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Abstract

A heavy winter storm hit Western and Central Europe in March 1876 (the storm is termed
“Marzorkan”). This paper analyses the meteorological situation during this event using the
Twentieth Century Reanalysis version 2¢ (20CRv2c) data set. The “Mérzorkan” was related
to a low-pressure system that developed over the North Atlantic and moved towards
Scandinavia. Strong westerly winds over Northern Europe were associated with this cyclone.
The impacts of this extreme event originated both from high wind speeds and high
precipitation amounts. A good agreement was found between 20CRv2c and historical reports,
which therefore confirms the applicability of this data set for at least this extreme event.

1. Introduction

In Central Europe winter storms are amongst the most important and destructive
meteorological hazards (Welker and Martius, 2015). In the last decades, heavy storm events
such as “Lothar” (December 1999), “Kyrill” (January 2007; Welker and Martius, 2015) or
more recently “Elon” and “Felix” (January 2015) have caused severe damage. Global
warming might influence preconditions for the formation of extreme winter storms. For
example, current models predict an increase in water vapour content in the atmosphere which
has a cumulative effect on the intensity of a storm front (Wernli et al., 2002). There is
however no consensus about past (e.g., Matulla et al., 2008; Welker and Martius, 2014; Feser
et al., 2015) or future (e.g.,, Dawkins et al. 2016) changes in the frequency or intensity of
winter storms in Europe.
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Figure 1. Part of the weather report 13 March 1876 from the Deutsche Seewarte (Reinert and Koppen, 1876a;
source: Deutscher Wetterdienst).

Because of the rarity of extreme events with an intensity of “Lothar” or “Kyrill”, it is
very important to gather as much information as possible from past storms. A good
understanding of historical winter storms is essential to improve the knowledge of possible
changes in winter storm occurrence in the future. In this paper, a historic storm event, the
“Marzorkan” of 12 March 1876, is analysed as an example (see also Meyer et al., 2017 and
Villiger et al., 2017, in this volume, for other winter storms over Western Europe).

Typical storm weather conditions in Western and Central Europe during the month of
March 1876 fostered the development of an extreme storm from 9 to 11 March affecting parts
of Western and Central Europe. In the morning of 12 March the intensive and destructive
cyclone developed in the southwestern part of England. It then crossed northern France, the
Benelux countries, Germany and Denmark. Figure 1 shows the storm as depicted in the
weather report of the Deutsche Seewarte (Jelinek and Hann, 1876; Lowinski, 2007; Reinert
and Koppen, 1876a, 1876b). According to Lowinski (2007) a wind gust with over 170 km/h
was measured in Brussels on 12 March 1876.

The “Maérzorkan” hit several densely populated areas and important industrial locations,
causing severe damage. It destroyed numerous buildings, bridges and telegraph circuits. In
particular the heavy rainfall caused widespread damages in the affected areas of the storm.
Many cities were flooded, for example Koblenz shown in Figure 2, and high water levels
were recorded in most of the rivers in the former German Reich (Jelinek and Hann, 1876;
Lowinski, 2007).

The “Marzorkan” was investigated in several studies, both contemporary and present
(e.g., Jelinek and Hann, 1876; Lowinski, 2007; Scott, 1877). According to these reports, it is a
typical storm event with a characteristic storm track and wind speeds at similar levels
compared to other European winter storms in the last centuries (Jochner et al., 2013; Lamb
and Frydendahl, 1991; Schneider et al., 2013; Welker and Martius, 2015; Wernli et al., 2002).
At this point it should be noted that the “Mérzorkan” is not mentioned in the book of Lamb
and Frydendahl (1991) Historic storms of the North Sea, British Isles, and Northwest Europe.

The aim of this paper is to examine the “Mairzorkan” in the Twentieth Century
Reanalysis version 2c (20CRv2c) dataset (Compo et al., 2011). Particularly in the early
decades, the quality of 20CRv2c needs to be assessed carefully. The present paper provides a
case study of the representation of a heavy storm event in the 19" century in 20CRv2c.
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Figure 2. City of Koblenz, Germany, 12 March 1876 (from Stadtarchiv Koblenz, https://www.koblenz.de/
stadtleben_kultur/stadtarchiv_eisenbahnsaeule hochwassersaeule.html).

