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In northern communities, there is growing concern about the impacts of climate change on communities and
their local environments. This study explicitly documents the impacts of climate change on the trail networks
of one Naskapi and three Inuit communities of Northern Québec. Interviews and
cartographic documentation conducted in February and March 2004 with local experts reveal that although
climate change seems to have had little impact so far on the trail network of the inland Naskapi community,
travel risks linked to increasing ice instability and weather unpredictability are becoming key safety issues in
the three Inuit coastal communities. Comparison of local expert observations of changes with instrumental
data yielded mixed results. Summer and fall mean monthly temperatures appear to be associated with trends
in later freeze-up and earlier break- up of landfast ice reported by local experts, but climatic indicators
relevant to this issue need to be further developed with the communities to more precisely define the timing
and causes of ice formation and retreat. Analysis shows that weather unpredictability cannot be captured
precisely using temperature values alone. For monitoring of local changes and prediction of potential
community impacts, climatic indicators relevant to this issue must be developed taking into account
instrumental data as well as local knowledge including, but not limited, to temperature.

The three Inuit communities are already employing forms of adaptive responses to cope with the increasing
risks they report. To date, these adaptive strategies seem to buffer climate change impacts on access to
resources since no changes on the location of hunting and fishing grounds were reported. Nevertheless, if
climate change is to occur in Arctic regions at a rapid rate, as predicted, this may pose unprecedented
challenges to northern communities. Present day adaptive responses and knowledge of local changes may not
be enough to face new and quickly changing environments.

Résumé

Les manifestations du changement climatique au Québec nordique font I'objet de préoccupations importantes
chez les populations résidentes. Le projet en cours documente directement les impacts des changements
climatiques sur les réseaux de sentiers permettant l'acces aux territoires traditionnels et aux ressources
dans une communauté Naskapie et trois communautés Inuit du nord du Québec. Des entrevues et une
documentation cartographique menées en février et mars 2004 aupres d'experts locaux ont révélé que les
changements climatiques ne semblent pas avoir eu d'impacts manifestes sur les réseaux de sentiers
des Naskapis. Par contre, I'acces au territoire des communautés inuit a €été réecemment affecté par une augmen-
tation de l'instabilite de la glace et de I'imprévisibilité du climat. La comparaison entre les observations des
experts locaux et des donnees instrumentales a montre certaines discordances. Les températures moyennes
des mois d'eté et d'automne semblent associ€es a un gel tardif et un dégel hatif de la banquise. Par contre, les
indicateurs climatiques permettant de caractériser le comportement de la banquise doivent étre développés
de maniere plus approfondie avec les communautés afin de caractériser les causes et les périodes de forma-
tion et de retrait de la glace. L'analyse des températures quotidiennes a montré que l'imprévisibilité du climat
ne peut étre caractérisée en utilisant uniquement les températures. Afin de faire le suivi des changements
locaux et de predire les impacts potentiels des changements climatiques sur les communautés, des indicateurs
climatiques doivent cire développeés en tenant compte des données instrumentales et des connaissances
traditionnelles incluant les températures, mais aussi d'autres variables climatiques.
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According to the most recent report of the Intergovernmental Panel on
Climate Change, the sub-polar regions will be the most affected by global
warming and may experience shorter winters and significantly warmer
summers in the future (IPCC, 2001). Such changes in climate may impact the
way in which subsistence-based northern communities can access land
resources. For example, these new conditions may reduce by several weeks
the period when it is safe to use ice trails, both inland and in coastal areas, a
situation that has already been experienced by Northern communities of the
Northwest Territories, Nunavut and Alaska (e.g. Fox, 2002; Kofinas and
Communities of Aklavik, 2002; Nickels et al., 2002; Norton, 2002). Northeastern
North America has been less affected by global warming than the northwes-
tern part of the continent (IPCC, 2001). However, there have been recent
reports of climate change impacts on access to territory in Northern Québec
and Labrador, where unpredictable weather patterns and ice instability were
shown to negatively affect traveling conditions (Furgal et al., 2002; Furgal and
Communities of Labrador, 2003; Furgal and Communities of Nunavik, 2003).
This can change the timing at which areas are reachable and hinder access to
migrating wildlife (e.g. Thorpe et al., 2002), thus causing significant socio-
economic and health problems, such as potential diet changes or
abandonment of traditional hunting and fishing grounds.

. Following on the work of Furgal et al. (2002) and Furgal and Communities of
Nunavik and Labrador (Furgal and Communities of Labrador, 2003; Furgal and
Communities of Nunavik, 2003), this study documents the impacts of climate
change on trail networks which provide access to traditional territories and
resources for four Northern Québec communities (Figure 1). Both traditional
and scientific knowledge are used here in order to provide a better
understanding of the scope of changes that alter access to land and resources.
Community perspectives on climate change are compared to instrumental ice
and meteorological data in order to determine potential climatic indicators
that relate closely to northern priority issues for northern communities. Such
climatic indicators are needed to help ensure that global climatic scenario
outputs are relevant at the local scale.



