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ABSTRACT. Between the late Little Ice Age (LIA) cold stage and the early 20th
century warmer scenario, a transitional regime characterized by an unstable
climatic pattern generated a series of climate extremes affecting mid-latitude
mountainous areas, as the Asturian Massif. There, the 1888 snow avalanche
cycle appears as the most significant event, standing out among the rest of ava-
lanche cycles recorded in this area during the 1800-2015 period both in terms
of the number of damaging avalanches and damages caused by them. Among
the factors that explain this event stands out the orographic precipitation phe-
nomenon; the interaction of a cold and wet air mass originating from the North
Atlantic with the relief of the Massif, which led to extraordinary snow thicknes-
ses (>2 m) at very low altitudes (500 m a.s.l.), especially in the north-facing,
Asturian versant of the Cantabrian Mountains. This allowed the triggering of
avalanchesin slopes gentler and in lower altitudes than usual, covering longer
distances; consequently, avalanches reached more easily the settlements, gene-
rally placed at the bottom of the valley or in middle slope positions. The greater
impact on the settlements, which suffered 84% of the damages, was the cause
of this episode’s high socioeconomic impact (29 people dead, 34 injured, 123
heads of cattle dead, 124 buildings destroyed). These events occurred at a time
when the mountain villages were highly populated and subjected to intense ex-
ploitation, coinciding with the development of new communication infrastruc-
tures in the upper parts of the Massif. Therefore, the 1888 episode constitutes
a good example of both the impact of hydrometeorological events in mountain
environments under high demographic pressure, and of climate extremes invol -
ved in atransition period from cold to warmer weather conditions.
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Un evento extremo entre la Pequefia Edad de Hielo y el siglo XX: el ciclo de
avalanchas de 1888 en el Macizo Asturiano (norte de Espafia)

RESUMEN. Entre la Pequefia Edad de Hidlo (PEH) y las primeras décadas del siglo
XX, un régimen de transicion climatica caracterizado por su inestabilidad generé una
serie de eventos extremos que afectaron a las zonas montafiosas de latitudes medias,
como & Macizo Agturiano. Alli, € ciclo de aludes de 1888 fue € acontecimiento mas
significativo, destacando entre el resto de ciclos de avalanchas registrados en esta drea
entre 1800 y 2015 tanto por € ndmero de avalanchas dafiinas que se registraron como
por los dafios que estas causaron. Entre los factores que explican este acontecimiento
destaca el fenomeno de las precipitaciones orogrdficas; la interaccion de una masa de
aire frio y himedo (procedente del Atlantico Norte) con € relieve del Macizo, condujo
a espesores de nieve extraordinarios (> 2 m) a muy bajas altitudes (500 m sn.m),
especialmente en la vertiente asturiana (orientada al norte). Esto permitio € desenca-
denamiento de avalanchas en pendientes més suaves 'y a altitudes més bajas de lo ha-
bitual, cubriendo distancias maslargas que en otros episodios. En consecuencia, estas
avalanchas alcanzaron més facilmente los asentamientos, tradicionalmente situados
en e fondo dd valle o en posiciones de media ladera. El mayor impacto en los asenta-
mientos, que sufrieron € 84% de los dafios, fuela causa del alto coste socioecondmico
de este episodio (29 personas muertas, 34 heridas, 123 cabezas de ganado muertas,
124 edificios destruidos). Estos acontecimientos ocurrieron en un momento en que los
nucleos de montafia estaban muy pobladosy sometidos a una intensa expl otacion, coin-
cidiendo ademéas con € desarrollo de nuevas infraestructuras de comunicacion en las
partes altas del Macizo. Por lo tanto, € episodio de 1888 congtituye un buen gemplo
tanto del impacto de los eventos hidrometeorol dgicos en ambientes montafiosos bajo
alta presion demogrdfica, como de los eventos extremos propios de un periodo de tran-
scion de condiciones climaticas friasa més calidas.
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1. Introduction

The study of past climate-related natural disasters is of great importance, allowing
us to measure the magnitude of extreme future climatic events, as well as plan our
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response to them (Brazdil et al., 2005). The 1888 snowfall episode was undoubtedly
the most extreme climatic event of the last 200 years experienced in the Cantabrian
Mountains, with a great impact also on places such as the Northeast Coast of the United
States (Kocin, 1983; Fisher et al., 2013; Michaelis and Lackmann, 2013, among others).
Nonetheless, little is known about its impact on Europe, where the literature on the event
is sparse (Héchler, 1987; Roveyaz et al., 2013) and, until the last decade, even less was
known about its impact on the Iberian Peninsula (Garcia-Hernandez et al., 2014, 2016
and in press).

The Little Ice Age (LIA) includes the period spanning from the 14th to the late
19th centuries characterized by enhanced climate variability with respect to present-day
conditions (Mann et al., 2009). Severe cold spells, snowstorms, floods and droughts
affected the European continent causing substantial socioeconomic damages (Fagan,
2002). Within this context, cold-climate hazards were more frequent and intense than
today, particularly those related to frost and snow (Lockwood €t al., 2017). Of all the
events that can be triggered during a snowstorm, snow avalanches stand out as one
of the most dangerous phenomenon. Accordingly, the study of avalanches from a risk
perspective is necessary in mountain regions characterised by the presence of a number
of villages and communication infrastructures, particularly with the increased use of
these areas as a result of the practice of mountain sports (Haegeli et al., 2010; Techel et
al., 2016; Holler, 2017). Widespread avalanche cycles, while concentrated in only a few
days, have the potential to cause damages over an entire region (Birkeland and Mock,
2001), and the comprehension of both their links with climatic factors and their spatial
extent and severity, can facilitate avalanche forecasting and risk mitigation (Fitzharris
and Bakkehgi, 1986; Holler, 2009; Garcia et al., 2009; Eckert et al., 2011; Oller et al.,
2015). Thus, the study of avalanche cycles must be a priority for medium and high
altitude mountainous areas, which have previously witnessed extreme events, since the
recurring risk is high and their socioeconomic consequences can be huge.

Despite the current absence of research studies in steep slopes of the main European
mountain ranges, densely populated and particularly prone to avalanches (Fuchs et al.,
2017), it is unlikely that severe avalanches did not occur during the 1888 snowstorms. The
Asturian Massif, situated in the northwest of the Iberian Peninsula, inside the Cantabrian
Mountains, is a mountainous area largely exceeding 2000 m a.s.l. in many places, covering
a wide area in altitudes between 1000 and 1500 m a.s.l. In such altitudes, annual snowfall
is significant and, combined with steep terrains characterised by prominent unevenness,
very deep valleys and slopes of considerable inclination, can lead to the triggering of
large avalanches. This poses a significant risk nowadays, but it certainly posed a greater
risk in the late 19th century, a period when the rural mountain areas were densely
populated (Lopez, 1981), while communications in the area were affected by an impulse
(Rodriguez, 1984).

This study aims to fill the current existing gap in the knowledge relating to the most
extraordinary snowfall and avalanche episode experienced by the Cantabrian Mountains
during their recent history. Hence, the specific objectives of this study are the following:
i) to define the weather, topographic and social factors involved in the triggering of
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these snow avalanches; ii) to describe the physical parameters of the avalanches; iii) to
establish their socioeconomic impact; iv) to map the spatial distribution of events and
the damages caused.

2. Methods

Essentially, data was collected from three sources: i) news from sixteen regional
and national newspapers, published between 10 February and 30 May 1888; ii) obituary
books from 23 mountain parishes in the Asturian Massif; iii) daily temperature and
rainfall data obtained from a total of 82 personal interviews conducted in 42 different
villages affected by avalanches during the episode.

