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Fig. 3: Storm surge of 01-01-1855 Storm surge of 02-01-1855 
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March 1906

Wind Speed for March 1906 at den Helder
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March 1906

Wind Direction for March 1906 at den Helder

ECA&D den Helder (52.6N/4.45E)
HZG Reconstruction (52.5N/5.50E)
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a) SLP over Central Baltic Sea for 1872 (DWD,HZG)

SLP [hPa] by HZG (53-60N/5-22E)
SLP [hPa] by DWD (53-60N/5-22E)
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c) Wind direction over Central Baltic Sea for 1872 (DWD,HZG)

Wind direction by HZG (53-60N/5-22E)
Wind direction by DWD (53-60N/5-22E)
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b) Wind speed over Central Baltic Sea for 1872 (DWD,HZG)
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Baltic Sea Storm Surge 1872 
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Fig. 5: Comparison of reconstructed wind fields of 
the Baltic Sea Storm surge of 13. Nov. 1872.
a) Reconstruction by DWD [6]
b) Reconstruction by HZG

No appropriate Analog is find for SLP and wind (b). 
However, the reconstructed wind field of (a) ap-
pears to be not physically consistent (see Fig. 7b).

Fig. 6: Correlation between reconstructions of SLP 
and wind speed for the period 1. - 13. Nov. 1872.
a) Cor. of SLP of HZG vs. DWD reconstruction. 
b) Cor. of wind speed of HZG vs. DWD reconstr.

Mostly non-significant (95%) correlations of (b) 
might be caused by usage of only mostly common 
coastal station SLP in both reconstructions.
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Fig. 7: Timeseries of reconstructed SLP and wind over the Central Baltic Sea around 13. Nov. 1872.
a) SLP: low pressure suddently increases to high pressure leading to the storm surge
b) Wind speed: 15 days strong westerly winds, day 0 with extreme (DWD) singularity of easterly storm
c) Wind direction: W to SW before surge, sudden change to E on 12./13. Nov. 1872
d) Inflow (W, SW wind) vs. outflow (E wind) of water for the Central Baltic Sea (Arkona)

Both reconstructions highly agree in SLP and wind direction dispite the discrepancy in wind speed.

North Sea Storm Floods 1855 & 1906 
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Fig. 4: Storm surge of 12-03-1906 Storm surge of 13-03-1906 

Fig. 3: Reconstructed storm of 1./2. Jan 1855 & Fig. 4: 12./13. Mar 1906 causing North Sea storm surges. 

The Analog-Method was mostly used for statistical downscaling e.g. of daily precipitation from Global 
Climate Models (GCM‘s) to local scale [1,2]. The inverse approach is now used for statistical upscaling 
from daily SLP station data since 1850 to reconstruct related atmospheric fields of sea-level pressure 
(SLP) and wind. The general advantage of this non-linear approach is the reconstruction of full variability 
and a very realistic probability distribution including extremes relative to the reference data. However, 
compared with regression based methods, the AM cannot extrapolate outside the range of already ob-
served analogs. 
 In this study we evaluate the capability of the AM to reconstruct historical extreme events (related to 
storm surges) for the period 1850-1958 where analogs - perhaps - have not been present in the pool of 
atm. fields provided for the period 1958-2007. Two examples for storm floods at the North Sea (NW 
storms) in 1855 and 1906 are showing a very realistic reconstruction of the related storminess whereas 
the singularity of the Baltic Sea storm surge (storm from E) in 1872 cannot be fully reconstructed from 
the analog pool.

Introduction 

Analog-Method 
The AM [1] is used for non-linear upscaling from daily SLP station data [3] to reconstruct daily atmosphe-
ric fields of SLP and wind. Analogs are taken from a pool of atm. fields from a regional climate ocean 
model (RCAO) [4] forced by ERA40 reanalysis. The AM is used to redistribute these fields (predictand) ac-
cording to the highest similarity concerning the pool of observational time series (predictor). The daily 
correlation with the reference period 1958-2007 is r > 0.8 for SLP and r ~ 0.6 for wind components (u,v) 
in winter, slightly lower in summer using a leave-one-out method. The ratio of variance is generally close 
to one indicating a reconstruction of realistic variability relative to the reference data [5]. 
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Fig. 1: Comparison of the wind speed distribution of 
the REC with reference data from RCAO for JAN and 
JUL and wind direction (JAN) close to Stockholm. 

Fig. 2: Difference plot of the 99th percentile tres-
hold value of wind speed of REC - RCAO. for JAN.  
 
Negative values indicate under-, positive overe-
stimation of extreme wind speeds in REC. 

Outlook References 
The AM is in principle able to reconstruct extreme 
events since 1850 with exception of the singularity 
of the November storm 1872 [6]. 
 Further improvements of the AM is possible e.g. 
through increasing the analog pool (low effect, al-
ready N ~ 4500 analogs per day) and reducing the 
model bias (high effect, i.e. gustiness). For longer 
time periods, a combination of the AM with the abi-
lity of extrapolation should be considered. 
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