This study constitutes a first step in developing an adaptation toolkit comprised of trail maps, risk assessment maps,

a documentary video, and a guide of adaptation measures which will assist communities in land use planning and

development of appropriate adaptation strategies in relation to climate and environmental change.
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Figure 1. Location map showing the four communities involved in the project, the former trading posts mentioned by local experts, and the meteorological
stations used for climatic data analysis.

1 Methods

-t

Interviews with northern residents and analysis of climatic datasets are the main components of this
evaluation of trail network changes. Interviews were conducted in the Inuit communities of Kangigsujuag,
Umiujaq, and Kangigsualujjuaq, and in the Naskapi community of Kawawachikamach (Figure 1).

.1 Communities involved in the project

1.1 Inuit communities

Kangigsujuaq, Umiujaq, and Kangigsualujjuaq are part of the Nunavik region, which spreads across the northern
portion of the province of Québec (Canada), north of the 55th parallel (Figure 1).Approximately 10 000 people
reside in Nunavik and are dispersed among the fourteen communities located along the coastal areas, each
having between 200 and 2000 residents. Inuit comprise more than 85% of the population and more than half of
Nunavimmiut are under the age of 25 (Statistics Canada, 2001). Subsistence activities remain a crucial part of the
Inuit lifestyle and of the region's econo my. Caribou, small game, wildfowl, beluga whales, seals, walrus, and polar
bears, as well as various freshwater and marine fish, are harvested in the region.

Kangigsujuaq is located in the very northern portion of Nunavik along the Hudson Strait coast and north of
treeline in the tundra biome. A trading post was first established on the site in 1910 and there has been
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continuous occupation of the site since then (Makivik Corporation, 2004). Approximately 535 people now live
in this community (Statistics Canada, 2001).

Umiujaq is located on the Hudson Bay coast, at the northern tip of Lac Guillaume-Delisle, which marks the limit
between the tundra and the forest-tundra biomes. It is the smallest of the three communities involved in the
project with a population of about 350 residents (Statistics Canada, 2001). It is also the newest village in the
region, having been constructed in 1985-1986 when some of Inuit living in Kuujjuaraapik moved to Umiujaq in
order to preserve their traditional lifestyle (Makivik Corporation, 2004).

The largest of the three communities, with 710 inhabitants (Statistics Canada, 2001), Kangigsualujjuaq was
constructed in 1962 at the mouth of the George River, just south of treeline in the forest-tundra biome, after Inuit
of the area established the first co-operative of Northern Québec on the site (Makivik Corporation, 2004).

1.1.2 Naskapi community
Kawawachikamach is located in the forest-tundra away from any coast line (Figure 1). Subsistence-based
activities are still an important part of the Naskapi lifestyle. Caribou, freshwater fish, small game and wildfowl
are harvested by the community. The Naskapis now located in the community of Kawawachikamach were
g relocated numerous times during their history. In the first half of the 20th century, the Naskapis tirst moved from
Fort Chimo to Fort McKenzie in 1915, then from Fort McKenzie to Fort Chimo in 1948, and
finally from Fort Chimo to Schefferville in1956 (Naskapi Nation of Kawawachikamach, 2004). Once in
Schefferville, the Naskapis moved more than once in the area until the community was relocated to the present
site of Kawawachikamach after the majority of the Naskapis voted for the relocation in 1980.The Fort McKenzie
area is still considered traditional hunting ground by the Naskapi Elders. There are now about 540 inhabitants in
Kawawachikamach (Statistics Canada, 2001), the vast majority of which are Naskapis.

1.2 Local expert interviews

A team meeting of the project leaders and the local researchers from the three Inuit communities was first

organised to review the objectives and goals of community interviews, to improve the preliminary interview

guidelines prepared by the project leaders and one of the local researchers prior to the team meeting, and to
'. train local researchers on interviewing techniques. In Kawawachikamach, discussions between one of the
project leaders and the local researcher were made for the same purposes prior to conducting the interviews.
Participatory research methods were used to document traditional knowledge insights on climate change
impacts on trail networks. Traditional knowledge is defined here as « a cumulative body of knowledge, practice
and belief, evolving by adaptive processes and handed down through generations by cultural transmission »
(Berkes, 1999), Semidirected and unstructured interviews were used to gather local-scale knowledge from
community members having an extensive and thorough understanding of the area in order to provide a source
of climate history and baseline data in each of the four communities (as in Riedlinger and Berkes, 2001; Bernard,
2002).All interviews were conducted between February 11 and March 22, 2004 by the local researcher in each
community.

e d

Using topographic maps, semi-directed interviews were conducted with local experts about perspectives of
changes in access to hunting, fishing, and trapping sites, traditional traveling routes and the mobility of animal
populations. The changes that climate-related variables have caused and may continue to cause on these
activities were also investigated. In Kawawachikamach, an unstructured interview was conducted at the request
of two participants who were not comfortable with the use of geographic maps. Most interviews were
conducted with one local expert at a time, but in Kangigsujuaq and Kawawachikamach, some participants felt
more comfortable being interviewed in pairs (Table 1). Fourteen men and four women were interviewed. All
participants but one are more than 45 years old and have a lot of experience on the land. The younger
participant is an active hunter and has a good knowledge of actual trail conditions. Interviews were conducted




in wintertime, which may present a bias towards winter observations. Interviews were recorded using a digital
recorder and then transcribed. Dialogues from the interviews were analysed by systematic coding leading to
category development (as in Tesch, 1990; Bernard, 2002).