Other contemporary sources, such as cartography and old pictures and prints, were
used to support the fieldwork in which the trajectory of some of the avalanches was
reconstructed, based on oral testimonies and geomorphological evidences. All relevant
information was subsequently entered into a database, statistically processed and
introduced in a GIS. These data allowed us to determine the location and damages caused
by 69 avalanches, as well as the starting point, aspect, release angle (0), average angle
over the run of the avalanche (), and horizontal distance covered by 27 avalanches from
the original study.

In order to determine the unique nature of this episode, it was compared to other
episodes that have occurred in the Asturian Massif (Fig. 1). In order to do this, data was
obtained and used from a database containing information on the location and damage
caused by 291 avalanches that affected the area between 1800 and 2015. Such database
also provided information about the path of 126 of these avalanches. The sourcing of
this information, contained in the database, has been expanded upon in a previous study
(Garcia-Herndndez et al., 2017a). The following criterion was applied so that we could
define the existence of a damaging episode: the occurrence of at least four avalanches
causing material or personal damages, with a time-frame of no greater than six days.

For statistical processing, we used the R software to create a classic descriptive
analysis, applying robust statistical methods and winsorized means. Using the Tukey
method (Tukey, 1977), where the extreme values of distribution are characterized
as “high” (Eq. 1) or “far-high” (Eq. 2), we detected extreme, as to their damages,
avalanches. A damage index (DI) that allows us to quantify the impact caused, by making
it comparable and fit for charting and mapping, was created to assess the evolution of
the damages caused by the avalanches. The DI was configured following the method
used by Garcia-Herndndez et al. (2017), in which the total damage (TD) results from the
synthesis of the personal and material components of the damage, giving more weight
to the former (Eq. 3).

Eq. 1: High = 75th percentile (P75) + 1.5*Intercuartile Range (IQR)
Eq. 2: Far-high = P75+3*IQR
Eq. 3: TD= 0.8*PD+0.2*MD
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Figure 1. Location of events which occurred during the 1888 episode, and the rest of the docu-
mented avalanches in the study area between 1800 and 2015.

Lastly, the synoptic situations at 500 and 850 hPa corresponding to the 1888 episode have
been analyzed using the data shown in the repository www.wetterzentrale .de (obtained through the
NOAA 20th Century Reanalysis project), for the period between 13 February and 9 April 1888.

3. Results

3.1. Snhow weather conditions and synoptic situation

The episode occurred in the context of a series of snowstorms that took place from
14 February to 8 April 1888. The first snowstorm started on 14 February in towns located
at altitudes over 600 m a.s.l., where the snow thickness exceeded 5 m. The storm subsided
between 21 and 23 February, even though the average temperatures did not increase
significantly, remaining under 3.5°C in Oviedo (231 m a.s.l.). From 24 to 29 February the
intense snowfalls returned, especially on 27 (when the average temperature reached its lowest,
-0.9°C) and on 28 February, when the snow accumulated at a rate of 10 cm per hour in areas
located over 500 m a.s.l., resulting in a snow accumulation of over 50 cm in a single night.
During this second snowfall, the snow thickness exceeded 5 m in villages such as Pajares
(970 m as.l.), located in the Massif’s central area. These initial two storms were caused by
a depression that moved diagonally from the British Isles towards the Mediterranean and
Northern Africa (Fig. 2A and 2B). The passage of this depression pushed northbound winds
that were humid, and consisted of temperatures lower than -5°C at 1500 m a.s.l., i.e. the
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sort of winds that encourages low altitude snowfalls. Such conditions of low-pressure areas
concentrated in the Iberian Peninsula, with a lot of cold air and instability, persisted during the
second fortnight of February (Fig. 2C). Later on, until mid-March, high pressures associated
with the Azores anticyclone created the conditions for atmospheric stabilization, spreading to
the Mediterranean basin in an elongated arrangement W-E (Fig. 2D). The synoptic situation
in question fostered a gradual increase in temperatures, to an average of about 10°C between
the days 7 and 14, as well as sunshine.

SRRRRLELRASRENDERERSE

i
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Figure 2. Synoptic situation of days 14, 16 and 27 February; 3 and 16 March; and 5 April 1888. Images
contained in the Wetter zentral e archive, obtained from the project NOAA 20th Century Reanalysis.

From approximately 14 March, however, conditions started to progressively change
with a low-pressure area that moved from the British Isles towards central Europe and
Italy. Ultimately, when this very cold north-northeast air reached the Cantabrian Sea,
it was very humid, thus prompting a new episode of snowfalls in the mountain range
(Fig. 2E), which lasted until 21 March. At first, the snow began falling intermittently at
over 500 m a.s.l. (precipitation fall in the form of rain and hail in lower altitude areas).
Snow precipitation became widespread and more intense from 18 to 21 March, with a
significant decrease in average temperature, which were at their lowest on 20 March
(0.7°C). Throughout this second snowstorm, in areas over 500 m a.s.l., recently fallen
snow was more than one metre deep, reaching 2.6 m depth in areas over 1000 m a.s.l.,
where thicknesses as deep as 8 m (accumulated from the previous three storms) were
recorded on 22 March. From 23 March onwards, temperature began to increase again
(generally remaining above 6°C average in Oviedo), due to the high pressures associated
with the Azores anticyclone. The situation started to switch once more on 4 April with
the entrance of a squall descending from the North, bringing cold and humid air and
causing one last snowstorm episode (Fig. 2F), which was particularly intense between
4 and 6 April. It was not until 7 April that the atmosphere became stable and the depression
displaced northwards. On 8 April, snow thickness exceeded 3 m in areas over 500 m a.s.l.,
and reached 5 m in some Picos de Europa villages such as Sotres (1050 m a.s.l.).
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During the storms, there was a clear connection between the gain in altitude and the
increase in the snow depth. This phenomenon can be observed in Table 1, which links
altitude with maximum thicknesses achieved during the episode of snowstorms in 1888
in the cores of the Pajares valley (Lena municipality). Moreover, during the first three
snowstorms, in particular, strong blizzards resulted in the formation of big snow cornices
and snowdrifts of more than 10 m high.

Table 1. Villages in Pajares valley, altitudes and maximum accumulated snow depth.

Municipality Altitude (m as.l.) Snow depth (m)
Pola de Lena 322 0.84
Campomanes 390 1
Puente de los Fierros 500 1
Malvedo 550 1.1
Congostinas 675 3
Linares 900 32
Navidiello 950 4
Pajares 1000 8

3.2. Damaging avalanche episodes in the Asturian Massif

Applying the criteria for defining the existence of a damaging episode, established in the
methodology section, we have detected 14 episodes from 1800 to 2015. The duration, number
of events and total rate of accumulated damage of each of those episodes are shown in Table 2.
There, we can see that the 1888 episode lasted for 53 days during which 69 damaging avalanches
occurred and the maximum snow depth was recorded (8 m accumulated after the third storm).

Table 2. Damaging episodes detected between 1800 and 2015.

