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The next two components gather a 31%
of the total variance, sharing a similar weight.
These components are the main atmospheric
patterns producing major avalanche episodes in
the most eastern regions of the study site (Cadi-
Moixer6, Prepirineu and Ter-Freser). The
component 2 is defined by an outstanding
negative anomaly in the pressure distribution
over the Iberian Peninsula is detected (Figure 2,
middle).

Anomaly 4

Anomaly 6
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Figure 3. Anomaly maps of pressure at 500 hPa level
corresponding to components 4, 5 and 6 (standardized
values), respect to average atmospheric conditions.
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Atmospheric circulation is characterized
by a long trough at 500 hPa exhibiting an
oblique axis NW-SE, due to the Siberian high
over Europe which diverts troughs to the
Mediterranean basin. Normally, it yields a small
low at surface level in front of the Eastern coast.
Humid, maritime flow on surface produces heavy
precipitations in the regions closest to the
Mediterranean Sea. Instability is high due to the
contrast between cold air at 500 hPa and
relatively warm air mass at low levels. The
snowpack usually contains weak layers with
depth hoar and faceted grains before fresh snow
arrives, since low temperatures and strong
irradiation has prevailed below the Siberian high
pressures influence. So, avalanche activity is
favoured due to the surcharge of new fallen
snow.The component 3 is explained by a
blocking high pressures situation at 500 hPa
over Central Europe and a cut-off low centred
over the south of the Iberian Peninsula-North of
Africa. The composite-anomaly map diverges
markedly from the average synoptic conditions
(Figure 3, lower), an average anomaly of 1.0
absolute value for each grid point. We want to
focus on mesoescalar meteorological
phenomena with strong consequences in
avalanche dynamic observed in this component.
Differences respect to component 2 is that high
pressures existed on surface (1015-1020 hPa)
over the Pyrenees, but cyclonic circulation rules
on upper levels. As component 2, a warm and
very humid Mediterranean flow on surface
penetrates from the east affecting the regions
closest to the Mediterranean Sea, even also
distant regions as Ribagor¢ana-Vallfosca well-
faced south. Amounts of precipitation about 400
mm (SWE) were recorded during four days in
regions of meditarranean influence in December
1991, with snow level around 1800-2000 m
height. Extreme avalanches of wet loose snow
felt dawn in Ter-Freser, the nearest region to
Mediterranean Sea. Eastern advection is a
synoptic pattern observed usually in September-
October giving torrential precipitations in coastal
mountain ranges but seldom in winter (Jansa,
1990).

The last three components account for
the remaining 15% of total variance. The
component 4 shows an exceptional anomaly
over the Eastern Pyrenees (Figure 3, upper) so
long as a deep, very cold core low at 500 hPa
appears. It also reflects a deep low on surface
levels. Northern, strong winds and heavy
snowfalls affect not only Pyrenees but also the
coastal line. Extreme powder avalanches were
registered in disparate regions.

The component 5 exhibits the maximum
anomaly at 500 hPa (Figure 3, middle) in
absolute values (average of 1.3 for all the grid
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points). A wide low pressure is located at high
and low levels in the west of the Iberian
Peninsula. From surface to upper levels south
and south-western winds flow carrying warm and
humid air from Atlantic and even Mediterranean
on lower levels over the Pyrenees. The most
intense major avalanche episode occurred at the
end of 1996 January due to a south-western
advection situation. Many major avalanches of
fresh, humid and dense snow felt down few
hours after the precipitation. Four regions were
affected by major avalanches. Timber analysis
of died trees by the avalanches indicated ages
about 80 years old. A maximum snowfall of 220
mm of snow water equivalent (SWE) in 24 hours
was registered and many other exceeding 150
mm of SWE in several regions due to processes
of convective cells growth. It means Gumbel
recurrence periods exceeding 100 years. As
Esteban et al. (2005) have shown heavy
precipitations even torrential affect the southern
side of the Pyrenees in such synoptic circulation
pattern. Nevertheless, snow is registered only in
the highest elevations, normally over 2200 m
height.