Table 1. Number and type of interviews for each community

Semi-directed Unstructured
interviews interview
One participant ~ Two participants Two participants Total number of
participants

Kangigsujuaq 1 2 5
Umiujaq Kl 4
Kangiqsualujjuaq 4 :
Kawawachikamach 1 1 1 S

1.3 Instrumental meteorological database
Changing climatic and ice conditions were documented through the analysis of available data from the
meteorological stations of Environment Canada (Figure 1) and from the ice charts of the Canadian Ice Service.

Schefferville, Kuujjuaq, and Kuujjuaraapik meteorological stations have the longest and most complete
meteorologic datasets of Northern Québec, with continuous recordings starting in the 1950s. Mean monthly and
annual temperatures, as well as mean monthly and annual daily temperature variability, were calculated. The daily
variability in air temperature was calculated using

y|=Td -T(d-1)
where |y| = absolute value of the daily temperature variability, T = temperature in °C,and d = day. I

Linear regressions were computed both for the complete record length and for the recent period, starting in
1990. Kuujjuaraapik, Kuujjuaq, and Schefferville datasets start in 1955, 1957, and 1955 respectively when
considering only the periods without major gaps in data. For the complete periods, 1 1-year smoothed average
curves were applied to show decadal trends.

Only temperature records were used from Environment Canada meteorological stations. Wind and precipitation
data show great variability related to onsite data collection and may not be reliable without a thorough .
investigation of the datasets, which will be conducted during the next phase of this project.

Sea ice charts were used to document fast ice conditions close to the three Inuit communities. Although landfast I
ice should be recorded on the ice charts produced by the Canadian Ice Service, landfast ice of the Nunavik )
coastal areas was not systematically documented. Nevertheless, information on ice concentration and thickness
was available, even if fast ice was not always identified per se. Etkin (1991) suggests that pack ice break-up and
freeze-up timings could arbitrarily be defined by the time at which the majority of the ice cover dropped (or
increased) to 50% of the defined area. Since ice thickness is a key element for safety while traveling on ice trails,
Etkin's threshold was modified slightly to include an ice thickness component: the 50% requirement must be met
in conjunction with the disappearance (or reappearance) of grey-white ice (15-30 ¢cm thick). For the freeze-up
season, fast ice appearance (if recorded) replaced the previous threshold.
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The Canadian Ice Service ice chart weekly or bi-weekly temporal coverage sometimes only starts in June. Prior
to that, the ice charts are produced on a monthly basis. When the break-up occurred during a period with
monthly resolution, the date obtained was not used for further analysis. As a result of the sampling frequency,
break- up dates used here are accurate within two weeks. Freeze-up dates could not be computed using ice
charts since the Canadian Ice Service weekly or bi- weekly temporal coverage often starts after the break-up
occurred around Nunavik coastal areas. The dates could only be accurate within a month, which was considered
as too coarse a resolution to study fast ice freezeup trends in Nunavik.
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Many things have happened since Inuit and Naskapi lifestyles changed from nomadic to more sedentary
community based living, but the use of trails for harvesting activities and the fact that risks are always involved

while out on the land still remain part of Inuit and Naskapis everyday life. The switch to motorized means of ==
transportation is one of the main changes that have occurred in trail use, with the most noticeable effects on

safety issues rather than on the trail network per se.

2.1 Means of transportation and trail use

The introduction of snowmobiles, motorized canoe/boats, four-wheelers, trucks and even airplanes
obviously had an impact on Inuit and Naskapis access to resources. However, the traditional trail networks and
their main purposes remain mostly unchanged, at least for the Inuit communities participating in this study
(Figure 2, Figure 9).Apart from the walking trails which are much less used today (Figure 6 to Figure 9), traditional
Inuit dogteam and kayak trails are generally still used for hunting, fishing, trapping, or traveling to other
communities. Since the Inuit moved into permanent settlements, the farthest traditional trails are not used on a
regular basis anymore, but all traditional trails are still accessible and therefore cannot be described as having v
been “abandoned”. The recent move from Kuujjuaraapik to Umiujaq did not change the trail network to a great
extent since the area surrounding Umiujaq was already part of the traditional trail network, even before the
creation of the new village. The situation is different for the Naskapis, whose relocation from Fort Chimo to the
Schefferville area in 1956 implies that Elders now live far from the hunting grounds of their youth. Naskapi Elders
still consider the Fort Chimo and Fort McKenzie areas as their traditional hunting grounds, but now hunt, trap,
and fish mainly in the Kawawachikamach area.