Stg;iing End date Number of days VBL e ng,]ebnetl; of Max, S?n(;;v depth
15/02/1888 07/04/1888 53 410.6 69 8
07/01/1895 04/02/1895 29 92.0 20 7
02/04/1910 06/04/1910 5 105.2 4 6
20/02/1931 26/02/1931 7 04 6 25
27/02/1934 07/03/1934 9 454 7 1.5
03/03/1936 09/03/1936 7 10.6 5 4
09/01/1945 20/01/1945 12 93.0 15 L5
02/02/1954 20/02/1954 19 3.6 7 6
09/12/1990  12/12/1990 4 17.8 7 7
01/03/1993  15/03/1993 15 34 4 1.5
19/02/1996  25/02/1996 7 24 5 1.6
26/02/2005 07/03/2005 10 24 16 37
04/12/2008 16/12/2008 13 12 6 1
31/01/2015 01/03/2015 30 24 25 2.25
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In order to define and compare the importance of these episodes, we have created
a ranking by changing the scale (from 1 to 10) allowing us to homogenize the range of
values taking into account the duration (Fig. 3A), the number of events (Fig. 3B) and
the damage they caused (Fig. 3C). Finally, for the elaboration of the average ranking
(Fig. 3D) we only considered the last two factors, given the high correlation coefficient
between duration and number of events (0.836). Ultimately, it can be observed that the
1888 episode is the most significant of those having occurred in the Asturian Massif
between 1800 and 2015, both in terms of the number of avalanches and the damage
it caused. In the same ranking, this episode is 1.7 points away from the second most
important episode (which occurred in January 1895), but comprised twice the number of
events and caused four times the amount of damage.

Duration

®

Damage

400 1835/02

250

1910/04
© qmasm
189501

vy Average

Figure 3. Duration ranking (A), ranking of damage caused (B) and average ranking of episodes (C).
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If we evaluate the damage caused by the avalanches as individual events (apart
from the episodes during which they occurred), applying the Tukey (1977) criteria
we can detect 36 atypical or extreme avalanches (in terms of damage caused),
between 1800 and 2015: 16 high avalanches and 20 far-high avalanches (Fig. 4). 24
of them happened in the 19th century. Of these avalanches, 50% of high and 40% of
far-high belong to the 1888 episode, which resulted in 35% of the damage caused by
this kind of avalanches.
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Figure 4. Annual distribution of avalanche number in the Asturian Massif between 1800 and
2015 (A) and the damage caused by them (B).

3.3. The geographic distribution of the 1888 episode

Taking into account the geographic distribution of the phenomenon of avalanches in
this area from 1888 to 2015 (Fig. 1), during the 1888 episode few damaging events can
be observed in the Ledn, south-facing versant of the Asturian Massif. We also observe a
minor concentration of events in the eastern sector (which was only hit by two damaging
avalanches in 1888), and a major concentration in the central and western sectors of the
Massif. These two sectors of the Massif’s Asturian slope (north-facing) concentrated
practically every extreme avalanche of the 1888 episode. The western sector, in particular,
was hit by eight high and far-high avalanches. Nonetheless, the eastern sector, which
concentrated numerous high and far-high damaging avalanches in other episodes, only
experienced three in 1888 (Fig. 5).
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Figure 5. Chart showing the location of the avalanches which have caused extreme damage in
the Asturian Massif, differentiating those belonging to the 1888 episode from those occurring in
different years.

3.4. Physical parameters: comparison with other episodes and relationship with climate
conditions

With regard to differences in physical parameters in terms of the rest of the episodes,
it is found that the avalanches relative to the 1888 episode tended to generally occur in
south- and east-facing areas (7% more for southwest, 3% more for south and 12% for
east) (Fig. 6A). Thus, these orientations were those that suffered most of the damage
(Fig. 6B). Furthermore, the avalanches were triggered at altitudes lower than the rest
of the cases (average of 1381 m a.s.l. as opposed to 1490 m a.s.l.) and reached lower
areas (848 m a.s.l. versus 974 m a.s.l.) since they covered, in general, longer runout
distances (average distance of 1431 m a.s.l. versus 1190 m a.s.l.). Also, the slopes had
lower angles, both average angles (a): 30° versus 32°, and release angles (0): 32° versus
36° (Fig. 7).
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Figure 6. Number of events (A) and damage rate (B) for all events between 1800 and 2015, and
only for 1888, in terms of orientation.
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Figure 7. Distribution of (A) release altitudes; (B) horizontal distance; (C) angles a; and (D)
angles 0, comparing 1888 with the rest of the 1800-2015 sample.

The avalanches tended to occur particularly in areas with maximum accumulated
snow depth between 3 and 5 m (average of 2.3 avalanches per day; Fig. 8A). Essentially, the
most serious damages were concentrated at altitudes with a snow depth between 1.5 and 2.9 m,
with a daily average rate of 6.8 per avalanche (versus a rate of 4.5 between 2 and
2.9 m; and 0.5 between 3 and 3.9 m) (Fig. 8B). Regarding temperatures, avalanches
were more damaging when the average temperature at 231 m a.s.l. was below 3°C
(average rate per avalanche of 5.2 versus 2.6 when the temperatures were over 8°C)
(Fig. 8C). Moreover, the avalanches covered longer runout distances when temperature
remained in this range (average of 1727.2 m versus 1245.5 m when the temperature rose
above 8°C) (Fig. 8D).
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Figure 8. A) Number of avalanches per day in terms of maximum average thickness recorded
per day; B) rate of accumulated damage per avalanche and day, in terms of maximum average
thickness recorded per day; C) rate of accumulated damage per avalanche and day, in terms of

average temperature at 231 ma.s.l.

In order to search for groups of days when the avalanches were highly frequent
(above the standard rates which, in this case, is 48.1% of the days) we resorted to
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decision trees. In order to do this, we establish the limit in groups of, at least, five days.
This allows us to identify the most decisive weather conditions for avalanche occurrence,
taking into account daily precipitation and temperature data in Oviedo (231 m as.l.)
and precipitation averages (six-day and three-day moving average) of days three and
six prior to the triggering. We then established that the daily temperature appears to
be the most determining condition (when it is <1.25 °C the probability increases to
83.3%). Increased temperature, however, is also linked to an increase of probability
provided that precipitation is scarce (75% when the temperature was >1.25 °C and the
daily precipitations <4.13 mm) (Fig. 9A). When the selected response variable is not the
occurrence of daily avalanches, rather the occurrence of avalanches in a three-day span,
the importance of precipitation is still insignificant (Fig. 9B). In fact, the highest increase
of avalanche probability (from 84.6% to 96%) occurred when the moving average of
precipitation for the six days previous was <0.68 mm.
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Figure 9. Decision trees showing the most decisive weather conditions; A) for avalanche daily
occurrence; B) for the occurrence of avalanches in a three-day span.

3.5. The most damaging days during the 1888 episode

Seven of the 53 days of the snow avalanche episode concentrated 54% of the
avalanches and 72% of the damages; 11 of the 1888 episode’s far-high/high avalanches
occurred during these days, as well as 30% of the total far-high/high avalanches
which occurred from 1800 to 2015. The physical parameters and climate conditions
of these days are summarized in Table 3. The highest number of damaging avalanches
(9) occurred on 5 March, although the greatest total damage and greatest damage per
avalanche accumulated occurred on 27 February. On that day, the average temperature
was the lowest recorded in Oviedo (231 m a.s.l.) during the whole episode (-0.9°C).
Also, the avalanches were triggered at higher altitudes and in slopes with lower angles,
covering longer horizontal distances (Table 3).
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Table 3. Extreme days in terms of number of snow avalanches and damages.

