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MOTIVATION

Why	do	we	need	information	about	past	storminess?

• Climate	change:	How	have	storms	changed	and	
what	to	expect	in	the	future?	

• Risk	assessment:	Windstorms	are	one	of	the	major	
natural	hazards	in	terms	of	frequency	and	loss.	
They	are	associated	with	potentially	high	impacts.	
Coastal	and	inland	cities	and	infrastructure	
supporting	cities	are	heavily	affected.

• Renewable	energy	sector
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… BUT

• Systematic	wind	measurements	available	for	
a	short	amount	of	time	

• Wind	measurements	are	inhomogeneous	
due	to	
- changes	in	measurement	routines	
- instruments	used	
- changes	in	station	surroundings	
- relocation	of	stations
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numerous	examples

… BUT

an AH change. In Canada, it is very common that an
anemometer was moved from a rooftop to a standard
10-m mast at the time when the anemometer type was
changed from 45B to U2A. We noticed that anemome-
ter or station relocation always caused a significant dis-
continuity in the associated wind speed series, even
without an accompanying AH change. For example, the
anemometer at McInnes Island (British Columbia) was
relocated twice, in February 1973 and November 1982;
the first relocation was accompanied by an AH change
(from 30 to 33 ft, or from 9.1 to 10 m), but the sec-
ond relocation was not. Nevertheless, both relocations
caused a significant mean shift, as shown in Fig. 5b (the
other shift, in June 1963, was due to some other undoc-
umented change that was accompanied by an installation
of a new anemometer of the same type and at the same
height). This is because wind observations are sensitive to
the observing environment (including anemometer ex-

posure), which often changes with an anemometer or
station relocation. Anemometer type changes alone
could also cause significant shifts in wind speed series,
especially when the Rosemount pressure anemometer
was involved. For example, there were two anemometer
type changes at Cape Parry Airport: 1) from U2A to
78D in July 1994, when the station was automated; and
2) from 78D to the Rosemount model in May 1997. Both
changes caused a significant shift in the wind speed se-
ries, along with a change in the variance, as shown in
Fig. 5c (note that changes in variance are very rare in the
dataset and are not dealt with in this study. Although
a change in variance could have an effect on the esti-
mated significance of trend, it should have little effect on
the estimated value of the linear trend, unlike a mean
shift that could greatly bias the estimated value of trend).
The change from 78D to a Rosemount anemometer in
May 1997 caused a much larger shift than the change

FIG. 5. Monthly mean wind speed series at selected locations. The estimated mean response
along with the estimated mean shift(s) is shown (solid line).
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Wan et al., 2009

Monthly mean wind speed at McInnes Island, BC.

Relocation (1973, 1982)

Measurement 
instruments were 
changed (1963)

De Bilt, NL: station relocations, creeping vegetation  
(reason for 1960 unclear, source: climate explorer, KNMI, 2019)
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10-yearly sum 
of events with 
winds stronger 
than 7 Bft in 
Hamburg

Time series of the 10-year sums of events with winds 
stronger than 7 Bft in Hamburg (about at least 14 m/s).
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What	about	reanalysis	data?
• Reanalyses,	especially	on	longer	time	scales,	are	
uncertain	and	inconsistent	

• Long-term	trends	of	storminess	from	reanalyses	
often	do	not	agree	with	those	derived	from	
observations	

• few	observations	to	constrain	
	the	models	

… BUT

Example:	SLP	and	assimilated	observations	from	
20CRv3	(ensemble)	at	12	March	1906	21:00	UTC.	
(Isobars	have	a	distance	of	10	hPa)	(Meyer	et	al.,	in	
preparation)
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What	about	reanalysis	data?
• Reanalyses,	especially	on	longer	time	scales,	are	
uncertain	and	inconsistent	

• Long-term	trends	of	storminess	from	reanalyses	
often	do	not	agree	with	those	derived	from	
observations	

• changing	station	density
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Example:	Long-term	NE	Atlantic	storm	activity	in	the	Twentieth	
Century	Reanalysis	dataset	20CR	(black)	and	that	derived	from	
station-based	geostrophic	wind	speeds.	(Krueger	et	al.,	2013)

… BUT
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Figure 2. Time series of cyclone events for three selected regions over the Northern Hemisphere (a–d) and Southern Hemisphere
(e–h). Northern Hemisphere: (a) extra-tropical NH, (b) Northern Europe, (c) North Atlantic and (d) Polar Region (see Figure 1(a)
for NH regions). Southern Hemisphere: (e) extra-tropical SH, (f) Atlantic Ocean, (g) Indian Ocean and (h) Pacific Ocean. (see
Figure 4(a) for SH regions). The bold lines indicate the low-pass filtered time series (with a cut-off frequency of 1 per 31years).
NOAA-20CR ensemble mean is shown as the red thin line, whereas the ensemble spread is indicated as shaded area. The
similarity of the high frequency (HF) is given as correlation coefficients (green values, top of each Figure). Relative differences
(ERA-20C–NOAA-20CR) of linear regression coefficients are given in % events per decade using a common reference period from
1961 to 1990. The coefficients are bold if trends differ in sign. Superscripts* and ^ indicate trends significantly different from zero
(ERA-20C (*) and/or NOAA- 20CR(^)).