Changes in modes of transportation have resulted in some minor changes in trail use. Dogteams are efficient in
rough terrain, while snowmobiles are mainly used on flat areas, avoiding forest patches and steep, rocky slopes.
Nevertheless, snowmobile trails are more numerous than dogteam trails since snowmobiles are more
manageable and can reach a distant objective much faster. Most importantly, the change from dogteam to
snowmobile had an impact on travel safety. Dogs can feel unstable ice, and therefore act as early indicators of
risky areas, and can pull a sleigh out of cold waters if it happened to be caught in breaking ice. With
snowmobiles, one has to be more alert, and there is always the risk of mechanical problems.
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2.2 Hazard awareness

Increased risks associated with travel and hunting did not suddenly appear with the transition from dogteams
to snowmobiles. Northern subsistence-based communities have always been confronted by risks associated with
travel. Drownings while out with dogteam, holes in canoes, and animal attacks are part of the oral tradition of
Inuit and Naskapi communities. At present, incidents related to boat or snowmobile engine problems are often
reported. Impeded visibility before nightfall (flat light) has resulted in several snowmobile accidents. People have
been stranded on drifting ice while seal hunting. Four-wheelers may tip over on steep hills. Avalanche-prone
areas are numerous in the region. Travel safety is therefore of obvious concern to both Inuit and Naskapis.
“Hazardous” or dangerous zones are part of all trail networks (Figure 10 to Figure 13 and Figure 9) and are well-
documented in the collective knowledge of communities.
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In all three Inuit communities, dangerous areas are mainly related to ice instability, which affects snowmobile
travel safety in late fall, winter and early spring. In coastal areas, thin ice and/or open water is caused by currents
formed at river mouths (Figure 10 to Figure 12), near mainland/island points which are often very shallow
(Figure 10, Figure 11), or - in the case of Lac Guillaume-Delisle - along the narrow channel connecting the Lake
to Hudson Bay, where tidal currents keep the ice from freezing, even well into Hudson Bay (Figure 11).

Along all the points, it is always open water or very thin ice. You could just fall through while on it. Anybody
who doesn't have much experience, they could think it is a good area, but it's dangerous (Davidee Niviaxie,
Umiujaq)

The most dangerous area is the Bay where the river ends. For example in the spring there are currents. It's
the worst in spring. I am scared to go into the open water in the coastal areas (Susiec Morgan,
Kangiqgsualujjuaq).

Wintertime inland hazards are related to thin or absent river ice along rapids or where creeks/rivers enter a
larger water body, such as a lake or a larger river (Figure 10 and Figure 12). These hazards are especially
noticeable during freeze-up and break- up, but can occur throughout the winter season.

In Quurgualuk, there is a spot that never freezes all year round because of the river currents (...). Someone
who doesn't know the land shouldn't try to lead because there are some dangerous spots in that area
(Pitsiulaq Pinquatuq, Kangigsujuaq).

For the Koroc River, there are creeks flowing into the Koroc River. I know this is the river that melts the
fastest in spring. There are fast currents, rapids, ice, and the snow melts faster than other rivers (...). The
Koroc River is the most sensitive to heat of all the routes I know (Tivi Etok, Kangigsualujjuaq).




In Kangigsujuaq and Kangigsualujjuaq, tide movements must be taken into account to ensure travel safety while
on the ice.

When we go seal hunting and it is extremely cold, if anybody wants to go seal hunting in open water, the
person has to be very careful. I would check on the tide first before 1 go seal hunting. Wait until the tide gets
low. If T get to the edge of ice and the tide is rising, I wouldn't want to stay there when the tide is getting
low. I'd rather not go beside the open water when the tide is getting low because when the tide goes down,
there is a current: everything goes down.The ice breaks and you could leave with the ice. You know when
things are frozen, they can break easily, same thing with the ice when it is too cold (Pitsiulag Pinquatug

Kangiqsujuaq)

We were seal hunting on the edge of the ice, the ice broke and we started drifting towards the Koroc River
I'he ice broke loose while the tide was going down and we were quite far away from the coast (Johnny Sam

Annanack, Kangigsualujjuaq).

In Kangiqsualujjuaq, risky areas are also identified for the summer time (Figure 13). Dangerous areas were
reported near Kawawachikamach only for the summer season (Figure 9). These areas relate to rapids and falls on
rivers, and also to tidal currents in Kangigsualujjuaq.

