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Below shows the correlation patterns between precipitation and modes 
of variability from using SPI-1 and PC's for the extended winter season. 
High correlations above 0.3 are marked with a dotted pattern.

Winter correlations are higher than summer correlations, explaining 
more of the precipitation variability. Vegetation impact was strongest in 
summer but not associated with the summer modes. Highest loaded 
mode PC1 (NAO) had high correlation for winter precipitation. 

Correlations of MAM Modes of variability and JJA SPI-6

Correlations of NDJFM Modes of variability and MJJAS SPI-12 

Correlation of MAM Modes of variability and JJA Soil moisture index

SPI-12 and SPI-6 with a seasonal lead (+1) for EOF was correlated to 
test the predictability. Winter precipitation patterns had high correlation 
coefficients. SPI-12 and SPI-6 showed the strongest vegetation 
(FAPAR) effects, suggesting that  SPI-6 and SPI-12 in the growth 
season can be correlated to the winter or spring modes of atmospheric 
variability.

All types of droughts originate from anomalously low precipitation. 
This study used atmospheric modes of variability as an explainable 
driver for precipitation and on the longer timescale droughts using 
Standardized Precipitation Index (SPI) over varying timescales. This 
is tested with MODIS FAPAR anomaly data from the European 
Drought Observatory and soil moisture data Copernicus C3S 
multisensor passive microwave product. 

Correlation of negative SPI and FAPAR anomaly

1. Normalize monthly MSLP and 500 hPa 
data from ERA5 to the field mean for 
each timestep.

2. Calculate the Empirical Orthogonal 
Function (EOF) and the corresponding 
Principal Component (PC) for the 4 
most dominant modes.

3. Calculate monthly SPI values using E-
OBS from Copernicus CDS.

4. Calculate correlations between the 
datasets.

5. Repeat the analysis with a time lag.

6. Calculate standardized anomalies of 
soil moisture from Copernicus C3S 
passive microwave – Soil Moisture 
Index (SMI).

7. Repeat correlation analysis with SMI as 
SPI.

Negative SPI-6 and FAPAR-anomalies Negative SPI-12 and FAPAR-anomalies

EOF1 DJF and SPI-6 MAM EOF3 DJF and SPI-6 MAM

EOF1 NDJFM and SPI-6 MJJAS EOF3 NDJFM and SPI-6 MJJAS

EOF1 MAM and SPI-6 JJA EOF3 MAM and SPI-6 JJA

EOF1 MAM and SMI JJA EOF3 MAM and SMI JJA

Iberian peninsula NDJFM PC and 
MJJAS SPI-12

Scandinavia NDJFM PC and 
MJJAS SPI-12

Black sea to Central Europe 
NDJFM PC and MJJAS SPI-12

Our results  demonstrate that the predictability of summer drought 
conditions in areas of high correlations is possible. The seasonal lead 
time of EOF to SPI-12 and SPI-6 shows good results for the Iberian 
Peninsula, Scandinavia and an area from the Black sea toward Central 
Europe. The annual mean values for these regions are found beneath 
with red dots as drought years from Liberato et.al., (2021).

- Winter circulation strongly affected drought conditions, especially 
EOF1 (NAO) and EOF3 (Scandinavian pattern).

- SPI-6 and SPI-12 are strongly correlated with vegetation impact.

- Winter modes of variability can be used to predict summer SPI's.

- Correlations for SPI-6 (with seasonal lead) had the same correlation 
pattern with the soil moisture index. 

- PCA suggests that drought periods could be predicted, 
demonstrated by known drought years from the Iberian Peninsula. 

- Reconstructions can use information from summer dryness to 
represent winter modes of variability.

Correlation of SPI-1 and EOF PC's for winter season (NDJFM)1950-2022

Correlation of SPI-1 and EOF PC's for summer season (MJJAS) 1950-2022
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