This paper is structured as follows. In Section 2, an overview about the data and methods
used is given. The results are described in Section 3, which are then discussed and compared
with other analysis in Section 4. Finally, conclusions are given in Section 5.

2. Data and Methods

The data used in the paper is the version 2c of the Twentieth Century Reanalysis (20CRv2c).
20CR is a global atmospheric dataset based only on the assimilation of surface and sea-level
pressure (SLP) observations. An Ensemble Kalman Filter is used to assimilate the
observations into the NCEP/GFS model (Saha et al., 2010), which uses sea-surface
temperature (Giese et al., 2016) and sea-ice distribution as boundary conditions. The dataset
has a six-hourly temporal resolution and a 2° x 2° latitude-longitude spatial resolution, 28
vertical levels and spans back to 1851 (Compo et al., 2011). The introductory paper to this
book (Bronnimann, 2017) provides more details on this and other data sets used in this book.

The paper focuses on the variables 10-m wind speed, 850 hPa wind speed (note that this
was calculated from the ensemble mean, not the individual members, and thus cannot be
compared quantitatively with other data sets, although the time evolution should still provide
meaningful results; see Bronnimann et al., 2013), SLP, and 500 hPa geopotential height
(GPH). Additionally, daily precipitation is considered since floods were responsible for much
of the damage. The domain of study and the stations used for the 20CRv2c assimilation for
the assimilation interval at the peak of the storm are shown in Figure 3. The station network
was still rather sparse in 1876 (see Meyer et al., 2017, for the same plot for 1881). For most of
the analyses in this paper the ensemble mean is used, but we also analysed the ensemble
spread (i.e., standard deviation) and for some analyses the individual ensemble members.
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Figure 3. Domain of study, orography as represented in 20CR, and pressure observations assimilated into
20CRv2c on 12 March 1876, 6 UTC.

In order to track the storm, the pressure minima of the secondary pressure low of each
time step from 12 March, 6 UTC, until 13 March, 12 UTC, was plotted. Further, the location
of the minimum pressure was interpolated using the following equation (Eq. 1) for longitude
and latitude separately, as proposed by Neff et al. (2013).

p,— P,
2-p0—max(p_1,p1)| (1)

¢min :¢0 _A¢

Here, p-1 and p; refer to the pressure at the grid points north and south (west and east), of
the minimum in the gridded pressure field po, the latitude (or longitude) of po is expressed by
o, and A is the spatial resolution of 20CR (i.e., 2°).

For further analyses the 20CRv2c¢ results were compared to historical weather maps. We
used the information published in Scott (1877) as well as maps issued by the Deutsche
Seewarte (Reinert and Koppen, 1876a, 1876b).

3. Results

Based on the analysis with 20CRv2c, in the evening of 8 March 1876 a low-pressure system
was located north of Great Britain (not shown). During 9 March it strengthened and moved
eastwards towards Scandinavia.

The depression reached its minimum pressure (~945 hPa) in the evening of 9 March.
Accordingly, the geopotential height at 500 hPa was very low, around 4900 gpm. 48 hours
later, the SLP at the centre had already increased to around 970 hPa (Fig. 4). On 12 March a
secondary low-pressure system formed in southern England as shown in Fig. 4 (bottom left).
During the next 24 hours this secondary low moved over the British Channel, the Benelux
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Figure 4. Sea-level pressure (contours) in hPa and geopotential height (colour shading) at 500 hPa during the
“Marzorkan” of 1876. Panels show the situation on 9 March, 6 UTC (top left), 11 March, 6 UTC (top right), 12
March, 6 UTC (bottom left) and 13 March, 6 UTC (bottom right).

countries, Germany and towards the south-eastern part of the Baltic States (Fig. 4, bottom
right). The track of the pressure low's minima during the main storm event on 12 March
follows a clear path leading from Southern England over the British Channel to Northern
France, the Benelux countries on to Germany and Denmark (Fig. 5). In Figure 4 (top left and
top right) high pressure gradients over the Atlantic appear as well. In parallel, as the low-
pressure system over Scandinavia weakened and a secondary low developed, the pressure
gradient of the main low weakened and the gradient south of the secondary low over Benelux
strengthened.

While Figure 4 shows the ensemble mean, we also analysed the ensemble spread. During
the period of the storm, the ensemble spread of SLP remained below 2 hPa over almost the
entire analysis domain except towards the central North Atlantic (not shown).