I'here is one place that is very dangerous.There are high cliffs and it is very narrow to go through by canoe
You have to go through there to get to the other side of the river. I tie the rope to my canoe and 1 let it slide

down the river (Joe Guanish, Kawawachikamach)

I travelled to Nachvak from George River. Two times. Looking for eider down. If vou know where vou are
going, if you are familiar with the area, that wouldn't be a problem. If you don't know the area, it is not a
B dd |3i.1t ¢ to be because it is very narrow with fast currents, You have to know what to expect in that area
How the water is when it is windy. And you have to be aware of the tide when it is very windy. Especially
for the Killiniq area, the channel is fast because it is narrow. You have to know where vou are and if yvou are
not familiar with the area, you have to respect the people who are, because you have to be aware of the wind
and the tide.You have to rely on the tide to go through that channel. If you go when the tide is going down
in that cha nnel, it is going to be very fast current and rough. For that channel, you have to be aware where
the currents are flowing, it flows both ways because of the tide (Johnny George Annanack

Kangigsualujjuaq)

As many local experts mentioned, knowledge of the area - or accompanying people who have this knowledge
- can greatly increase travel safety.
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Climate change and access to resources: perspectives from the communities
Going out on the land presents many challenges and one has to know where the dangerous areas are so as to
prevent risky situations. Furthermore, dangerous areas are not static, they can change over time. However, trail
changes were reported by residents of the three Inuit communities and some of these changes are related to cli-
mate. It is noteworthy that although negative impacts on wildlife by former mining activities were reported, no
climate related changes were reported in Kawawachikamach. Indeed, interviews conducted during the winter
2004, during a student’s bachelor degree project, showed that in the Schefferville area, mixed perceptions of
climate changes were reported with definite warming trends mentioned by some hunters and cooling trends
mentioned by others (Katy Langlois, personal communication). Accordingly, one out of four interviewees in
Kangigsualujjuaq did not report climate-related trail changes. Changes such as path erosion by four-wheelers and
sea level lowering were also identified. Many studies showed that sea level lowering in Nunavik is related to
glacio- isostatic rebound (Gray et al., 1993; Lajeunesse and Allard, 2003) and are therefore not climate related.
Observed changes that occur without climatic forcing imply that, although climate change is having an impact
on trails in Inuit communities, it may not necessarily be the sole environmental change of concern to Inuit
communities, and it is certainly not a priority in Kawawachikamach, at least at this point in time. Nevertheless,
climate change does seem to have an impact on travel safety and must therefore by taken into account for

sustainable access to land and resources and health and safety reasons.

3.1 General climate changes observed in the communities
Preliminary results suggest that Nunavimmiut accounts of climate-related changes are broadly similar in all three
Inuit communities visited. Warmer temperatures, decreased inland snow depth and late sea- ice freeze-up and/or
carly break-up were repeatedly stated as highly noticeable, albeit not necessarily observed in all three
communities (Table 2). These changes greatly affect the annual season cycle.

For the winter months, the timing was pretty accurate for freeze- up and amount of snow. For example, back
then December was colder than the freezing point. When I was a boy, during the winter season between
December and February, it was colder.And springtime was on the right beat with the month.The timing was
just right for the month and the season (Tivi Etok, Kangiqgsualujjuaq)

We get ice very late nowadays, even when it is already supposed to be frozen. Spring is carlier, in spring time
there used to be ice, but now it melts a lot earlier than before (Eyuka Pinguatuk, Kangigsujuagq)

First time [ find February warm like this. In Inuttitut, February is called Nalirqgaitug, which means: there is no
other time like this, the coldest month of the vear. Inuit named it in the way that there will be no other month
like that (Amaamak Jaaka, Kangigsujuaq).

There used to be winter for seven months. But now it is only for five months.This has affected me very much
It is totally different now (Davidee Niviaxie, Umiujaq)
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Table 2. Observed climate-related changes in Kangigsujuag, Umiujag, and Kangigsualujjuaq

Kangigsujuag Umiujag Kangiqsualujjuag
Ice Early sea ice break-up Early sea ice melt Late freeze-up
Early lake ice break-up Early melt (land) Thinner lake ice

Late freeze-up

Snow Less snow inland Unpredictable snowmelt Less snow inland
Many snowmelt episodes More avalanches
before permanent snow
cover

Less snow inland

Temperature/ Varmer winter More heat from the sun Warmer winter
sun Warmer (in general) More extremes in warm ‘armer summer
(not cold and cold temperatures

for long periods)

Wind Windy more often More windy
Wind more violent

Weather Unpredictable weather
Rainy days in February

Rivers Lower levels

Other climate-related changes were reported locally. An increase in wind frequency and intensity was reported
for Kangiqgsualujjuaq and Kangiqsujuaq. In Umiujaq, the onset of the permanent snow cover in early winter is
not as predictable as it used to be. Before, the first November snow usually stayed on the ground, but now there
are many snowmelt episodes before the onset of a permanent snow cover as late as December. Weather was also
found to be more unpredictable in Umiujaq. Unpredictable climate was not mentioned in Kangiqsujuaq during
this series of interviews, but was reported in community workshops by Furgal and Communities of Nunavik
(2003b) in this community. Thinner lake ice and an increase in avalanche frequency were also reported for
Kangigsualujjuaq.