Mean Max
Date Avlanches Ol DI Tott MUK i, . Mean Prevaiing V- Snow
value DI mas.l. (m)  angle (°C) (m)
22/02 6 268 447 4 17384 4034 345 422 E 22 4
27/02 7 1728 24.69 29 1812.52 244505 28.57 2835 SW -0.9 4
05/03 9 1346 1496 22 1440.34 1778.66 31,08 34.54 E 58 3
09/03 5 172 344 3 13.8 24
22/03 5 98 196 2 833.95 648 31.55 33.75 SE 3.8 6
11/03 3 278 927 5 861.9 994.7 30.7 37 E 94
26/02 3 41 1367 7 12004  2008.1  28.6 31.8 S 1 2.5

Of the most damaging avalanches, the three which occurred in the Lena municipality
on 27 February 1888 should be highlighted: (i) The first avalanche occurred at 2:00 a.m.
near the village of Pajares; after being triggered in the source of the Matarredonda stream,
it flowed through the valley and destroyed the railway viaduct (> 100 tons and 40 m width)
(Fig. 10). From the point of impact, the avalanche descended more than 1 km until reaching
the bottom of the valley where the remnants of the viaduct were deposited, though parts of it
were found more than 3 km away from its original location. (ii) At noon, a second avalanche
was triggered at the valley’s highest point through which the Fayedo stream flows. The
avalanche was canalized through this valley hitting the southern end of Pajares village; four
houses were destroyed and 18 others suffered serious structural damages. Nine people died
instantly and eight others were hurt, alongside the death of 60 cows. Eyewitnesses testified
that the avalanche “...announced its arrival with loud noise and vibrations” (El Carbayon
02/03/1888), and one village’s current inhabitant define the incident, as it was described by
her ancestors, ““...like a sort of sudden, hurricane-like wind, accompanied by great amounts
of snow”. (iii) Finally, moving on from Pajares yet remaining in the Lena municipality, a
further avalanche occurred on the same day, 27 February, in Tuiza de Abajo village, causing
serious personal and material damages. An entry in a document from the parish of Tuiza,
describes the following:

. an impressive and terrifying avalanche was triggered in the Siegalava crag which
then, as an electric spark, spread out rapidly throughout the meadow of Tuiza de Abajo,
and after having dragged along with it in a confusing frenzy the house of Carril in which
it killed five cows, the houses of Veguellina and Villaquemada in which it killed 30
animals, some sheep and horses, it buried Tuiza de Abajo under huge amounts of snow
and debris. This, combined with the fact that the houses in that village had already been
covered with snow, being their roofs the only way out, the casualties were: First, the
death of four women, may they be welcomed by God. Second, demolition of four houses.
Three, demolition of a raised granary and two stables.

This information is available in the book De nuestro corresponsal (Rebustiello,

2007). The whereabouts of the obituary book of the San Cristébal de Tuiza parish for
1888, from which this extract was taken, is currently unknown.
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Figure 10. Xylograph published on 8 April 1888 by La Ilustracién Espafiola y Americana, based
on sketches made on site by engineer Eugenio Ribera. It shows the results of the avalanche which
destroyed the Matarredonda viaduct on 27 February 1888.

3.6. Social and environmental impact of the 1888 episode

A total of 69 events leading to the injury of 32 people and the deaths of a further
29 have been recorded. The specific damages caused by the avalanches are detailed
in Table 4. The councils located in medium and high altitudes were affected the most,
especially in the Asturian slope (Fig. 11A), where 65 of the recorded avalanches and
27 deaths occurred. From oral testimonies collected in Tonin de Arbas (Ledn) we
know that a big avalanche could have been triggered in such village in early March
of 1888, causing at least 30 deaths. Nonetheless, this could not be confirmed by
documentary sources since the documents of the village’s parish are not currently
available, hence, the decision not to include this event in the table, nor in the final
tally of deaths and damages.

From 1800 to the present, avalanches have periodically affected 22 municipalities in the
Asturian versant, 13 of which suffered a high percentage of the total damaging avalanches in
the 1888 episode (Fig. 11A). Nevertheless, this was not the case with the south-facing versant
(Ledn province), which appears to have been more affected by other episodes, such as that
of 1945 (Fig. 11). In the Asturian versant, virtually every avalanche to have hit eight of its
municipalities belonged to the 1888 episode. The same for the damages caused: in five
of the municipalities, the 1888 episode is responsible for more than 50% of the total damages,
having also been responsible for all damages in other seven municipalities, distributed in the
next quartiles (Fig. 11B). During the 1888 episode, the damages were particularly intense in the
Lena municipality, where 32 avalanches leading to 17 deaths occurred (Table 4).
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Table 4. Socioeconomic impact of the 1888 cycle, for the Asturian Massif and only for the Lena

municipality.

Asturian Massif Lena
Total avalanches 69 32
Avalanches causing personal damage 18 7
Dead people 29 17
Injuried people 32 12
Avalanches causing material damage 59 25
Buildings 124%* 39
Heads of cattle 123 95
Infrastructure damage and traffic interrupted 22 %%% 145k
Avalanches causing short communication outage 5 3

*88 houses, 11 cattle barns, 16 cabins, 2 churches, 3 raised granaries, 2 mills, 2 walls, 2 forests, 1 cultivated field
**33 houses, 5 cattle barns, 1 raised granary

***]0 railroad traffic interruption , 7 road traffic interruption, 1 bridge, 1 viaduct, 3 locomotives

##%%9 railroad traffic interruption, 1 bridge, 1 viaduct, 3 locomotives
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Figure 11. A) Map showing the number of avalanches per municipality between 1800 and 2015,
and the percentage of avalanches resulting from one of the three main avalanche episodes of the
same period in terms of number of events and damage caused (1888, 1895 and 1945); B) Map
showing the distribution in quartiles of the damage caused by avalanches between 1800 and
2015 in each municipality, as well as the percentage of total damage resulting from one of the
three main avalanche episodes of the same period (1888, 1895 and 1945).
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Regarding the land use at the time of the incident, 67% of the avalanches affected
settlements, which accounted for 80% of the damage (Fig. 12A and 12B). This result
contrasts with the group formed by the rest of avalanches occurring in the Asturian Massif
between 1800 and 2015, of which only 13% affected settlements, where approximately
60% of the damage was caused (Fig. 12C and 12D).

l!!' . . ‘ 0%:

Il settiement Il Recreational | Agro-silvo-pastoral Il Roadirailroad

Figure 12. Percentage of avalanches according to the type of the land affected; A) for those
belonging to the 1888 episode; B) for the rest of the avalanches of the 1800-2015 period.
Percentage of damages caused according to the type of land affected; C) by avalanches produced
in the 1888 episode; D) for the rest of the avalanches of the 1800-2015 period.

4. Discussion

4.1. Climate conditions and their interaction with relief
4.1.1. Snow depth

The occurrence of catastrophic avalanche cycles depends on the combination of
several weather conditions: low temperatures, high snow precipitations combined with
strong winds so that there is much drifting snow and, occasionally, a swift rise in
temperature above de 0 °C (Fitzharris and Schaerer, 1980; Fitzharris and Bakkehgi,
1986). Negative pressure anomalies, such as the one that affected the North of the
Iberian Peninsula in February and March of 1888, have been linked to the occurrence
of great avalanche cycles both in Europe and the USA (Fohn, 1975; Fitzharris, 1987;
Birkeland et al. 2001; Birkeland and Mock, 2001; Holler, 2009). In the case of the 1888
episode in the Asturian Massif, the synoptic situation was determined by the entrance
of a polar north flow that canalized a series of very cold frontal depressions, causing
abundant precipitation and strong north winds in mountainous areas, as recorded by
the newspapers.

