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Figure 1. a. Mean of the non-exceedance probability (MNP) of the scPDSI for Europe at 30-15 
year scale (black circled line) and percentage of grid cells that have positive scPDSI as a 16 
fraction of total number of grid cells (blue squared line). Grey dashed lines represent mean 17 
plus/minus one standard deviation of the scPDSI’s MNP. b. MNP of the scPDSI for each 18 
PRUDENCE region (AL: Alps, BI: Britain Islands, EA: Eastern Europe, FR: France, IP: Iberian 19 
Peninsula, ME: Mid Europe, MED:Mediterranean, SC:Scandinavia) at 30-year scale (black) and 20 
10-year scale (grey) and their relation to the dry (orange) and wet (blue) periods identified for 21 
the whole of Europe. 22 
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Figure 2. Empirical distribution of 30-year scPDSI presented in Figure 3, in terms of absolute 25 
ranks. A value of 1 corresponds to the driest 30-year interval observed, while a value of 34 to 26 
the wettest one.  27 
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Figure 3. Investigation of areal extent, as percentage of total grid cell number, in conjunction to 30 
the drought severity, described by the original scPDSI values at each grid cell. The dry (orange 31 
boxplots) and wet (blue boxplots) conditions were examined for both 30-year (a., b.) and 10-32 
year scales (c., d.). Cumulative area of dry/wet conditions has been also presented by adding 33 
the values of each successive bin (mean: green square-pointed solid line, 0.9 quantile: green 34 
slashed line). The comparison of the W4.EU interval (blue points: mean scPDSI, orange points: 35 
cumulative mean scPDSI; triangles: 1952-1982, circles: 1982-2012) with the other 10-/30-year 36 
periods, suggests that it was above the cumulative 0.9 quantile in the 30-year scale. This was 37 
due to its high values in the range between 0 and 1.5 and not as an outcome of extreme severe 38 
conditions (scPDSI > 2). Similar results appear for the 10-year scale, where all the decades of 39 
the last 60 years are found to be above the millennial mean, with three of them being in the top 40 
0.1 quantile.    41 

a.  b. 

c. 

d. 
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Figure 4. Statistical significance described as the rejection probability of the null hypothesis of 43 
the maximum likelihood estimator (Eq. 2), which is used in logistic regression as depicted in 44 
Figure 4 (a. Temperature and b. seasonal NAO).  45 

a.  b. 
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Figure 5.  10-year seasonal NAO values (winter: blue squares; spring: orange circles and 47 
summer: red triangles) versus empirical probability of wet conditions per each PRUDENCE 48 
region, i.e. extremely wet conditions are close to 1 while extremely dry close to 0. Continuous 49 
lines represent the corresponding logistic regression fit for each NAO variable. The random 50 
scattering of points over y axis was applied for clearer representation. Shaded area depicts the 51 
0.95 confidence intervals. 52 



 53 
Figure 6. Similar to Figure S8, but for regional temperature (blue line). Removing the last 112 54 
years (all records end at 1900 CE) does not significantly change the shapes of the logistic 55 
regression curves (grey line).  56 
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Figure 7. Correlation coefficients (0.9 significance) between CRU scPDSI 3.25 gridded dataset 60 
and annual a. SCA and b. AO. Similarly for precipitation (c., d.) and temperature (e., f.) (EOBS 61 
15.0 dataset). Data extraction and analysis were performed in the KNMI explorer on-line 62 
platform.  63 
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Table 1. Absolute ranks of regional mean scPDSI. On the top row for each region is the 10-year 65 
rank (maximum 104), while in the succeeding is the 30-year rank (maximum 34). Top/lowest 66 
20% percent of 30-year ranks is highlighted with blue/orange color. 67 