.2 Climate change impacts on trail networks

Weather unpredictability has had some impacts on trail networks, with some hunters choosing not to travel far
from shore by boat or canoe in order to avoid unexpected bad weather. To date, this does not seem to have
affected access to the territory in any major way. On the other hand, increased ice instability seems to have had
the most important effects on Nunavimmiut trail networks with these changes affecting mainly dogteams, where
dog mushers are still active such as in Kangigsujuaq and Kangigsualujjuagq, and snowmobile trails. Specific areas
with increased risks were mentioned by the local experts especially in the coastal areas (Figure 10 to Figure 12).

In Kangigsujuaq, changes reported appear to be quite recent. In Wakeham Bay, unstable ice conditions are now
present on the path of a late fall and spring snowmobile trail (Figure 10). This part of the trail used to be
accessible in late fall, but in February 2004, it was still only covered with thin ice. Further north, near Aniuri
Island, there is also a new dangerous area on a winter trail path that was usually frozen by January, but the 2004




winter has also seen this area remain unfrozen as late as February. Furthermore, Joy Bay is usually frozen by
January, but again, it was still not frozen by February 2004.

This is a trail [Wakeham Bay area] that I take in springtime. We used to go there a lot but now it doesn't freeze
anymore.This other trail [near Aniuri Island] is a trail I use in winter, but it is harder now because of thin ice
and currents. It doesn't freeze anymore (Young hunter, Kangigsujuaq)

Ihese areas [Wakeham Bay and Aniuri Island] are usually accessible in January, but this year we are in
February and we are still not able to use those trails. For this month, February, it's never been dangerous
lhese places should be frozen by now (Pitsiulag Pinquatuq, Kangigsujuaq)

Winter 2004 seems to have been a special year in Kangigsujuaq and this may reflect only a discrete unusual
winter not directly related to any climate warming trend. But preceding years have also seen some changes in
trail paths, with one area in Joy Bay opening more and more every year and Wakeham Bay being less accessible
in spring.

In Umiujaq, there seems to be an increase in sea-ice instability in many coastal areas that are already known to
be dangerous (Figure 11).These changes seem to have occurred in the recent past, i.e. during the last 20 years,
but the timing of this issue was not explicitly discussed by local experts in Umiujaq.

We were able to use all the points back then. Even near the shore, we used to use them, even in spring. But
now we don't use them as much because the ice goes too fast. They are going to start melting in March
nowadays. Back then, these routes were accessible even throughout the month of May. In the middle of
March, these sensitive areas are no longer accessible nowadays (Elder man, Uminjaq)

Before, we could go along the shore in front of Umiujaq all the time. Now you have to be careful. It is only
during real winter that you can use that area (...). In May, the whole area is no longer useful. Back then we
could have used dogteams. But now it is melting faster, the ice is going out faster (Davidee Niviaxie, Umiujaq).

In Kangigsualujjuagq, trail changes seem to have occurred mainly near the mouth of the George River some four
or five years ago (Figure 12).

There is thin ice nowadays on the George River. It hardly freezes up and the route is more on the mainland
(Susie Morgan, Kangigsualujjuaq)

The dogteam trail is not the same anymore. This used to be flat, but it is all ice piled up from strong currents
(Tivi Etok, Kangigsualujjuaq)

It is worth noting that even though the George River snowmobile trail was affected by climatic changes, it is not
aregularly used trail anymore since it became a secondary trail after settlement in Kangigsualujjuaq. On the other
hand, climate change impacts on inland rive and lake ice trails were also reported in this community.

I'he land is changing too.There is a big change. Back then we used to have a snowmobile race at Christmas,

but nowadays we don't have it anymore because of late freeze-up (Susie Morgan, Kangigsualujjuag)



In all three Inuit communities, climate change seems to have had an impact on the trail network and this is
reflected primarily in the timing of freeze-up and break- up of the ice. In Kangigsujuagq, the break-up used to be
in June, but now it is in May. In Umiujaq it used to be in May, but now it is in March.The break-up was reported
to be almost one month earlier than before in these two communities.

There is some uncertainty pertaining to the timing of climate-related changes in all three communities. Cross-
validation during a follow-up workshop will allow clarification of this timing issue.

3.3 Coping with climate change impacts on the trail networks

Local expert reports on climate change impacts on trails suggest that this is an important issue for travel safety
and timing of access to resources. Nevertheless, Inuit have always lived in a highly variable environment, with
changes in past and present climate and resource availability being the rule instead of the exception (Krupnik,
1993; McDonald et al., 1997).Adaptive responses to changes in trail networks are part of Inuit flexibility towards
change.Two such adaptive responses are used so far in Nunavik to minimize travel risk associated with climate
change.The first consists of slightly modifying the travel path and the second of using alternate trails.

The first response is commonly used by the three Inuit communities, both for winter and summer traveling. It
consists of local path modifications that do not induce major trail changes. Such small path modifications may
be used not only to cope with climaterelated trail changes, but also offset any local disruption of pathways.
During the summer season, one can slightly modify a canoe or boat route by navigating close to shore to avoid
unexpected bad weather. In winter, small path changes usually involve steering clear of sensitive areas.