Finally, the component 6 is linked to
melting major avalanche episodes. It's the only
component reflecting pressures at 500 hPa
higher than usual over the Pyrenees. That is
why a ridge from the subtropical anticyclonic belt
spreads further north over the Western
Mediterranean Sea. Usually a warm advection at
low levels (850, 700 hPa) gets right into the
Pyrenees. Snow cover suffers melting processes
suddenly and major avalanches have felt down
when the inner layers still contained cold,
persistent grains. This component leading major
avalanches has been observed in late March
after cold winters.

Regions
Comp. AR RF PL PP CM PR TF Total
1 8 5 4 1 1 1 2 22
2 2 0 1 0 2 2 1 8
3 0 3 1 0 1 1 2 8
4 0 1 0 0 0 0 1 2
5 1 2 1 0 0 0 1 5
6 1 0 0 0 1 0 0 2
Total 12 11 7 1 5 4 7 47

Table 3. Regions affected for every component (one episode
can affect more than one region).

Results highlight the differences in the
spatial capability of each component in yielding
major avalanche activity in the Eastern
Pyrenees. Geographical and climatic factors
account for the spatial variability. Among the
former, the zonal alignment of the axial range
lets the retention of humid air masses, both polar
and artic from north advections, and tropical air
masses from south and southwest flows. The
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meridian valleys configuration favours the
penetration and the placement of the unstable
air masses pointed out; the forced lifts by the
relief sometimes result on heavy and persistent
snowfalls, even stationary convective cells. The
proximity to Mediterranean Sea and less to the
Atlantic Ocean avoids extreme temperatures as
it occurs in inland ranges but surprisingly
extensive precipitation shadows exist as well.
Among the latter factors, the relatively low
latitude of the massif becomes the Pyrenees in a
oscillating boundary between the humid ocean
climate due to dynamic lows and dry climate
associated to subtropical semi-permanent
anticyclone belt.

Relationship between winter
precipitation and NAOi has been investigated in
the Pyrenees (Martin-Vide and others, 1999;
Esteban and others, 2001) and results show a
negative correlation. The 500 hPa composite-
anomaly maps of the principal components
leading major avalanches likely suggest more
probable major avalanche episodes for negative
phase of NAO, since components 2, 3, 4 and 5
occurs when positive anomalies are detected
over Iceland and negative over Gibraltar (South
of the Iberian Peninsula). These components
gather the most part of the total explained
variance. It’s interesting to note that the 1995-96
winter season, the maximum in major
avalanches activity, broke the record of NAOI
negative anomaly (-2.35) from 1970 till 2008.

5. CONCLUSIONS

This  contribution  studied major
avalanches activity without long-term snow-
climatic database. We have recourse to annual
resolution by inquiring into dendro-
geomorphological methods and found out daily
dating in historical documentation and by means
of systematic population enquiring. Thanks to
this approach, for the first time values
statistically significant of occurrence probability
of major avalanches activity is furnished at
regional scale for the Eastern Pyrenees. It
should promote and reinforce planning actions in
forecasting and land-zoning the avalanche
hazard in Spain.

Dating extreme avalanches episodes
has allowed a classification of related synoptic
patterns by means of PCA, which will improve
the forecasting tasks. Moreover the calculated
anomalies of pressures at 500 hPa level for
each principal-component lets know the
relationship of this atmospheric types with low-
frequency patterns that indicate weather trends
at medium-term, as NAO for the Pyrenees.

In spite of being a small geographical
area compared to Rocky or Alps, results in
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occurrence  probability and extend of
atmospheric patterns reflect also a significant
spatial variability, which must be taken into
account w applying defence strategies.

However, the challenge is making
progress in the accurate identification of the
snow structure and stability conditions to assess
the effectiveness of each atmospheric pattern
associated to extreme avalanches.
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