 68 

  1897 1907 1917 1927 1937 1947 1957 1967 1977 1987 1997 2007 

IP‐10  36  67  80  51  78  1  56  50  93  3  6  21 

IP‐30  22  6  29  1 

FR‐10  49  42  73  102  75  22  60  85  51  67  99  72 

FR‐30  16  29  25  33 

BI‐10  67  40  64  101  51  43  50  87  22  60  95  96 

BI‐30  22  29  19  32 

ME‐10  59  28  57  101  79  42  83  94  49  75  86  90 

ME‐30  15  30  29  33 

MED‐10  52  31  91  48  94  1  92  70  102  6  14  88 

MED‐30  22  4  34  9 

AL‐10  47  22  63  95  84  2  94  83  82  69  93  42 

AL‐30  13  18  32  25 

SC‐10  42  58  34  85  43  90  79  48  38  99  92  100 

SC‐30  11  28  20  34 

EA‐10  32  4  38  65  94  7  93  83  99  21  72  92 

EA‐30  5  16  34  25 



69 

 70 

Figure 8. Spatial distribution of the statistical properties of the scPDSI: a. Mean, b. Standard 71 
deviation, c. Skewness, d. Autocorrelation coefficient (lag 1 year). It can be seen that the 72 
scPDSI mean deviates from zero; western mid and high latitudes demonstrate negative values, 73 
whereas the Iberian peninsula the sign inverses. These departures occur due to the calibration 74 
of OWDA to the instrumental period, i.e. 1928-1978, before it was applied to the tree-ring 75 
proxies. Thus, if the calibration period is wetter than the whole record, it would result to a 76 
negative mean value, whereas if it is dryer to a positive one. Therefore, to efficiently perform 77 
comparisons between different regions, and consequently different calibration conditions, the 78 
empirical quantiles of scPDSI were used. 79 

a.  b. 

c.  d. 



 80 
Figure 9. scPDSI correlation coefficient between OWDA (1900-2012) and CRU datasets for a. 81 
summer (ρ = 0.67) and b. annual time scale (ρ = 0.62). These values are likely to be biased 82 
upwards by some amount because the tree-ring estimates of the OWDA end in 1978. After 83 
appropriate scaling, the OWDA is extended to 2012 using instrumental scPDSI data. 84 
  85 

a.  b. 



Table 2. Recent paleoclimatic studies of regional drought. There is good agreement with other 86 
paleoclimatic studies as well. In the original paper, OWDA was found to be significantly 87 
correlated with the gridded precipitation reconstruction over Europe1. The same can be said for 88 
the Mediterranean2, the Iberian Peninsula3, Scandinavia4,5, United Kingdom6 and Czech lands7. 89 
Interestingly, the latter suggests intensive drying in that region during the last decades, which 90 
seems to contradict our results for the Central Europe region (Figure S3; ME). However, this is 91 
related to large spatial variability in Central Europe; if we further partition the ME region and 92 
focus on Czech lands (15-20ºE, 48-52ºN), then a dryness increase can be seen. Similar 93 
discrepancies were found for the Alps8 and France9, which were studies of specific sites. 94 
 95 
Region Citation Index Agreement Discrepancy 
Mediterranean Cook et al. 

2016 
scPDSI Analysis of OWDA 

in the 
Mediterranean 

- 

Czech Lands Brázdil et al. 
2016 

SPEI, Z-
index, 

scPDSI 

Recent and 1800 
dryness 

1700-1750 

Scandinavia Seftigen et 
al. 2015 

SPEI Pluvial 1500-1600, 
Summer NAO 

1600-1700 
[subdecadal, both 

pluvial and dry] 
Scandinavia Drobyshev et 

al. 2015 
LFY (large 
fire years) 

Dry in 1800, 
Summer NAO 

- 

Spain Tejedor et al. 
2016 

SPI 1750, 1803, 1808, 
1870, 1980 
droughts, 

1760, 1820,1975 
pluvials 

1950 drought 

United 
Kingdom 

Spraggs et 
al. 2015 

Runoff 1855, 1935 
droughts 

 
- 

Alpes (1 site) Kress et al. 
2014 

DRI - 900-1100 drought, 
1900-2000 pluvial 

France (2 
sites) 

Labuhn et al. 
2015 

SPEI - Disagree 
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Figure 10. Hydroclimatic conditions (scPDSI) over the well-studied Czech region (15-20ºE, 48-97 
52ºN), in 10-year (light blue line) and 30-year (dark blue line) scale. 98 
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