We are able to use this trail, but now vou cannot go straight because of the thin ice around Wakeham Buay
I'his is the only area you have to avoid (Amaamak Jaaka, Kangigsujuaq)

When I go to Kunjjuaraapik by skidoo, I realize that Tuksujuk area is getting more and more dangerous each
vear due to the ice not being stable. I go way into the sea: never go close to the shore. If this road is too

rough, I can also use an alternative route: the one where the Crees cut trees (Elder man, Umiujaq).

This last report from Umiujaq reflects the second response of using an alternate trail to reach the same area. In
Umiujaq, one widely used alternate winter trail is the new trail south of Tuksujuk where the Cree recently cut
trees to ease the way to the Lac Guillaume-Delisle area (Figure 11). In Kangigsujuaq, two examples of alternate
trails further illustrate this second adaptive response. First, to reach Tasialujuaq, a winter hunting and fishing area
located northwest of the community, there are four possible alternate in the first section of the trail (T1,T2,T3,
and T4 on Figure 10).T1 is a snowmobile trail used in fall/spring before/after the coastal zone freezes. When the
sea ice is frozen, trails T2 or T3 are used since they are more direct. During the coldest winter period, when sea
ice near Aniuri Island is finally frozen, trail T4 is used.As mentioned before, trail T4 is less used nowadays because
of increasing ice instability. But this does not impede access to Tasialujuaq since other trails are available. T1-T4
remain the main trails, but other secondary trails are present, as can be seen in Figure 10.

The second example in Kangigsujuaq is illustrated by the different trails that can be used to reach Itirviuarjuk
(trails I1 to I4 on Figure 10).Trail 11 is a snowmobile trail used in fall for fishing or caribou hunting even before
the coastal ice freezes. Later, when there is more snow, trail 12 can also be used. When the Bay is finally frozen,
trail I3 is the preferred trail. In spring, trail 14 is normally used, but not as much as before since the sensitive area
in Wakeham Bay does not freeze anymore. Here again, using different trails according to trail conditions allows
for access to resources even if there is ice changes and instability in some areas.




On the whole, the second adaptive response usually consists of using more inland trails to avoid sensitive areas
along the coast.

Before, we used to go around the blue trail Aniuri Island by skidoo, but now it melts so quickly and the ice
doesn't get thick enough to go around the unstable ice. When it is like that, we try to avoid it by going more
inland (Pitsiulaq Pinquatuq, Kangigsujuag).

[he Bay freezes up late. That is how the trails are changing. It takes longer for the bay to freeze up because
it is salty. We are using the routes more inland nowadays, not the coastal ones, because of late freeze-up (Susie

Morgan, Kangiqsualujjuaq)

On the George River, nowadays there is thin ice. It hardly freezes up and the route is more on the mainland
(Susie Morgan, Kangiqsualujjuaq)

These adaptive responses lower the impact on access to resources by allowing access to hunting and fishing
areas under many different trail conditions. But if timing of access was to change because of increasing ice
instability, this could impede access to resources in spring and fall, when migrating wildlife has already left the
area. Indeed, local experts in Kangiqsujuaq reported that specific trail changes impact access to territory with
some areas no longer easily accessible at the usual time of the year.

Nowadays, it is hard to go to the places we used to go. I remember on June 21,1 went to Igalukkait on
skidoo! On our way back, there were some holes in the ice, but we were still able to come back. But now, it
is not possible to go there in June, not even close to June. In May we stop going there. We also used to go
north to Tasialujuaq in June, now it is impossible (Eyuka Pinguatuk, Kangigsujuaq)

Going out on the land is naturally done according to seasonal trail characteristics. So far, freeze-up and break-up
timing shifts observed by Nunavimmiut (Table 2) may have changed the timing when one area is reachable, but
no hunting or fishing area seems to have been abandoned for safety reasons and no shifts in the resources
harvested was reported in any of the three Inuit communities. But if climate changes were to induce a larger shift
in the timing of shoulder seasons, there is a possibility that resources may not be available at the time the area
is reachable. Then, abandonment of hunting and fishing areas would occur. This could result in much
uncertainty in resource availability and have a strong impact on cultural identity and potentially health, even
though replacing abandoned harvesting areas with new ones is an adaptive response inherent to the flexible
Inuit way of coping with a highly variable environment (Krupnik, 1993).