© 2016 The Authors. Atmospheric Science Letters published by John Wiley & Sons Ltd Atmos. Sci. Let. 17 : 586–595 (2016)
on behalf of the Royal Meteorological Society.
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Figure 2. Time series of cyclone events for three selected regions over the Northern Hemisphere (a–d) and Southern Hemisphere
(e–h). Northern Hemisphere: (a) extra-tropical NH, (b) Northern Europe, (c) North Atlantic and (d) Polar Region (see Figure 1(a)
for NH regions). Southern Hemisphere: (e) extra-tropical SH, (f) Atlantic Ocean, (g) Indian Ocean and (h) Pacific Ocean. (see
Figure 4(a) for SH regions). The bold lines indicate the low-pass filtered time series (with a cut-off frequency of 1 per 31years).
NOAA-20CR ensemble mean is shown as the red thin line, whereas the ensemble spread is indicated as shaded area. The
similarity of the high frequency (HF) is given as correlation coefficients (green values, top of each Figure). Relative differences
(ERA-20C–NOAA-20CR) of linear regression coefficients are given in % events per decade using a common reference period from
1961 to 1990. The coefficients are bold if trends differ in sign. Superscripts* and ^ indicate trends significantly different from zero
(ERA-20C (*) and/or NOAA- 20CR(^)).

© 2016 The Authors. Atmospheric Science Letters published by John Wiley & Sons Ltd Atmos. Sci. Let. 17 : 586–595 (2016)
on behalf of the Royal Meteorological Society.

Example:	Time	series	of	cyclone	events	for	the	North	
Atlantic	in	20CR	and	ERA-20C	(Befort	et	al.,	2016)

Journal of Geophysical Research: Atmospheres 10.1029/2018JD030083

Figure 2. Wind speed trends over boxes in the North Atlantic and North
Pacific for the assimilated observations (Observation Feedback Archive,
OFA) and both European Centre for Medium-Range Weather Forecasts
twentieth century reanalyses. CERA20C shading represents the full
ensemble range while the line denotes the ensemble mean. The black
dashed line represents the number of observations displayed on a
logarithmic scale.

trends reveals that the magnitude of changes is reduced in the coupled
reanalysis. This might hint to a dampening effect of the ocean or could
be caused by the assimilation of subsurface ocean measurements. The
overall pattern, however, remains unchanged.

Trends are absent almost everywhere in the free model runs ERA20CM
(see Figure 1d), indicating that the trends are not a feature of the model
or stem from the boundary conditions. Instead, they likely originate from
the assimilation of wind speeds and/or sea level pressure data.

An assessment of the seasonal trends yields mostly the same results (see
supporting information Figures S1–S4) . In particular, (C)ERA20C fea-
ture upward trends in the North Atlantic and the North Pacific in all sea-
sons although the December, January, and February trend in CERA20C
is relatively weak. In 20CR, the North Pacific downward trend is seen in
all seasons except of December, January, and February and no season fea-
tures widespread trends in the North Atlantic, although there are a few
patches of upward and downward trends in June, July, and August. As
for the annual values, the free model run ERA20CM is almost completely
trend free for all seasons.

While 20CR and (C)ERA20C agree on the centennial trends of annual
means in the Southern Ocean and the El Niño–Southern Oscillation
region, there is considerable disagreement in most other areas. In partic-

ular, trends of opposite sign are reported for the Northern North Pacific. Similarly, in the North Atlantic
(C)ERA20C shows a very clear upward trend, while 20CR does not feature significant trends. We will
therefore investigate these two regions more closely. Since the assimilation of marine winds is one of the
most important differences between 20CR and ERA20C, we will focus on the assimilated wind speeds in
(C)ERA20C in the remainder of this paper.

3.2. Trends Also Present in Assimilated Wind Speeds
To test the hypothesis that wind assimilation is responsible for the disagreement between (C)ERA20C and
20CR over the North Atlantic and the North Pacific, we display time series of these two regions in Figure 2.
In addition to the reanalysis wind speeds, the assimilated wind speeds from the ERA20C OFA are reported.
For both regions, all three data sets show a significant upward trend between 1900 and 2010. The spread of
the CERA20C ensemble is small at the beginning of the twentieth century (≈ 0.2 m/s) and decays to prac-
tically zero from 1950 onward. In the highly sampled North Atlantic, CERA20C and ERA20C follow the
assimilated wind speeds very closely throughout the entire twentieth century. The results are large scale and
do not depend on the precise location of the grid box as very similar results are found using a northeasterly
shifted box (see supporting information Figure S6). In the North Pacific, the reanalyses deviate substantially
from the OFA in the early twentieth century and around World War II. During these periods of sparse mea-
surements, the observed wind speeds are distinctly lower than the reanalysis. This suggests that the wind
speed assimilation pulls the models toward lower wind speeds in the first half of the century if the number
of observations is high. If the data coverage in the early decades was higher, the reanalysis trends would
thus likely be as high as the OFA trends. After WW2 and approximately between 1920 and 1935, the reanal-
yses are close to the assimilated wind speed observations also in the North Pacific. No significant trends are
found in ERA20CM (not shown).

