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Abstract. In North-western Iceland, records of slope pro- severely concerned by recurrent snow-avalanche and debris-
cesses were increasing during the twentieth century. Fevilow activity, its catastrophic effects being on the increase
dramatic events during the last decades highlighted the darwith time (Decaulne, 2004b). This paper aims to highlight
ger due to slope dynamics, leaving local populations in athe appearance of risk due to these slope processes, espe-
risk situation that was merely unknown before 1970. Thecially in the fjords area of northwestern Iceland, during the
recent snow-avalanche, debris-flow and rock-fall activity un-twentieth century, based on the study of the parallel history
derlined that the most frequent processes are not these witbf natural hazards and residence extension.

the largest human impact. In fact, the most catastrophic The study area (Fig. 1) is located at subpolar latitude, in
events were the extreme ones, following directly from a low the mid North-Atlantic (66 N—-23 W). This northern loca-
frequency and a high magnitude. The purpose of this pation has both climatic and morphologic implications. As a
per is to draw a parallel history of natural hazard and resi-subpolar oceanic climate, the weather in the northwestern
dence spatial extension, for an accurate understanding of thgart of Iceland is perturbed, as the area lies on the main
present-day risk situation, as the population growth markedlylow pressure trail, contributing to high temperature and pre-
increased during the same time. Different quantitative anccipitation variation over a short time period throughout the
qualitative methods are applied. Geomorphological investi-year. The superimposed basaltic lava flows of the area ex-
gations locate the main threaten areas, in the path of slopperienced Quaternary glacial conditions, during which the
processes release evidences, i.e. suitable slope morphatoastline was shaped into numerous and deep fjords. Thus,
ogy and/or inherited/actual forms. By a collection of dating slopes are steep, and debris availability is high, due to large
data, as historic records and lichenometrical analysis, the fresupplies in both inherited glacial products and actual frost
quency of given magnitude events is known. Climatic analy-shattering. The elevation varies from 400 to 700 m, with flat
sis clarifies the triggering meteorological conditions of slope summits. The slope upper part is steep, joining a rockwall. In
processes and offers an overview of climate fluctuation durthe lower part are steep and slightly concave talus slopes. In
ing the investigated period; wind speed and direction is crit-some cases, a bench interrupts the upper rockwall, covered
ical to hazardous snow-avalanche departure and snowmelt igith a thick debris mantle. The upper edge is cut by numer-
crucial for debris-flow release. The findings clearly indicate ous chutes, of varying width. Human settlements occupy the
that a combination of spatial expansion of inhabited areashin area between the sea and the mountain slopes. All these
and a lack of slope processes knowledge at the expansiogonditions are prone to snow-avalanche and debris-flow ac-
time led to a recent and progressive risk appearance due tvity in the northwestern part of Iceland, and exacerbate the
snow avalanches (including slush flows), debris flows andrisk.

rock fall in most towns and villages of North-western Ice-

land.

2 Methods
1 Introduction Spatio-temporal characteristics of both the slope processes

During the last century, coastal villages and urban nucleiunder study and anthropogenic factors are particularly rel-
' vant in this study (Decaulne, 2004b, 2005). The spa-

of northwestern, northern and eastern Iceland have beeﬁ L . .
lal distribution of slope processes has been investigated

Correspondence toA. Decaulne around the main settlements of the Westfjords through geo-
(armld@yahoo.fr) morphological analysis, topography and aerial photographs
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Fig. 1. Location of the study area.

Table 1. The number of potential snow-avalanche and debris-flow
tracks in the five studied areas of the Icelandic Westfjords.

Sites No. of snow avalanches No. of debris flows
Patreksfijordur 9 18
Bildudalur 5 15
Bolungarvik 8 16
Hnifsdalur 5 17
Isafjordur 24 35

son et al., 2002, 2003a, b; Arnalds, 2002; Petursson, 1991,
1992a, b, 1995, 1996; Petursson and Saemundsson, 1999;
Petursson and Jonsdottir, 2000a, b; Petursson and Jonsson,
2001). The use of lichenometrnRfizocarpon geograph-
icum species) and vegetal cover measurements provide rel-
ative dating of the deposits related to snow avalanches and
debris flows (Decaulne, 2001b; Decaulne and Saemundsson,
2003).

The access to historical data, such as old maps and pho-
tographs, census, cadastral and local chronicles (Grimsdot-
tir, 1999; Geirsdottir, 20004, b, c), give precious information
on human spatio-temporal distribution from the end of nine-
teen century in the studied villages and urban nuclei of the

Table 2. The snow-avalanche and debris-flow track density in the northwestern peninsula.

five studied areas of the Icelandic Westfjords.