On 9 March the strong pressure low over the UK and the high pressure gradients caused
heavy north-westerly winds off the coast of Ireland and south-westerly winds (>30 m s™ at
850 hPa) from the eastern Atlantic to Germany (Fig. 6). The strength of the winds decreased
on 11 March as the pressure low weakened. On 11 March wind speeds with values between
12.5 and 17.5 m s™ appear in 20CRv2c (Fig. 6). On 12 March, the secondary low caused
strong westerly winds over the Atlantic towards the French Coast with wind speeds around 25
to 30 m s (Fig. 6). These winds weakened with the storm's progress onshore. Maximum
wind speeds with approximately 26 m s are found in 20CRv2c over northern France and

northern Germany. On 13 March wind speeds above 20 m s™' still occurred over Poland (Fig.
6).
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Figure 5. Track of the storm’s pressure minima in the ensemble mean. The leftmost point indicates the storms
position at 12 March 6 UTC and the rightmost point at 13 March 12 UTC, time steps between the points are 6
hours.
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Figure 6. 850 hPa wind speed (colour shading) in m s!' and wind direction during the “Mérzorkan” of 1876.
Panels show the situation on 9 March 6 UTC (top left), 11 March 6 UTC (top right), 12 March 6 UTC (bottom left)
and 13 March 6 UTC (bottom right).
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Figure 7. Time series of sea-level pressure in hPa (top) and 10-metre wind speed in m s in 20CRv2c at the
location of Brussels. The solid line and grey shading denote the ensemble mean and range.

SLP and 10-metre wind speed for the storm period were extracted from 20CRv2c¢ for the
location of Brussels (Fig. 7). Note that in this case, wind speed was calculated from the
individual ensemble members. The evolution of these variables shows a first drop in pressure
on 9 March (~985 hPa) and wind speeds around 17 m s™'. A second drop in pressure linked to
the secondary low is visible on 12 March (~983 hPa) with associated winds of ~12 m s'. The
range of the 56 ensemble members amounts to around 5 hPa and 6 m s™', respectively. The
ensemble range is much smaller than the variations for SLP, but less so for wind speed.

On 9 March the highest amounts of precipitation fell around the pressure low southwest
of Scandinavia and over Germany as can be seen in Figure 8. Up to 26 mm d”' fell around
Koln. On 11 March, 20CRv2c¢ displays almost no precipitation (Fig. 8, top right). However,
again on 12 March, a considerable amount of precipitation of approximately 14 to 18 mm d’'
fell in France and Germany, roughly where the location of the storm can be assumed (Fig. 8,
bottom left). The plot of 13 March does not show any strong precipitation event (Fig. 8,
bottom right).

4. Discussion

Only sparse observations informed the 20CRv2c dataset, which in addition is based on a
relatively coarse resolution model. Thus, the accuracy of the results obtained with 20CRv2c
during the “Mérzorkan” of 1876 is an interesting test case. Therefore, in this section the
20CRv2c¢ reanalysis data is compared to scattered quotes in literature, the weather maps of the
Deutsche Seewarte (Reinert and Koppen, 1876a, 1876b) (Fig. 9) and the maps created by
Scott (1877) based on the measured data.
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Figure 8. Daily precipitation accumulation in mm during the “Mérzorkan” of 1876. Panels show the situation on 9
March 6 UTC (top left), 11 March 6 UTC (top right), 12 March 6 UTC (bottom left) and 13 March 6 UTC (bottom
right).

According to the values in Scott (1877), the low-pressure system that initiated the
“Miérzorkan” lay north-east of Scotland in the morning of 9 March with a pressure value in
the centre around 28.1 inches of mercury (inHg), which corresponds to approximately 950
hPa (Fig. 10, top left). As mentioned in Section 3, the ensemble mean of 20CRv2c shows a
similar value with 945 hPa, which is thus in good agreement. Scott (1877) also describes the
same track of the pressure minimum and equal pressure values during the following days
(Fig. 10, top right). The historical pressure map (Fig. 10, bottom left) also proves the
development of a secondary low on 12 March over South England. On the same day, Scott
(1877) and Lowinski (2007) describe a fast movement of the pressure minimum from
Southern England over the British Channel to Northern France, the Benelux countries to
Germany and Denmark. This path is very similar to the one obtained with 20CRv2c data (Fig.
5). The lowest pressure value measured on 12 March at 8 UTC, according to Scott (1877),
was 28.62 inHg (= 970 hPa). In 20CRv2c the minimum is around 980 hPa and is located
slightly more to the north. Both historical and 20CRv2c pressure maps show that in the
morning of 13 March the depression had continued towards the south-eastern part of the
Baltic States and the pressure values were around 970 hPa in the ensemble mean of 20CRv2c¢
(Fig. 9, bottom right) and 965 hPa on historical charts. As stated by Scott (1877), it is a
remarkable fact that the values of the pressure minimum recorded over the various places
along the storm track were almost identical.
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Figure 9. Weather report on 12 March 1876 from the Deutsche Seewarte (Reiner and Koppen, 1876b; source:
Deutscher Wetterdienst).

