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ABSTRACT. The Little Ice Age (LIA) constitutes the coldest period of the last
millennia in Europe. A wide range of natural and historical records show evidence of
colder climate conditions between the 14th and 19th centuries, together with a higher
frequency of extreme hydroclimatic events. During these centuries, temperatures and
precipitations showed different spatio-temporal patterns across Europe. This Special
Issue includes eleven scientific works focusing on the climate regime, environmental
dynamics as well as socio-economic implications of the LIA in Europe. Besides, this
paper also identifies key guidelines for future research on the LIA causes and its
consequences on environmental systems in the European continent.

La Pequeiia Edad del Hielo, precedente del actual calentamiento en Europa

RESUMEN. La Pequeiia Edad de Hielo (PEH) constituye el periodo mds frio
de los ultimos milenios en Europa. Una amplia variedad de registros naturales e
historicos atestiguan las condiciones climdticas mds frias dominantes entre los
siglos XIV y XIX y la mayor frecuencia de eventos hidro-climdticos extremos.
Durante estos siglos, las temperaturas y precipitaciones en Europa mostraron
diferentes patrones espacio-temporales. En este monogrdfico se incluyen 11
trabajos centrados en el régimen climdtico, dindmica ambiental y consecuencias
socioeconomicas de la PEH en Europa. Ademds, el articulo reflexiona sobre las
directrices clave de investigacion futura sobre las causas de la PEH, asi como
sus consecuencias ambientales en el continente europeo.
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Matthes (1940) was the first scientist in using the term Little Ice Age (LIA) to
describe the colder climate conditions following the warm Medieval Climate Anomaly
(MCA) and before the post-LIA warming recorded during the 20th century. The spatial
extent of these cold conditions was mostly observed in the Northern Hemisphere, though
a cooling phase has been also reported in other regions with different intensity and
time periods (Jones and Mann, 2004; Mann et al., 2009). In Europe, the abundance of
natural records and historical sources allowed characterizing with great accuracy the
different time periods within the LIA in terms of seasonality and intensity of the cold
and moisture conditions (Luterbacher et al., 2004, 2016), together with natural hazards
and socio-economic impacts that extreme events triggered in European societies (Pfister
and Brazdil, 1999; Wanner et al., 2004).

Despite no clear timing is attributed to the LIA, in Europe it is generally
constrained between the 14th and 19th centuries (Matthews and Briffa, 2005),
though some studies anticipate it to 1200-1800 AD (Wanner et al., 2011). It is often
described as the archetype of cold stage occurred during the present-day interglacial
period (Grove, 2004). One of the most visible consequences of the colder conditions
was related to the expansion of glaciers, particularly in mid-latitude mountain
environments, such as the Alps (Holzhauser et al., 2005; Zumbiihl et al., 2008;
Nussbaumer and Zumbiihl, 2012). This led some scientists to relate the LIA with the
prevailing icy climate, with rigorous winters and cool summers favouring glacial
advances across Europe. Consequently, the “LIA climate” has been intrinsically
linked to the “LIA glacierization” (Matthews and Briffa, 2005), though this concept
hides the fact that the LIA climate was characterized not only by a colder regime but
also by enhanced climate variability: cold spells, snowstorms, avalanches, droughts,
floods, and heat waves (Bradley and Jones, 1992).

A combination of large volcanic eruptions (Hegerl et al., 2007; Luterbacher and
Pfister, 2015) and lower solar irradiance (Usoskin et al., 2004) favoured summer cooling
in the Northern Hemisphere, which was amplified by feedback processes, such as the
increase of sea ice extent in the Arctic (Miller et al., 2012). Temperature decrease
initiated at high latitudes subsequently expanded to lower latitudes in Europe (Wanner
et al., 2011), with significantly lower temperatures particularly during solar minima,
namely the Maunder Minimum (MM, 1645-1715; Luterbacher et al., 2001). Despite the
fact that the LIA has been defined as one of the coldest and longer-lasting cold periods
during the Holocene (Grove, 2004; Wanner et al., 2011), the temperature decline with
respect to present-day annual values was only in the order of 0.5-1°C during the coldest
stage recorded during the MM (Mann et al., 2009; Luterbacher et al., 2004, 2016).
Precipitations also showed different spatio-temporal patterns across Europe, alternating
periods with higher and lower moisture regimes (Pauling et al., 2006) and a higher
frequency of extreme hydroclimatic events (Brazdil et al., 2010).

