 1 (3) at the top
(bottom). (b) Temporal RPCs of the OWDA since 1200 C.E.
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Examples of the 1st (a) 
and second (b) rotated 
E O F s  a n d  t h e i r 
corresponding PCs for 
1200 CE – present in 
OWDA. 
 
Rota ted PCs show 
larger loadings over 
specific regions, like 
Atlantic EU (1st mode) 
or around the Black Sea 
(2nd mode). 
 
7 PCs (not significantly 
c o r r e l a t e d )  w e r e 
retained. Regions are 
identified by stablishing 
a threshold isoline level 
in rotated EOFs. 
 
The behaviour of rEOFs 
i n  C E S M - L M E i s 
c o m p a r a b l e i n i t s 
statistics (not shown).  
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Climate since  ~ 1000 AD Regionalization: reconstruction and model 

Resulting objective classification of regions in the OWDA 
(a) and in CESM-LM from the first seven VARIMAX 
rotated EOFS: purple (NWE); orange (TG); green (SL); 
red (ME); yellow (BS); blue (WM); and pink (BS). Grey 
areas represent zones of overlap for various regions 

Resulting distribution of EU regions obtained by the 1st 7 
rotated EOF of the All Forcing CESM-LME ensemble. 
Some regions are comparable to those in OWDA, but not 
identical. The color distribution does not intend therefore a 
1to1 correspondence. Grey stands for regions of overlap. 
Details of the construction of the regions from the 
ensemble not shown here. 

a) 

b) 
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Figure 2: Spatial distribution of the seven European
regions obtained by the first seven VARIMAX rotated
EOFs. The purple region represents North-Western Eu-
rope (NWE), orange is Turquey-Greece (TG), green is
Sápmi-Lapland (SL), red is Middle East (ME), yellow is
Baltic Sea (BaS), blue is Western Mediterranean (WM)
and pink is Black Sea (BS). Grey areas represent zones
that di↵erent regions have in common. The isopleth is
0.035. See Table 1.

contain available data before 1300 CE, the anal-
ysis can be extended for those regions well before
1300 CE while for the broader European region
an extended coverage exists only after 1300 CE,
in the NWE and SL areas data span over the last
two millenia. Note that no trends are observed
in the industrial period. However, the regions
do present di↵erent ranges of high and low fre-
quency variability.
The NWE, SL and BaS areas have more low

frecuency variability, thus is expected that they
have a greater number of droughts (155, 102
and 95 respectively) and megadroughts (7, 17
and 7 respectively) than the others (Table S4,
Table S5). The red highligthed periods rep-
resent the five greater droughts in each area
and the blue squares indicate those than can
be considered megadroughts. Note that there
are megadroughts in all areas and most of them
ocurred in the pre-industrial period.
Fig. 4 shows spectra for the time series in Fig.

3, also compared with their corresponding AR1
process spectral estimation, including confidence
intervals. All spectra correspond to a red noise
process, although significant desviations can be
found for some timescales. A red noise spectrum

implies that the largest proportion of variance is
distributed over low frecuencies (long periods).
This is a indication of high auto-correlation and
persistence. The majority of areas, including
the one corresponding to the broad European
domain, show more variance than would be ex-
pected in an AR1 for multi-decadal to centennial
time scales. Moreover, TG and ME show sig-
nificantly more variance than an AR1 at inter-
annual time scales. These particular areas show
spectra that are more similar to white noise pro-
cesses, with lower proportion of low frequency
variability.
The wavelets of these series in Fig. 5 show

more clearly how the spectral hidroclimate vari-
ability is distributed over time. The dashed-lines
represent the limit of the cone of influence, where
edge e↵ects become important. The contours
represent data with 95% of confidence. In all
areas, multicentenal variability can be observed
inside the cone of influence. NWE, SL, WM and
BaS show significant multi-centennial variability
that is stable over the whole period of availabitiy
data. TG, ME and BS also indicate variability
at those timescales although in the boderline of
the cone of influence. All areas present inter-
anual variability. Moreover, NWE, SL and BaS
present multidecadal variability; in the rest of
the areas, this variability is limited in time, es-
pecially in TG and ME areas.
Therefore, it has been found that in Europe

there have been also megadroughts in the past.
The megadroughts seem to occur more likely in
some regions than others, seemingly those that
display larger proportions of low frequency vari-
ability like NWE, SL, BaS and WM. Drought is
mostly an stochastic process similar to an AR1
although with larger variability at multidecadal
timescales for these regions. For TG and ME
the distribution of variability is less autoregres-
sive and becomes more similar to a white noise.