Orographic precipitation usually defines the most important snowfalls in the
Asturian versant, where altitude progressively increases from the Cantabrian Sea
(Mufioz, 1982). This explains why the snow depths increased in parallel with the
increase in altitude (Table 3). Snow depth is also a relevant factor for the triggering
of catastrophic avalanches (de Quervain, 1972; Holler, 2007), because it reduces the
role of the ground roughness and friction (McClung and Schaerer, 1993). Although
the threshold for avalanche triggering changes according to the geographic area
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and its interaction with climate (Esteban et al., 2005), many authors consider that
30 cm of fresh snow is enough to develop an avalanche (Perla, 1970; McClung
and Schaerer, 1993; Ancey and Charlier, 1998), particularly when combined with
strong winds (Perla, 1970; McClung and Schaerer, 1993). Nevertheless, 1 m thick
is considered the most adequate limit for the triggering of extreme avalanches
(Schweizer et al., 2003). During the 1888 storms, snow thickness reached depths of
over 3 m in altitudes as low as 500 m a.s.l., while 5 m snow depth (and locally up to 8
m depth in some places) were recorded in the highest parts of the Asturian Massif at
altitudes over 1000 m a.s.1. (Table 2). In general, the higher the altitude, the more the
snow depth. This, along with the presence of very steep slopes, explains why most of
the avalanches and the resulting damage occurred in the north-facing municipalities
of the Asturian Massif (Fig. 11A and 11B).

4.1.2. Characteristics of the avalanches

The extraordinary snow accumulation was the responsible for: (i) the triggering
of the 1888 avalanches at altitudes lower than those occurred during other episodes
of the 1800-2015 period; (ii) the exceptionally long horizontal distances recorded
by the avalanches, because deep thickness do not only facilitated the triggering of
avalanches, but also influenced the runout distances (McClung and Schaerer, 1993).
This allowed the avalanches to reach lower areas than usual (average of 848 m a.s.l.
as opposed to 974 m a.s.l.). Therefore, they affected settlements located in relatively
flat areas (Garcia-Ferndndez, 1980). In fact, during the 1888 episode, both the slopes
affected by the avalanches and the triggering areas had angles slightly lower than
the usual (30° as opposed to 32° and 32° versus 36°, respectively), i.e. at the limit
of avalanche triggering (Schweizer et al., 2003). The higher quantities of snow
accumulated before the avalanche event in these slopes, which were less inclined
than usual, could increase their volume (McClung and Schaerer, 1993; Maggioni
and Gruber, 2002) and damaging capacity. In fact, it is common for catastrophic
avalanches to be triggered in angles lower than 30° (Ammann, 2000; Garcia-
Herndndez et al., 2017).

Another particularity of the 1888 episode was the major occurrence of
south-oriented avalanches (mainly south and south-west) (Fig. 6A). A possible
explanation is the development of leeward snow cornices overhanging from ridges
in the southern slopes due to the strong winds that, according to newspapers, blew
predominantly from north. This might be the origin of many avalanches, since snow
overload on the leeward ridges resulting from the combination of strong snowfalls
and wind is usually the origin of the avalanche triggering (Burrows and McClung,
2006). In fact, cornice fall avalanches are very common and represent a high risk
(Eckerstorfer and Christiansen, 2011; Vogel et al., 2012). The local inhabitants did
not ignore that problem, and tried to eliminate some of the cornices during the lull
days. This could explain, also, the higher concentration of damages in southern
orientations (Fig. 6B), on which most settlements were also traditionally located
(Garcia-Fernandez, 1980).
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4.2. Importance of temperature and precipitation

Snow precipitation during the hours prior to an avalanche event is the most important
weather condition in the formation of great, new snow avalanches (Poggi and Plas, 1969;
Yanlong and Maoshuan, 1992; Jomelli et al., 2007; Baggi and Schweizer, 2009), even
in wet snow avalanches (Jomelli et al., 2007; Baggi and Schweizer, 2009). According
to regional newspapers, snowfalls appear to have been especially abundant in the hours
prior to some of the most damaging events, such as the avalanches of 27 February (also
with particularly low temperature). Some of these avalanches were described in such
terms that lead us to think about a dry snow avalanche “like a whirlwind”.

While the meteorological records at our disposal belong to a low altitude station, we
can still use them as indirect indicators of what could have happened in higher altitudes,
that is, more abundant precipitations and lower temperatures. Nevertheless, our results
demonstrate a limited importance of precipitation when defining the occurrence of
avalanches, the most determining factor having been the low temperature. As a matter of
fact, when temperature is higher, an inverse relationship with precipitation is observed,
even considering precipitation of the previous three and six days (Figs. 9A and 9B).

Atthis stage, we can establish two hypotheses: (i) either not all dates on the avalanche
triggering are reliable, or (ii) there are significant errors in the precipitation data. The first
hypothesis cannot be sustained by the analysis carried out; since the accumulation of
avalanches in the third and sixth previous days shows that the relevance of precipitation
is still scarce. The second hypothesis is supported by the important existing contradiction
between data recorded in the Oviedo observatory and data provided by the press and
eyewitnesses. It is striking that on the same day for which the press unanimously writes
about the beginning of a lull and a break in precipitations, Oviedo records the episode’s
precipitation record (35.46 mm). For a number of days in which there are testimonies of
high precipitation intensity (27 and 28 February, for example), the observatory records
a zero mm precipitation.

Nonetheless, we cannot dismiss the possibility that in some of the avalanches the
trigger was indeed the increase in temperatures, a decisive factor for the triggering due
to its impact on snow stability (McClung and Schweizer, 1999), thus being a causation
in some of the snow cornice failures (Burrows and McClung, 2006) and, especially, wet
snow avalanches which require a rise in temperatures above 0°C in the hours before
(Yanlong and Maoshuan, 1992; Jomelli et al., 2007; Baggi and Schweizer, 2009). This
factor could have been decisive especially between the second and third storm, when
temperatures rose significantly, with a concentration of over 17 avalanches on days 5, 9
and 12 of March, which added up to 30% of the damage caused during this second lull
and due to snow melting (Garcia-Herndandez et al., in press).

4.3. Socio-environmental factors and their influence on the 1888 cycle impact

Having previously expanded on factors such as snow thickness, the relief, the
location of settlements and the characteristics of the triggered avalanches, it is easier to
understand the occurrence of a high percentage of avalanches hitting the northern slope
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of the Asturian Massif, which belong to Asturias, and, more specifically, its settlements
(Fig. 12A and 12C), resulting in much more serious damages (Fig. 12B and 12D). In
fact, 35% of the total damage caused by avalanches which we can consider “extreme” (in
terms of damage) was caused during this episode. Apart from the intense land use of the
south-oriented slopes, one must also consider the possible interaction of other processes,
such as the intense deforestation undergone by the Asturian Massif in the final decades
of the 19th century which at that stage had an impact on the increase of damages in the
settlement, especially in the western sector (Garcia-Herndndez et al., 2017a, 2017b).
Such dynamics of prior deforestation have been linked to the triggering of exceptionally
damaging avalanches in other places in Europe during the same episode. This is the
case of the avalanche that caused the death of eleven people in Avieil (Italian Alps) on
27 February 1888 in a slope where avalanches did not usually reach such proportions
(Roveyaz et al., 2013). This could explain the greater affectation of this sector compared
to the eastern one where there were barely any high or far-high damage avalanches
during this episode, despite the more prominent unevenness of its slopes.