Traditional self-sufficient societies were well aware of the significant changing
climate conditions prevailing during the LIA as shown by historical documents,
paintings, old pictures, etc. Climate was more determinant for those societies than
nowadays, strongly conditioning daily life activities. As mentioned before, the LTA
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has not been only used as a reference for cold recent periods during the Holocene
(Grove, 2004), but also for comparison with present-day dynamics. This is the
recurring case of glaciers, which expanded during the LIA to positions not reached
over the last 10,000 years (Bradley and Jones, 1992). The pictures and historical
photographs of the glaciers during the late 19th and early 20th century are often
compared with present-day pictures of the same areas to make people aware of how
climate has changed over the last ca. 150 years (Zumbiihl et al., 2008). Generally,
the receding and/or disappearance of glaciers during this time period is attributed to
the effect of warmer conditions that are (mainly) related to human-induced warming.
But we know that the positions reached by the glaciers during these centuries in
many mid-latitude mountain environments are close to their maximum during the
present-day interglacial (e.g. Central Pyrenees; Garcia-Ruiz et al., 2014). Therefore,
these comparisons hide the combined effect of natural and anthropogenic post-LTA
warming on terrestrial ecosystem dynamics, not just reflecting the impact of human
activities on the climate.

Over the last two decades, there has been an increase in the number of studies
combining different data sources, including historical documents and a wide range
of multiproxy records, with the purpose of better understanding the spatio-temporal
patterns of LIA climate in the European continent (e.g. Luterbacher et al., 2016). Besides,
there have been different attempts in certain regions to encompass data from different
records and generate high-resolution multiproxy data for specific regions (e.g. Iberia;
Oliva et al., in revision). The scientific interest in recent past warm (e.g. MCA, Moreno
et al.,2012) and cold periods (e.g. LIA, this issue; Dark Ages, Helama et al., 2017) raises
from the need to frame recent climate trends within the natural climate variability. The
so-called climate change is often a rapid and widely-used umbrella that gives response
to a wide range of processes occurring in Earth systems, some of which forming part
of climate variability. In this context, research on climate and environmental systems
during the LIA should focus on several key questions such as:

(1) Unveiling the spatio-temporal patterns of the different forcings (volcanic
eruptions, solar irradiance, etc.) driving climate variability during the LIA.

(i1) Improving the climate models reproducing with a higher accuracy the coupling
between historical climate observations, early instrumental data and multiproxy
reconstructions (e.g. tree rings, lake sediments).

(iii) Inferring the frequency and magnitude of extreme events that triggered major
hazards in a changing climate scenario such as the LIA, which at the same time
can be used nowadays for territorial planning purposes.

(iv) Distinguishing the effects of post-LIA warming in terrestrial ecosystems,
particularly from mountain regions, from land-use changes promoted by human
activities (e.g. treeline shift due to lower demographic pressure).

With the purpose of examining the effects of the LIA in Europe, this Special Issue
encompasses 11 articles dealing with three main issues:
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Climate regime

Rodrigo et al. (2018) examine climatic conditions in southern Iberia during the
LIA and reflect about future challenges to better frame the LIA climate and present-day
conditions in the region. Mrgi¢ et al. (2018) analyzes the potential of historical sources
in the Balkan region to reconstruct extreme climate conditions and social impacts during
the LIA in the area.

Environmental dynamics

Seven different papers focus on the environmental and cold-climate
geomorphological processes prevailing in European mountains during the LIA, as
well as its subsequent evolution until nowadays. Hughes (2018) examines the factors
controlling glacial dynamics in Mediterranean mountains during the LIA as well
as their present-day dynamics. Zumbiihl and Nussbaumer (2018) reconstruct the
evolution of two glaciers in the Alps using hundreds of historical pictures, providing
the world’s most accurate reconstructions of glacial advances and retreats for the last
centuries. Based on geomorphological evidence, Serrano et al. (2018) discuss about
the possible existence of surge glaciers in the Pyrenees during the LIA. Ferndndez-
Ferndndez et al. (2018) examine the magnitude of glacial retreat in northern Iceland
since the LIA, identifying different phases and associated environmental dynamics.
But this Special Issue does not only include contributions focusing on glaciers but
also on other cold-climate processes: Kedzia and Kotarba (2018) analyse cryogenic
processes existing during the LIA in the Tatra Mountains; Carrera-Gémez and
Valcdrcel (2018) reconstruct the extent of long-lying snow patches derived from a
colder climate in NW Iberian mountains. Gémez-Ortiz et al. (2018) emphasize the
value of historical documents for studying the evolution of the Corral del Veleta
(Sierra Nevada, Spain) glacier, and Oliveira et al. (2018) examine soil temperatures
in the sub-Antarctic environment of Tierra del Fuego.

Socio-economic implications

Garcia-Herndndez et al. (2018, this issue) study a series of large snowstorm events
and associate avalanches in the Asturian massif (NW Iberia) as well as their social
consequences and natural-human constraints using historical documents. Camenisch et
al. (2018, this issue) examine the social and economical impacts of extreme climate
events in Switzerland during the early LIA based on a wide range of historical sources
accurately preserved in this Alpine country.

In summary, this Special Issue constitutes a compendium of research articles
focusing on the climatic conditions prevailing during the LIA in Europe, including the
response of terrestrial ecosystems to colder conditions and the impact of extreme climate
events in European societies. I am convinced that the quality of the research studies as
well as the wide range of topics included in this Special Issue will be a reference for the
scientific community interested in similar topics both in Europe and in other continents.
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