4.2 Simulations

Using the same steps than in reconstructions,
a complete analysis of the 13 simulations of
CESM-LM ensemble has been made. In first
place, the results of the 13 ALL-FORC simu-
lations have been obtained and compared.
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shown for the reconstructions. The RPCs has
very low correlation with each other, less than
0.36 (Table S6). Each of the 13 ALL-FORC
simulations present the same REOFs although
sometimes in a di↵erent order, excepting North-
Africa and Middle East-Lapland where the areas
do not match exactly in some simulations (see
Fig. S9).
The REOFs that summarizes the 13 ALL-

FORC simulations of CESM-LM ensemble are
shown in Fig. 7. REOF-1 isolates South-Europe;
REOF-2 confines Europe Plain; REOF-3 links
Turkey and Greece, REOF-4 cover British Is-
land and the Scandinavian Peninsula; REOF-
5 isolates the North-Western Europe; REOF-
6 represents the North of Africa and REOF-7
links Middle-East and Sampi-Lapland. There-
fore, the resulting REOFs confine regions that
tile the whole European domain and contribute
to have a uniform regionalization. The RPCs be-
have similarly to the PCs: long term trends are
present in the smaller regions (RPC-5 to RPC-7)
and trends during the industrial period highlight
increasing drought in those areas were the prod-
uct of the RPC and the loading coeficients of the
REOF renders a decreasing soil moisture trend:
RPC-1 over southern Europe and the northern
Mediterranean lands; RPC-2 over the Mediter-
ranean and northern Scandinavia; RPC-3 over
the Iberian Peninsula; and similarly for the rest.
Note that, as it will be demonstrated later, this
does not mean that all the resulting European
regions will be under drought conditions in the
20th century. This will depend on the final bal-
ance of the positive and negative contributions
of the various modes.
Based on the previous analysis, a single and

objective classification of Europe into regions
with homogeneous long-term hydroclimatic be-
haviour has been obtained. For a better com-
parison with the OWDA reconstruction, we con-
sidered 7 REOFs to isolate the areas, but it is
rather a subjetive criterion because both 6 and
8 REOFs lead to similar results and produce a
satisfactory mapping of the area in study. The 5
RPCs of greater variance in all simulations iso-
lates the same regions and the 2 RPCs remain-
ing provide slightly di↵erent areas (see Fig. S10
and Fig. S11 for complementary information).

Table 2: Proposed names for the seven regions obtained
by ALL-FORC of CESM ensemble RPCs.

Region
REOF

Name (Acronym)

1 South Europe (SE)
2 Europe Plain (EP)
3 Turkey-Greece (TG)

4
Brithis Island

Scandinavian Peninsula (BISP)
5 North-Western Europe (NWE)
6 North-Africa (NA)

7
Middle East

Sapmi-Lapland (MESL)

Figure 8: Spatial distribution of the European regions
obtained by the first seven VARIMAX rotated EOFs of
the ALL-FORC of CESM-LM ensemble. The blue region
represents South Europe (SE), the green is Europe Plain
(EP), the orange is Turkey-Greece (TG), the yellow is
British Island - Scandinavian Peninsula (BISP), the pur-
ple is North-Western Europe (NWE), the pink is North
Africa (NA) and the red is Middle East - Sapmi Lap-
land (MESP). Gray areas represent zones that di↵erent
regions have in common.
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end of a drought event will be calculated follow-
ing the convention of Coats et al (2013), where a
drought period starts after two consecutive years
of negative soil-moisture (or scPDSI) anomalies
and ends when two consecutive years of posi-
tive anomalies occur. The sum of the anoma-
lies in the drought period is called density index.
The more negative the index, the more intense
the drought is. Thus, a period with persistent
drought conditions lasting decades to centuries
is called megadrougth (Cook et al, 2007; Coats
et al, 2013). We will consider a megadrought a
drought that lasts for more than 20 years.
To study hydroclimatic variability within each

region spectral and wavelet analysis were made
(Bloomfield, 2004; Torrence and Compo, 1998).
Spectral analysis allows to describe the frecuency
distribution of variability in di↵erent regions.
Wavelet analysis is a method used to descompose
a time series into time-frecuency space. This
view o↵ers insights into the dominant modes of a
time series and how those modes vary over time.