On the other hand, the central sector concentrated most of the damage, since it
was already the most populated area and supported a heavy transit of people and
goods (Rodriguez, 1984). In fact, the railway line which connected Asturias to Ledn,
going through municipalities in high altitudes such as Lena and Villamanin, had been
inaugurated four years previously. During the storms the track remained closed and its
restoration was of utmost interest for both provinces, which could explain the increase
in news from this area, since the press sent their correspondents to report from there
(Garcia-Herndndez et al ., in press). However, municipalities such as Lena, also suffered
avalanches which caused a high number of personal and material damages, a fact that
cannot be explained as a geographical bias of the press. The presence of highly inhabited
hubs in the highest areas, due to the role played by the Pajares mountain pass as a main
connection point between Asturias and Le6n (Rodriguez, 1984), along with the recent
changes in topography and deforestation for the construction of the railway line, could
explain some of the events which affected this municipality.

4.4. The 1888 event within the late LIA context

These events recorded in 1888 must be framed within the climate setting prevailing
in southern Europe during the last decades of the 19th century. Increased solar radiation
since ca. 1850 promoted a long-term temperature increase, despite large volcanic
eruptions induced a decline of temperatures worldwide during the years following
the volcanic events, such as the Krakatoa eruption in 1883 (Bradley, 1988). These
oscillating temperatures associated to changing moisture conditions must be understood
as a transitional regime between the colder LIA climate and the 20th century warmer
scenario.

Natural and historical records in the Iberian Peninsula suggest that climate warming
started ca. 1850; in other mountainous areas, as northern Europe and the Alps, the
maximum in avalanche activity has been reconstructed around 1850, correlating with
colder winters and glacier advances (McCaroll et al ., 1995; Corona et al., 2012b, among
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others). The fact that two thirds of extreme avalanches occurring in the Asturian Massif
between 1800 and 2015 happened in the 19th century, fits with that idea of a progressive
warming affecting the triggering of avalanches. Notwithstanding, the last decades of the
19th century included periods of decreasing temperatures, intense climate variability
and extreme hydroclimatic events; in Switzerland, for instance, the period 1886-1895
was one of the coldest in the last 500 years (Corona, 2012b); in Canada the 1880 decade
was a period with a high precipitation and mountains experienced a glacial advance
(Luckman, 2000); in Iberian Peninsula temperatures dropped by ca. 1°C during the 1880-
1890 decade, with more frequent and severe cold waves (Oliva et al., in revision) and in
several sites across northern Iberia historical sources showed evidence of an increased
frequency of catastrophic floods during the second half of the 19th century (Barriendos
and Martin-Vide, 1998). Specifically, the 1880’s coincided with a cold weather stage in
which drought conditions could have dominated (Coll et al., 2016), but with exceptionally
wet years as 1885 and 1888 (Font-Tullot, 1988) in which snowstorms, hailstorms and
heavy rain events, were more frequent than usual in Spain (Gonzalo de Andrés, 2004).
In this context, winter precipitations were frequently associated to heavy snowfalls in
the mountains, favoring avalanche activity in the Cantabrian Mountains but also in other
mid-latitude mountain environments such as the Alps, as inferred from tree rings and
historical sources (Corona et al., 2012a; Guillet et al., 2016).

5. Conclusions

The decades following the LIA cold stage were characterized by an unstable climatic
pattern that generated a series of climate extremes affecting mid-latitude mountainous areas
as the Asturian Massif, in which the 1888 avalanche cycle was the most remarkable. Both
in terms of the number of damaging avalanches and damages caused by them, the 1888
episode stands out among the rest of avalanche cycles recorded in the Asturian Massif in the
1800-2015 period. The avalanches of 1888 cycle were not only more frequent, but also more
damaging on average: of the most damaging avalanches occurring between 1800 and 2015,
more than half of them belonged to the 1888 episode.

With respect to the factors that rendered the 1888 extraordinary, we should highlight
the importance of orographic precipitations: the interaction of a cold and wet air mass
originating from the North Atlantic with the relief of the Massif, led to snow thicknesses
which were greater than those reached in other episodes, and in lower altitudes, especially
in the North-oriented Asturian slope which, consequently, accounted for the majority of
the events triggered. The thickness of the snow cover, as thick as 3 m in altitudes as low
as 500 m a.s.l., allowed the triggering of avalanches in lower altitudes, covering also
distances longer than usual. Thus, it was easier for those snow avalanches to reach the
highly populated settlements, placed in middle slopes, which were particularly affected by
this episode. On the other hand, these large snow accumulations facilitated the triggering
of major avalanches in gentle slopes, which is where settlements are usually located.
The triggering of cornice fall avalanches in the southern slopes, due to the predominance
of strong northern winds, could also explain the high impact suffered by these, usually,
southern-oriented settlements.
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Despite the fact that the increase in temperatures appears to be the main trigger of the
avalanches occurring during the periods of rest, the most damaging avalanches occurred
in moments of intense precipitation and with very low temperatures. Some of these events
have being described as consistent with avalanches of dry snow. However, the existing
contradiction between instrumental data and those provided by testimonies of the press,
and other historical sources along with the scarce correlation between precipitation and
avalanche occurrence, suggests possible errors in the precipitation records.

The greater impact on the settlements, which suffered 84% of the damages, was
the cause of this episode’s high socioeconomic impact (29 people dead, 34 injured, 123
heads of cattle dead, 124 buildings destroyed). This impact was, however, uneven: in
the villages located higher in the Asturian slope, especially in the central and western
sections, the impact was much more important. Even though we cannot exclude the
possible influence of a geographical bias in the information provided by the press, the
severity of the damages caused by some of the avalanches that affected these areas
suggests the involvement of other factors. Such factors would be the deforestation
undergone by these areas (in particular the western) at the end of the 19th century, as
well as the important population of the highest settlements in the central sector, due to
the appeal of its new communication infrastructures.

Therefore, the 1888 events constitute an excellent example of the impact of extreme
hydrometeorological events in mountain environments under high demographic pressure.
But, as well, it constitutes a good example of processes involved in a climate transition
period from cold to warmth weather conditions. Moreover, the accurate characterization
of the spatio-temporal patterns and social consequences of this event can be used to
assess the potential threat of avalanche phenomenon not only in the Asturian Massif, but
in Iberian mountains in general.

Acknowledgements

Cristina Garcia-Herndndez wishes to thank Kaleidos and the FPU program of
Ministerio de Educacion, Cultura y Deporte [grant number MECD-15-FPU14/01279]
for their support.

References

Ammann, W.J. 2000. Der Lawinenwinter 1999. Ereignisanalyse. Winterberichte des Eidg Institutes
fur Schnee- und Lawinenforschung, 588.

Ancey, C., Charlier, C. 1998. Les avalanches. In: C. Ancéy (Ed.), Guide Neige et Avalanches:
Connaissances, Pratiques, Sécurité. Edisud, Aix-en-Provence, pp. 87-126.

Baggi, S., Schweizer, J. 2009. Characteristics of wet-snow avalanche activity: 20 years of
observations from a high alpine valley (Dischma, Switzerland). Natural Hazards 50 (1), 97-
108. https://doi.org/10.1007/s11069-008-9322-7.

Barriendos, M., Martin-Vide, J. 1998. Secular Climatic Oscillations as Indicated by Catastrophic
Floods in the Spanish Mediterranean Coastal Area (14th-19th centuries). Climatic Change
38,473-491. https://doi.org/10.1023/A:1005343828552.

208 Cuadernos de Investigacion Geogrdfica 44 (1), 2018, pp. 187-212



The snow avalanche cycle of 1888 in the Asturian Massif (Northern Spain)

Birkeland, K.W.,Mock,C.J.2001. The major snow avalanche cycle of February 1986 in the western
United States. Natural Hazards 24 (1), 75-95. https://doi.org/10.1023/A:1011192619039.