Sites Snow-avalanche density  Debris-flow density
km—1 km—1

Patreksfjordur 3.6 7.2

Bildudalur 2.8 8.6

Bolungarvik 4 8

Hnifsdalur 1.4 4.7

Isafjordur 114 16.6

From a compilation of all deterministic and historic data,
overall maps are drawn.

3 Results
3.1 Slope processes spatial-temporal distribution

Figure 2 underlines that all slopes in northwestern Iceland
are subject to snow avalanches and debris flows; whatever
slope orientation and elevation, snow-avalanche and debris-
flow activity is observed. Both snow-avalanche and debris-
flow tracks can be confined, when the track follows a deep

interpretation, various reports study, location and descripgully in the upper part of the slope, or unconfined, when the
tion of both erosive and accumulative landforms, drawingslope is open, without marked gully. The number of poten-
out snow-avalanche and debris-flow paths. Using this infor-tial paths, i.e. suitable for snow-avalanche and debris-flow
mation, maps are drawn, showing the main tracks and theelease according to field assessments, is high in each site,

outline of the larger recognised runout distances.

but varies from one site to another (Table 1): from 9 to 24

The temporal distribution of slope processes is known withpaths for snow avalanches and from 15 to 35 paths for debris

the help of absolute dating, primarily extracted from writ-

flows. Due to differences in sites extent, the path density cal-

ten sources such as slope processes reports, newspapers auathtion is more significant (Table 2). Thus, sites affected by
chronicles that multiply during the twentieth century. Gov- snow avalanches are mostly Isafjordur and Bolungarvik, but
ernmental institutions compiled most of these data (Agust-no site is free from snow-avalanche recognised paths. All
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sites are severely affected by debris flows, Hnifsdalur in a[
smaller proportion than others.

Mainly derived from written sources, snow-avalanche ,

. . . . X . Main documented
(Fig. 3) and debris-flow (Fig. 4) occurrence in the five dif- | __ . . avalanche &
ferent localities underlines the scattered number of reported debris-flow paths
events through the last century, and the increasing number of
documented events with time, specifically after 1980. This
observation is more marked for snow avalanches than for
debris flows, which are more seldom announced by local
population or authorities. Depending on the location, the
snow-avalanche return period varies from 1.44 in Isafjordur
to 7 years in Patreksfjordur, and the debris-flow return period
varies from less than 1 year in Isafjordur to about 35 years in
Patreksfjordur (Decaulne, 2004b).
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3.2 Human spatio-temporal distribution

The human spatio-temporal distribution in the Westfjords ur-

ban nuclei and rural areas passed through radical changesg. 2. Location of documented snow-avalanche and debris-flow

since the 1880s. The population constantly grew up untilpaths in North-western Iceland (refer to figure 01 for the location of

the 1980s, when the number of inhabitants reaches its maxistudied areas).

mum (Fig. 5a). During the same period, the population den-

sity increased continually (Fig. 5b). Over this time, the pop-

ulation behaviour is closely dependent on economic situa-

tion, mainly related to fishing industry: in the small town of  In 1900, Patreksfjordur (Fig. 6a) consisted of only a small

Bolungarvik, the decrease in population at the beginning ofamount of inhabitants, gathered together along the sea. Only

the last century is likely due to a local exodus of fishermentwo events were known at this time. In 1950 (B), some more

families towards other parts of the Westfjords, due the lateevents were registered, especially two snow avalanches that

construction of a wharf, while similar facilities were built in reached the sea in the harbour area, and a debris flow that

other places, allowing the docking of motorboats. reached the uppermost houses on the main road. By 1980
The building curves (Fig. 5¢c) show a different evolution, (C), the town had grown, and the areas that were crossed by

which increases in stages to reach its maximum during theéslope processes along the sea were from then on clearly oc-

1980s, while the popu|ati0n is the most numerous. The bu||d_CUp|ed with residential and industrial bUIldIngS Since 1980

ing density shows the same growth (F|g 5d), with a Sud_the inhabitant and bUIldIng density had increased and more

den increase during the 1970s and stabilisation during th&vents were recorded, especially two slush flows that caused

1980s. The first built areas are mainly scattered along thé* fatal accidents (D).

seashore, with subsequent expansion concentrated close toThis pattern of evolution is more or less equivalent in

the sea (harbour constructions) and later extending to th?safjordur. In 1900, it was rather a small village of 500 peo-
mountain slopes, where more various economic activities ar?ﬂe gathered together on the gravel spit (Fig. 7a). No snow

developing. avalanches or debris flows were recorded then. In 1950 (B),
the settlement extended to the bottom of slope, and inside
the valley to the southwest. In 1980 (C), the density of pop-