4 Results

4.1 Reconstruccions

First, we will reproduce the results obtained in
Garćıa-Cantero (2017), that we will take as the
basis for our analysis of variability of drought in
OWDA and CESM-LM ensemble.
Principal component analysis is the first step

to obtain a regionalization of Europe in areas
with the same hydroclimatic behaviour. First, a
representation of the spatial and temporal vari-
ability of European drought in OWDA was ob-
tained in the terms of the unrotated EOFs and
PCs, ordered according to their explained vari-
ance (Fig. S5). Results show identical modes to
those obtained in Garćıa-Cantero (2017), with
larger loadings in the first EOF over the north-
western half of Europe and other areas like
southern Europe, eastern Europe or southwest-
ern Europe and north Africa being represented
by the other EOFs. The PCs represent a consid-
erable amount of low frecuency variability that
varies from region to region. Most of the areas
with large loadings show a considerable amount
of overlap. Rotation produces a similiar set of

REOFs (Fig. S6) albeit regionally more focused
and practical to obtain a segregation into re-
gions. The resulting REOF also replicate those
Garćıa-Cantero (2017) and their loadings are
more regionally constrained, thus aiding region-
alization. The variances accounted for by the
PCs and RPCs are shown in Table S1 and indi-
cate a relative increase in total explained vari-
ance by the RPCs (58.3 vs. 50.9). This is also
the result of the RPCs not being totally uncor-
related (see Table S2).
A threshold isoline of 0.035 was used in the

REOFs to isolate the scPDSI data of each re-
gion. In Fig. 2 the 7 regions resulting from the
selection of 7 REOFs (Fig. S6) are shown. This
classification into regions mimics the one result-
ing from (Garćıa-Cantero, 2017). The selected
names and acronyms to identify the regions are
indicated in Table 1 and correspond to the re-
sults of the above analysis during the period 1300
to 2000 CE. Fig. S7 shows nevertheless that this
classification is robust to small changes in the
period of analysis (e.g. 1300-1850 CE) and in
the value of the threshold isoline. An analysis
of the resulting variability within each region in
the time and frequency space follows, including
the occurrence of very extreme droughts.

Table 1: Proposed names for the seven regions obtained
by OWDA RPCs.

Region
REOF

Name (Acronym)

1 North-Western Europe (NWE)
2 Turkey-Greece (TG)
3 Sápmi-Lapland (SL)
4 Middle East (ME)
5 Baltic Sea (BaS)
6 Western Mediterranean (WM)
7 Black Sea (BS)

Fig. 3 shows the temporal evolution of scPDSI
for the broad European region (a) and for each
subregion in Fig. 2 (b-h). The black line rep-
resents the 31 years low-pass filter outputs and
the orange line the rotated principal component
corresponding to each region. Note the high cor-
relation between each RPC and its correspond-
ing region (Table S3). Since some of the regions

Table 1: 
Regions and 

acronyms  
resulting in the 

analysis of 
OWDA 
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Climate since  ~ 1000 AD Regional long term variability and extremes 
Examp les o f t ime 
series of scPDSI mean 
in two regions (NWE 
and WM, see Table  1). 
T h e r o t a t e d P C 
(orange) is shown for 
comparison with the 
mean scPDSI in the 
region (black) after 
1300 CE. Regional 
s e r i e s  a r e 
unco r re la ted . The 
mean is calculated for 
the pre-1300 period for 
t h e r e g i o n s w i t h 
availability of data. 