If the twentieth century is split in two parts, pre- and post-WW2, the trend assessment yields different results
(see supporting information Figure S1). No significant trends are found in the North Atlantic OFA for either
period. However, there is a substantial jump of wind speeds during WW2 and we are not aware of any phys-
ical justification of such a jump. Significant upward trends are still found for CERA20C (both periods) and
for ERA20C (after WW2). The observational record indicates significant upward trends in the North Pacific
for both periods. They are paralleled by the reanalyses after WW2. In the first decades of the twentieth cen-
tury, significant downward trends are found in the reanalyses. They are most likely rooted in the exponential
increase of observations between 1900 and 1930 (see Figure 2).

WOHLAND ET AL. 1935

Example:	Time	series	of	annual	mean	windspeed	for	
the	North	Atlantic	in	20CR	(green)	and	ERA-20C	(red)	
(Wohland	et	al.,	2019)
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STORM ACTIVITY

• Solution: proxies based on air pressure observations 

➡ air pressure less disturbed by surroundings  
➡ air pressure does not change much on small scales  
➡ long time series of measurements available at some 

sites

• triplets (triangles) used to 
derive geostrophic wind speed

Low

High

pressure gradient force

Coriolis force

geostr. wind• atmospheric circulation in midlatitudes 
is mostly geostrophic 

• balance between pressure gradient 
force and Coriolis force 

• pressure gradient determines strength 
of wind speed
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STORM ACTIVITY

Schmidt and von Storch, 
1993 used daily 
geostrophic wind speeds 
to derive annual 
frequency distributions to 
infer about German Bight 
storminess.

Long-term variations of 
the Storm Climate over 
NW Europe 
(Alexandersson et al., 
1998)

• method established
• time series of NE Atl. 

storminess later extended 
to 2007 (Feser et al., 2015)
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• mean sea level pressure from 10 
stations (ISPD) 

• 1875-2016

• 95th/99th percentiles of geostrophic wind speed 
• standardized 
• averaged and lowpass filtered

STORM ACTIVITY

Northeast	Atlantic German	Bight

• mean sea level pressure from 8 
stations (ISPD, DWD, KNMI, DMI) 

• 1897-2018
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STORM ACTIVITY

• rel. high values in the beginning 

• low in the 1960s 

• remarkable increase to the 1990s 

• afterwards decrease to average 
levels 

• annual and decadal variability

Northeast	Atlantic German	Bight

• annual variability higher (artifact 
from different standardization 
periods) with absolute minimum 
and maximum in the 1910s and 
around 1950 (1949 highly active; 
notable events; 1962 also visible) 

• annual and decadal variability 11



STORM ACTIVITY

• if standardized for the same 
periods: 

• annual variability similar, but 
slightly higher for the German 
Bight 

• both decadal variability 

• both show increase from the 
1960s to the 90s, but German 
Bight reaches plateau earlier 

• German Bight afterwards 
decreases to sub-average values

• differences due smaller German Bight region 

• detect more small-scale disturbances (higher variability) 

• last years: German Bight anticyclonic circulation during storm 
seasons

12
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UNCERTAINTY

• digitization errors 
• sampling errors 
• conversion errors (height correction, time zones, 

pressure units)
• errors due to measurement routines

sources of uncertainty

considered through:
• using quality control metadata of the ISPD, of weather services,  

and our own procedures
• mimic uncertainty through bootstrapping
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UNCERTAINTY (RANGE)
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• high values in the beginning 

• higher values 1948-1956 
(NE Atl) 

• decrease in later years 
afterwards and rel. stable 
(higher data quality)

Northeast	Atlantic German	Bight

• German Bight less uncertainty due to higher 
data availability in general



➡ Northeast	Atlantic	storm	activity	is	published	in	
Journal	of	Climate	DOI:	10.1175/JCLI-D-18-0505.1	

➡ German	Bight	storm	activity	submitted	

➡ Ongoing:	Implementing	storm	indices	in	an	online	
monitoring	tool	that	allows	near-real	time	
assessment	of	events 
➡ How have storms changed and what to expect in the future?
➡ What is the contribution from climate change to ongoing events (“Is this still 

weather or already climate change?”)

15

CONCLUSIONS

- why	we	need	(long)	reconstructions	of	past	storm	activity	
- Northeast	Atlantic	storm	activity	from	1875-2016	and	German	Bight	storm	

activity	from	1897-2018	
- no	long-term	trend,	but	multidecadal	variability	
- uncertainty	inherent	in	the	reconstruction	of	storminess

Thank	you!