Wh bining the sl dh data t ulation increased on the lower slope of the main part of the
en combining thé siope processes and human data 1qe wn; moreover, a residential area was built at the bottom of
gether, a spatial conflict appears. The inhabited areas exten 400m high slope. More debris-flow and snow-avalanche

to the slopes, while slope process deposit areas extend to tr&ems were recorded. In 2003 (D), a larger number of snow

bottom of the slopes: the thin area close to the sea that is f:il

3.3 Risk appearance

for residence is both influenced by human development an valanches and debris flows were recorded, and the danger-

) ) _ us areas, i.e. where snow-avalanche and debris-flow deposit
snow avalanches or debris flows. During the twentieth cen-

. . : . area superimposes the residential area, are wide.
tury, the increasing superimposition of human and natural ac-

tivities at the foot of slopes has created an obvious problem, This inhabitant behaviour evolution in the Westfjords re-
by exacerbating the risk. This scenario is common to all ur-flects changes in Icelandic society: the smaller rural set-
ban nuclei of the study area, but a more detailed examinatiolements gradually coalesced into coastal lowland grow-
of Patreksfjordur and Isafjordur diachronic maps illustratesing urban nuclei (Decaulne, 2004a). Thus, vulnerability
the progressive appearance of risk due to slope processes, m&reased with community spatial development along the
the inhabited areas have been developed in locations that afrd seashore, and is a measurable factor of social change
influenced by natural processes. (Bankoff, 2003).
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@ Distribution of recorded destructive snow avalanches
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Fig. 8. Recorded destructive and fatal snow avalanches in North-western Iceland.

4 Discussion they did before, as commercial exchanges and fishing indus-
try grew; moreover, from the 1940s, people reside in areas

) . o that were previously uninhabited, and residents noticed more

From the presented results, an obvious risk situation arosg,ants while they became more susceptible to slope pro-

during the second half of the last century. This situation iS.asses because of snow-avalanche and debris-flow deposits
due to a combination of snow-avalanche/debris-flow activity, fie|ds. material or human damages. Then, the number of

and residence location. Nevertheless, the increasing numbg{,cmented or reported events is a function of the population
of recorded events with time during the 20th century could bedensity in a specific area.

explained by the increasing land occupation during the same

period, as both trends are parallel: at the beginning of the When looking at this situation from a dynamic point of
20th century, people moved from place to place more tharview, a catastrophic scenario is easy to imagine. People
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@ Distribution of recorded destructive debris flows
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Fig. 9. Recorded destructive and fatal debris flows in North-western Iceland.

are putting themselves in danger because they do not urmade: (1) fatal accidents were very rare and scattered dur-
derstand the natural slope activity, despite the numeroudng the last century, and (2) the construction period was very
landforms visible on slopes that clearly indicate that snowcalm. Then the impact of slope processes was very low on
avalanches and debris flows are active (Decaulne, 2001a, liphabitants. Moreover, the debris flow impact is lower than
2002, 2003; Decaulne and Saemundsson, 2003; Saemundat of snow-avalanches, in term of risk understanding. This
son et al., 2003). At this stage, it seems obvious that thesituation is worsened by the scattered direct impact on local
impact of slope processes on different people is different acpopulation, which puts a curb on risk awareness.

cording to different perceptions and points of view, for the Regarding the construction period, from 1940 to 1980, it
geomorphologist, the slope processes impact on populatiorgorresponds to the most favourable climatic space of time:
so vulnerability and risk is a combination of occurrence fre- on figure 10, the climatic trends from 1823 in the oldest me-
guency and magnitude. For the inhabitants, the risk is aeorological station of Iceland, Stykkisholmur, in the north-
question of calamitous events frequency. Then, without go-ern bank of the Snaefeslines peninsula (75-100 km from the
ing far into psychological aspects, the risk perception is dif-study area), are shown. The trend is parallel to that from
ferent according to social or geomorphic issues (RohrmannWestfjords data, where the temperature values areC0.5
1999). Here, a comparative study is undertaken on the fivdower. The mean annual temperature (A) rose more than
sites, highlighting the number of recorded destructive snow1°C from the 1920s to the 1970s. The mean annual pre-
avalanches, i.e. those that caused material damages (brokeipitation evolution (B) increased during two-three decades
fences, houses, cars), and number of recorded fatal sno¥e1920s-1940s), and then decreased noticeably. During this
avalanches (Fig. 8). The same study is carried out for detime, the mean annual atmospheric pressure (C) slowly in-
bris flows, underlining the low number of destructive eventscreased, while temperature rose and precipitation lessened.
and the absence of victims (Fig. 9). Two observations can b&he upper part of the Fig. 10 give a brief statement of the
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