As in the top panel for 
the All-Forcing_1 CESM-
LME experiment. 
Megadroughts occur 
b o t h  i n  t h e 
reconst ruc t ions and 
simulations but with 
different timing and thus 
not related to external 
forcing conditions in an 
evident way. 
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Figure 3: Temporal evolution of each one of the regions obtained by the seven VARIMAX rotated EOFs of the
OWDA dataset. The mean is shown in gray; in black the 31 years low-pass filter outputs of the JJA scPDSI; and in
orange the RPC. The red highlighted periods represent the five greater droughts with the largest intensity index in
each area. The blue square represents megadroughts.
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Figure 3: Temporal evolution of each one of the regions obtained by the seven VARIMAX rotated EOFs of the
OWDA dataset. The mean is shown in gray; in black the 31 years low-pass filter outputs of the JJA scPDSI; and in
orange the RPC. The red highlighted periods represent the five greater droughts with the largest intensity index in
each area. The blue square represents megadroughts.
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Figure 9: Temporal evolution of each one of the regions of ALL-FORC-1 of CESM-LM ensemble. The mean
distribution is shown in gray; in black the 31 years low-pass filter outputs of the soil moisture anomaly; and in
orange the RPC. The red highlighted periods represent the five greater droughts with the largest intensity index in
each area. The blue square represents megadroughts.
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Figure 9: Temporal evolution of each one of the regions of ALL-FORC-1 of CESM-LM ensemble. The mean
distribution is shown in gray; in black the 31 years low-pass filter outputs of the soil moisture anomaly; and in
orange the RPC. The red highlighted periods represent the five greater droughts with the largest intensity index in
each area. The blue square represents megadroughts.

b) WM a) NWE 

Droughts are calculaed as events that start after two consecutive years of 
scPDSI/soil moisture anomalies and end after two consecutive years of positive 
anomalies. Megadroughts are here droughts > 20 yrs. Red coloured intervals 
and dots indicate the ocurrence of megadroughts.  
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Climate since  ~ 1000 AD Regional long term variability and extremes 

Examples of 
normalized 
spectra of OWDA 
scPDSI in two 
regions (NWE and 
ME, see Table  1). 
Spectral 
behaviour is also 
different for the 
different regions. 

As in the top 
panel, examples of 
normalized spectra 
for the 
corresponding 
regions in All-
Forcing_1 CESM-
LME ensemble. 
Simulated spectral 
behaviour changes 
inter-regionally. Spectral behaviour, i.e. the statistics of time variability in the frequency domain 

change from region to region and in the reconstructions and also relative to the 
climate model. 
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Figure 4: Normalized density of the scPDSI over Europe and the seven reconstructions areas in Fig. 2 (time series
in Fig. 3). The red line represents the normalized spectral density of each area, the green line represents the AR1
estimation and blue and pink lines represent the 90 and 95 confidence interval respectively.
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Figure 4: Normalized density of the scPDSI over Europe and the seven reconstructions areas in Fig. 2 (time series
in Fig. 3). The red line represents the normalized spectral density of each area, the green line represents the AR1
estimation and blue and pink lines represent the 90 and 95 confidence interval respectively.
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Figure 10: Normalized density of the seven soil-moisture anomalies over Europe and the areas in Fig. 9 of ALL-
FORC-1 of CESM-LM ensemble. The red line represents the normalized spectral density of each area, the green line
represents the AR1 estimation and blue and pink lines represent the 90 and 95 confidence interval respectively.
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Figure 10: Normalized density of the seven soil-moisture anomalies over Europe and the areas in Fig. 9 of ALL-
FORC-1 of CESM-LM ensemble. The red line represents the normalized spectral density of each area, the green line
represents the AR1 estimation and blue and pink lines represent the 90 and 95 confidence interval respectively.
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Examples of 
normalized 
spectra for the 
NWE region in All-
Forcing_2 and 3 
ensemble 
members 

Spectral behaviour, i.e. the statistics of time variability in the frequency domain 
change from region in the climate model, but are compable for each region 
across simulations 

Suplementary Material. European drought during the last two millennia: reconstructions and
model simulations 48
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Figure S14: The MESL area of ALL-FORC of CESM ensemble.

Examples of 
normalized 
spectra for the 
NWE region in All-
Forcing_2 and 4 
ensemble 
members 

11 



Conclusions 

Most of this work has been developed in the Master Thesis of 
MALC and NGC under the supervision of JFGR. 

Authors gratefully acknowledge the IlModels 
(CGL2014-59644-R) and GreatModelS (RTI2018-102305-B-

C21) projects.  

Acknowledgements 

à   EU drought can be objectively structured into regions of ~ uncorrelated long term variability 

à   Some of these regions exhibit megadroughts through the last millennium 

à  CESM LME reproduces a comparable array of drought regions 

à  The temporal and spectral characteristics of drought are inter-regionally different in the reconstructions 
and in the model simulations. 

à  The spectral characteristics of drought are similar for a given region in the different model simulations. 

à  Megadroughts occur in the reconstructions and in the model simulations.  

à  Megadrought timing is different across regions and across model simulations. Thus, it does not respond 
to forcing in an evident way. 
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