Birkeland, K.W., Mock, C.J., Shinker, J.J. 2001. Avalanche extremes and atmospheric circulation
patterns. Annals of Glaciology 32 135-140. https://doi.org/10.3189/17275640178119030.

Bradley, R.S. 1988. The explosive volcanic eruption signal in Northern Hemisphere continental
temperature records. Climatic Change 12 (3),221-243. https://doi.org/10.1007/BF00139431.

Brazdil, R., Pfister, C., Wanner, H., Von Storch, H., Luterbacher, J. 2005. Historical climatology
in Europe-the state of the art. Climatic Change 70 (3), 363-430. https://doi.org/10.1007/
$10584-005-5924-1.

Burrows, R., McClung, D.M. 2006. Snow Cornice Development and Failure Monitoring.
International Show Science Workshop, Telluride, Colorado.

Coll, J.R., Aguilar, E., Prohom, M., Sigr6, J. 2016. Long-term drought variability and trends in
Barcelona (1787-2014). Cuadernos de Investigacion Geogrdfica 42 (1), 29-48. https://doi.
org/10.18172/cig.2927.

Corona, C., Lopez Saez, J., Stoffel, M., Bonnefoy, M., Richard, D., Astrade, L., Berger, F. 2012a.
How much of the real avalanche activity can be captured with tree rings? An evaluation of
classic dendrogeomorphic approaches and comparison with historical archives. Cold Regions
Science and Technology 74, 31-42. https://doi.org/10.1016/j.coldregions.2012.01.003.

Corona, C., Lopez Saez, J., Stoffel, M., Rovéra, G., Edouard, J.-P., Berger, F. 2012b. Seven
centuries of avalanche activity at Echalp (Queyras massif, southern French Alps) as inferred
from tree rings. The Holocene 23, 292-304. https://doi.org/10.1177/0959683612460784.

De Quervain, M. 1972. Lawinenbildung. In: Lawinenschutz in der Schweiz, Bd. 9 der Reihe
Blndnerwald, Beiheft, 15-32.

Eckert, N., Gaume, J., Castebrunet, H. 2011. Using spatial and spatial-extreme statistics to
characterize snow avalanche cycles. Procedia Environmental Sciences 7, 224-229. https://
doi.org/10.1016/j.proenv.2011.07.039.

Eckerstorfer, M., Christiansen, H.H. 2011. Topographical and meteorological control on snow
avalanching in the Longyearbyen area, central Svalbard 2006-2009. Geomorphology 134
(3), 186-196. https://doi.org/10.1016/j.geomorph.2011.07.001.

Esteban, P., Jones, P.D., Martin-Vide, J., Mases, M. 2005. Atmospheric circulation patterns related
to heavy snowfall days in Andorra, Pyrenees. International Journal of Climatology 25 (3),
319-329. https://doi.org/10.1002/joc.11003.

Fagan, B. 2002. The Little Ice Age: How climate made History 1300-1850. Basic Books, New
York.

Fischer, M., Lenggenhager, S., Auchmann, R., Stickler, A.N. (2013). Synoptic analysis of the New
York March 1888 blizzard. In: S. Bronnimann, O. Martius (Eds.), Weather extremes during
the past 140 years. Geographica Bernensia, pp. 45-52.

Fitzharris, B.B. 1987. A climatology of major avalanche winters in western Canada. Atmosphere-
Ocean 25 (2), 115-136. https://doi.org/10.1080/07055900.1987.9649267.

Fitzharris, B.B., Bakkehgi, S. 1986. A synoptic climatology of major avalanche winters in Norway.
International Journal of Climatology 6 (4),431-446. https://doi.org/10.1002/joc.3370060408.

Fitzharris, B.B., Schaerer, P.A. 1980. Frequency of major avalanche winters. Journal of Glaciology
26 (94),43-52. https://doi.org/10.1017/S0022143000010571.

Fohn, P. 1975. Analyse der Beziehungen zwischen Witterung, Schneedeckenaufbau und
GroBlawinen am Beispiel der Katastrophenlawinen vom April 1975, Winterberichte des Eidg
Ingtitutes fur Schnee- und Lawinenforschung 39, 209-218.

Font-Tullot, I. 1988. Historia del clima de Espafia. Cambios climéticos y sus causas.
Instituto Nacional de Meteorologia. Madrid.

Cuadernos de Investigacion Geogrdfica 44 (1), 2018, pp. 187-212 209



Garcia-Hernandez et al.

Fuchs, S., Rothlisberger, V., Thaler, T., Zischg, A., Keiler, M. 2017. Natural Hazard Management
from a Coevolutionary Perspective: Exposure and Policy Response in the European Alps.
Annals of the American Association of Geographers 107 (2), 382-392. https://doi.org/10.10
80/24694452.2016.1235494.

Garcia, C., Marti, G., Oller, P., Moner, 1., Gavalda, J., Martinez, P., Pefia, J.C. 2009. Major
avalanches occurrence at regional scale and related atmospheric circulation patterns in
the Eastern Pyrenees. Cold Regions Science and Technology 59 (2), 106-118. https://doi.
org/10.1016/j.coldregions.2009.07.009.

Garcia-Ferndndez, J. 1980. Sociedad y organizacion tradicional del espacio en Asturias. Silverio
Cafiada, Gijon.

Garcia-Herndndez, C., Ruiz-Fernandez, J., Sanchez-Posada, C., Pereira, S., Oliva, M., Vieira, G.
2017a. Reforestation and land use change as drivers for a decrease of avalanche damage in
mid latitude mountains (NW Spain). Global and Planetary Change 153, 35-50. https://doi.
org/10.1016/j.gloplacha.2017.05.001.

Garcia-Hernandez, C.,Ruiz-Fernandez, J ., Pereira, S. 2017b. El efecto de los cambios en la cubierta
vegetal sobre la evolucién de los dafios por aludes en el Macizo Asturiano. Cuaternario y
Geomorfologia 31 (3-4), 7-24.

Garcia Herndndez, C., Ruiz Ferndndez, J., Gallinar, D. 2016. Los efectos de las grandes nevadas
histéricas sobre la fauna en Asturias a través de la prensa. In: J. Gémez Zotano, J. Arias
Garcia, J.A. Olmedo Cobo, J.L. Serrano Montes (Eds.), Avances en Biogeografia. Areas de
distribucién: entre puentesy barreras, Editorial Universidad de Granada, Tundra Ediciones,
Granada, pp. 418-427.

Garcia-Hernandez, C., Ruiz-Ferndandez, J., Oliva, M., Gallinar, D. in press. El episodio de
movimientos en masa asociado a los temporales de nieve de 1888, en el Macizo Asturiano.
Boletin de la Asociacién de Gedgrafos Esparioles.

Garcia-Herndndez, C., Ruiz-Ferndndez, J., Sdnchez de Posada, C., Poblete, M.A. 2014. El impacto
del episodio avalanchoso de 1888 en el Macizo Asturiano, a través de la prensa. In: A. Gémez-
Ortiz, F. Salvador, M. Oliva, M. Salva (Eds.), Avances, métodos y técnicas en €l estudio del
periglaciarismo, Universidad de Barcelona, Barcelona, pp. 55-64.

Gonzalo de Andrés, C.2004. 1888: el afio pasado por agua, Revista del Aficionado a la Meteorologia
20, 1-11.

Guillet, S., Stoffel, M., Corona, C.2016. Unveiling the avalanche activity in the Upper Goms Valley
(Switzerland) over the past 400 years using tree-ring records. Conference INTERPRAEVENT,
Lausane, Switzerland.