The location of the pressure lows is well depicted in 20CRv2c but the pressure gradient
is underestimated in the ensemble mean. This might explain why 10-m wind speeds in
20CRv2c are slightly lower than the observed values (note that wind speed in Fig. 7 is
calculated from the ensemble members). Comparing 10-m wind speed between observations
and 20CRv2c is difficult due on the one hand to issues of horizontal, vertical, and time
resolution in 20CRv2c (e.g., the lowest model level in 20CRv2c is at ca. 40 m and the 10-m
wind is parametrized; given the coarse 2° resolution, surface roughness might not be locally
representative; wind refers to the model state at a given time, not a maximum such as for wind
gusts) and to observation uncertainties (station surroundings have a strong effect on wind
speed, the exact height of the anemometer is mostly unknown, wind measurements are highly
uncertain). This is discussed in the following.

According to Lowinski (2007) in northern and western France, northern and central
Germany and Denmark mean wind speeds between 17.2 and 28.2 m s have been reported
during the “Mérzorkan”. The averaging time used by Lowinski (2007) is not known. The
maximum values of 10-m wind speed over land in Europe in 20CRv2c in the ensemble mean
(calculated from the individual ensemble members) are around 15 m s™'. A strong wind gust
over 170 km h™' (48 m s') was measured on 12 March 1876 in Brussels (Lowinski, 2007),
whereas 20CRv2¢ on that day shows a maximum ensemble mean wind speed of 15 m s
(highest member 19 m s™) in the area over Belgium (Fig. 7). This difference may be due to
the fact that the observation represents a single gust, while 20CRv2c gives a state value
representative for a three-hour interval.
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Figure 10. Sea-level pressure maps drawn by Scott (1877). Contours are in inHg.

During the “Mirzorkan” not only wind speeds but also precipitation led to serious
damages (Jelinek and Hann, 1876; Lowinski, 2007; Scott, 1877). According to Scott (1877),
0.9 inches of rain (22.86 mm) fell within 6 hours at Plymouth in the night from 11-12 March.
This corresponds only little with the values obtained by the 20CRv2c data. The literature
quotes indicate much more precipitation. They refer to persistent and heavy rainfall events
which led to high water in numerous rivers, causing flooding (Jelinek and Hann, 1876;
Lowinski, 2007; Scott 1877). The three-hourly precipitation rates in 20CRv2c (ensemble

mean) amounted to ca. 14-18 mm d”', which is considerably less.
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5. Conclusions

The comparison of the 20CRv2c¢ data set with historical reports shows that they are in good
quantitative agreement. The results obtained with 20CRv2c give a plausible overview of the
meteorological situation that caused the “Mérzorkan” of 1876. This concerns especially the
development of the low-pressure system, including its track from the North Atlantic over
Great Britain, France, the Benelux Countries and Germany towards Scandinavia. The values
of the pressure minima are slightly overestimated in 20CR.

While it is remarkable that a good agreement of the evolution is found despite the coarse
resolution of the reanalysis and the sparse observations that contributed, there are differences
between observations and 20CRv2c arguably due to these factors. Phenomena that develop on
a smaller scale, such as precipitation, seem to be difficult to capture realistically with
20CRv2c. The accuracy of the results about precipitation obtained in this paper is
unsatisfactory. In particular with regard to the wind speeds depicted with 20CRv2¢, the
analysis shows that the number and locations of observations included in 20CRv2¢ might play
a role. For further analysis it would be interesting to consider the individual ensemble
members in more detail. Nevertheless, the reanalysis of the “Mérzorkan” of 1876 confirms
the applicability of 20CRv2c at least for analysing the storm development for this extreme
case.
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