Hichler, P. 1987. Analysis of the weather situations leading to severe and extraordinary avalanche
situations. IAHS Publication, 162, 295-304.

Haegeli, P., Haider, W., Longland, M., Beardmore, B. 2010. Amateur decision-making in avalanche
terrain with and without a decision aid: a stated choice survey. Natural Hazards 52 (1), 185.
https://doi.org/10.1007/s11069-009-9365-4.

Holler, P. 2007. Avalanche hazards and mitigation in Austria: a review. Natural Hazards 43, 81-
101. https://doi.org/10.1007/s11069-007-9109-2.

Holler, P. 2009. Avalanche cycles in Austria: an analysis of the major events in the last 50 years.
Natural Hazards 48 (3), 399-424. https://doi.org/10.1007/s11069-008-9271-1.

Holler, P. 2017. Avalanche accidents and fatalities in Austria since 1946/47 with special regard to
tourist avalanches in the period 1981/82 to 2015/16. Cold Regions Science and Technol ogy.
https://doi.org/10.1016/j.coldregions.2017.06.006.

Holler, P., Schaffhauser, H. 2000. The avalanches of Galtur and Valzur in February 1999, In:
Proceedings of the International Snow Science Workshop, Big Sky, Montana, pp. 514-518.

210 Cuadernos de Investigacion Geogrdfica 44 (1), 2018, pp. 187-212



The snow avalanche cycle of 1888 in the Asturian Massif (Northern Spain)

Jomelli, V., Pech, P. 2004. Effects of the little ice age on avalanche boulder tongues in the French
Alps (Massif des Ecrins). Earth Surface Processes and Landforms 29 (5), 553-564. https://
doi.org/10.1002/esp.1050.

Kocin, PJ. 1983. An Analysis of the “Blizzard of ‘88”. Bulletin of the American Meteorological
Society 64 (11), 1258-1272. https://doi.org/10.1175/1520-0477(1983)064<1258: AAOTO>2
0.Co:2.

Lockwood, M., Owens, M., Hawkins, E., Jones, G.S., Usoskin, I. 2017. Frost fairs, sunspots and
the Little Ice Age. Astronomy & Geophysicsm 58 (2), 217-223. https://doi.org/10.1093/
astrogeo/atx057.

Luckman, B.H. 2000. The Little Ice Age in the Canadian Rockies, Geomorphology 32, 357-384.
https://doi.org/10.1016/S0169-555X(99)00104-X.

Lépez, B. 1981. Despoblamiento rural y cambios de poblacién en el concejo de Ponga: (1875-
1976). Eria: Revista Cuatrimestral de Geografia 2, 3-26.

Maggioni, M., Gruber, U. 2003. The influence of topographic parameters on avalanche release
dimension and frequency. Cold Regions Science and Technology, 37 (3),407-419. https://doi.
org/10.1016/S0165-232X(03)00080-6.

McCarroll, D., Matthews, J.A., Shakesby, R.A. 1995. Late-Holocene snow-avalanche activity
in southern Norway: Interpreting lichen size-frequency distributions using an alternative
to simulation modelling. Earth Surface Processes and Landforms 20, 465-471. https://doi.
org/10.1002/esp.3290200507.

McClung, D., Schaerer, P.A. 2006. The avalanche handbook. The Mountaineers Books. Seattle.
https://doi.org/10.1017/S0022143000001696.

McClung, D.M., Schweizer, J. 1999. Skier triggering, snow temperatures and the stability index
for dry-slab avalanche initiation. Journal of Glaciology 45, 190-200.

Michaelis, A.C., Lackmann, G.M. 2013. Numerical modeling of a historic storm: simulating the
Blizzard of 1888. Geophysical Research Letters40 (15),4092-4097. https://doi.org/10.1002/
grl.50750.

Mann, M.E., Zhang, Z., Rutherford, S., Bradley, R., Hughes, M.K., Shindell, D., Ammann,
C., Faluvegi, G., Ni, F., 2009. Global signatures and dynamical origins of the Little Ice
Age and Medieval Climate Anomaly. Science 326, 1256-1260. https://doi.org/10.1126/
science.1177303.

Muiioz, J. 1982. Geografia Fisica. El relieve, el clima y las aguas. In: F. Quirds (Ed.), Geografia
de Asturias|, Ayalga, Oviedo.

Oliva, M., Ruiz-Fernandez, J., Barriendos, M., Benito, G., Cuadrat, J. M., Garcia-Ruiz, ] M., Giralt,
S., Gémez-Ortiz. A., Herndndez, A., Lopez-Costas, O., Lopez-Moreno, J.I., Lépez-Séez,
J.A., Martinez-Cortizas, A., Moreno, A., Prohom, M., Saz, M.A., Serrano, E., Tejedor, E.,
Trigo, R., Valero-Garcés, B. (2018). The Little Ice Age in Iberian mountains. Earth-Science
Reviews 177, 175-208. http://doi.org/10.1016/j.earscirev.2017.11.010.

Oller, P., Muntdn, E., Garcfa-Sellés, C., Furdada, G., Baeza, C., Angulo, C. 2015. Characterizing
major avalanche episodes in space and time in the twentieth and early twenty-first centuries
in the Catalan Pyrenees. Cold Regions Science and Technology 110, 129-148. https://doi.
org/10.1016/j.coldregions.2014.11.012.

Perla, R.I. 1970. On contributory factors in avalanche hazard evaluation. Canadian Geotechnical
Journal 7 (4),414-419. https://doi.org/10.1139/t70-053.

Poggi, A., Plas, J. 1969. Conditions météorologiques critiques pour le déclenchement des
avalanches. Symposium on snow avalanches, IAHS Publication, pp. 25-34.

Rebustiello, C. 2007. De nuestro corresponsal . Ediciones Novel, Oviedo.

Rodriguez, F. 1984. Transformacién y crisis de un espacio de montafia: el Concejo de Lena.
Ayuntamiento de Lena, Asturias.

Cuadernos de Investigacion Geogrdfica 44 (1), 2018, pp. 187-212 211



Garcia-Hernandez et al.

Roveyaz, S., Debernardi, A., Ceaglio, E., Segor, V. 2013. The historical investigation as a tool to
improve the hazard maps: the case study of the historical avalanche of Avieil (Valle d’ Aosta-
Ttaly). In: International Snow Science Workshop, Grenoble-Chamonix Mont-Blanc, France
proceedings, pp. 639-645.

Schweizer, J., Kronholm, K., Wiesinger, T. 2003. Verification of regional snowpack stability
and avalanche danger. Cold Regions Science and Technology 37 (3), 277-288. https://doi.
org/10.1016/S0165-232X(03)00070-3.

Techel, F., Jarry, F., Kronthaler, G., Mitterer, S., Nairz, P., Pavsek, M., Valt, M., Darms, G. 2016.
Avalanche fatalities in the European Alps: long-term trends and statistics. Geographica
Helvetica 71 (2), 147-159. https://doi.org/10.5194/gh-71-147-2016.

Vogel, S., Eckerstorfer, M., Christiansen, H.H. 2012. Cornice dynamics and meteorological control
at Gruvefjellet, Central Svalbard. The Cryosphere 6 (1), 157-171. https://doi.org/10.5194/tc-
6-157-2012.

Yanlong, W., Maoshuan, H. 1992. An outline of avalanches in the south-eastern Tibetan Plateau,
China. Annals of Glaciology 16, 146-150. https://doi.org/10.1017/S0260305500004973.

212 Cuadernos de Investigacion Geogrdfica 44 (1), 2018, pp. 187-212