The extended trail networks with their many alternatives to reach the different harvesting areas are a very clear
illustration of Inuit adaptive capacities. Since both inland and coastal resources are harvested, there are many
possibilities for adaptation measures in the face of climatic variability (Krupnik, 1993). As for the Naskapis, the
wide trail coverage around the Kawawachikamach area also points to a very adaptive system of access to
resources, but it is not possible at this point to expand further on this subject since no trail changes were
recorded. Nevertheless, if the predicted climate change is to occur at a rapid rate, as is predicted (IPCC, 2001),
this may pose unprecedented challenges to northern communities. Present day adaptive responses may not be
enough to face new and quickly changing environments.
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Types and ranges of climate change predicted by climatic scenarios can be used to facilitate decision making on
mitigation and adaptation measures. Unfortunately, temporal and spatial scales of climatic scenarios are often too
coarse to be applied directly at the local scale. Moreover, the climatic indicators used for prediction, such as
mean annual temperature, are often of little use when applied to every day life. One way of filling this gap is to
use instrumental data to find relevant climatic indicators that closely reflect northern community conditions,
such as those expressed by local experts drawing on traditional knowledge (Berkes et al., 2001). By integrating |
such indicators into climatic scenarios, the science of climate change could become an applied "people's |
geography" (sensu Duerden and Kuhn, 1998), with climatic scenario outputs more readily accessible for
decision-making at the local scale. Local experts of Kangigsujuaq, Umiujaq, and Kangigsualujjuaq reported that
increasing ice instability and weather unpredictability are becoming key issues impacting travel safety. Since no

climate change impact on trails was reported by the Naskapi local experts, the climatic reconstructions will
focus mainly on the Kuujjuaq and Kuujjuaraapik meteorological stations.

4.1 Temperature and ice instability
Using sea ice charts from the Canadian ice service, Houser and Gough (2002) recently showed that no
significant trend could be identified in the timing of pack ice formation and retreat within the Hudson Strait for
the 1971-1999 period, but significantly later ice formation and earlier ice retreat could be observed in the 1990-
1999 period. These later findings agree well with Kangigsujuaq local experts’ observations of later freeze-up and
earlier break-up on the south shore of Hudson Strait (Table 2), even though Nunavimmiut observations of ice
conditions relate primarily to landfast ice.

Revisiting the ice charts and focusing on landfast ice for the break-up season, differences between Houser and
Gough’s (2002) findings and local experts’ observations were seen. A significant trend towards earlier break- up
was found for the Kangigsujuaq coastal area during the 1971-1999 period, but no significant trend was found for
the recent period (Figure 14, Table 3).

In Umiujaq and Kangiqsualujjuaq, there are also discrepancies between landfast ice trends as computed from ice
charts and local expert observations. On the east shore of Hudson Bay, no trend was observed in Umiujaq for all
periods (Table 3), although local experts from this community reported that break-up is now occurring about a
month earlier than before (Table 2). In Ungava Bay, ice chart analysis shows a significantly earlier break-up trend
in Kangiqsualujjuaq during the period 1990-1999 (Table 3), although this is the only community where earlier
break-up was not reported by local experts (Table 2). On the other hand, the significant trend for the recent
period in Kangigsualujjuaq disappears when data for 2000 to 2003 are included.
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Figure 14. Landfast ice break-up timing in Kangigsujuaq, Umiujag, and Kangigsualujjuag.



Table 3. Break-up timing trends (linear regression coefficients) and their statistical significance for Kangigsujuaq,
Umiujaq, and Kangiqsualujjuaq.

Community 1971-1999' 1971-2003 1990-1999' 1990-2003
Kangiqsujuaq 0.955* -0.869* -1.146 0.372
Umiujaq -0.412 -0.331 -2.024 .712
Kangigsualujjuaq -0.789* 0.620 -3.170* -1.134
'The period ends in 1999 for comparison with Houser and Gough (2002).

* < 0.05

** <0.01

An analysis of the mean monthly temperature records shows further discrepancies with the fast ice retreat
timing obtained from ice chart analysis. Houser and Gough (2002) suggested that pack ice break-up may be
closely related to the ice season temperatures. The most obvious feature of the mean temperature record is the
significant increase in he mean December temperature for the two stations (Kuujjuaraapik and Kuuj juaq) since
the 1990s (Table 4, Figure 15 and Figure 16). Therefore, this may account for earlier breakup observed by local
experts in Kangiqsujuaq and Umiujaq, providing that December is included in the ice season, but is not
reflected in the ice chart analysis. On the other hand, the December temperature warming trend also applies for
Kangiqsualujjuaq, but no earlier break-up trend was reported by local experts in this community. April
temperatures in Kuujjuaraapik also show a significant increasing trend in the recent period (1990-2003), but
again this is not reflected in the Umiujaq break-up trends obtained from the ice chart analysis (Table 3).

The mean monthly temperature trends agree partly with freeze-up trends reported by local experts. Houser and
Gough (2002) showed that pack ice formation timing is correlated with the ice-free season length and ice-free
season temperatures. By extension, warmer temperatures in September and December (when still ice- free)
could lead to a later freeze-up. This agrees well with Kangiqsujuag and Kangigsualujjuaq local expert
observations of a later freeze- up, but does not account for the fact that no late freeze-up trend was reported by
local experts in Umiujaq.

Three factors could explain the discrepancies between Houser and Gough'’s (2002) findings on pack ice, mean
temperature trends (Table 4), local expert observations (Table 2), and fast ice timing trends (Table 3). First, land
fast ice is not only dependant upon temperature. Fast ice extension, depth, and season length are closely linked
to temperatures, but also to wind, currents, waves, and sea- level fluctuations (Norton, 2002; Divine et al., 2003).
Temperature may not be the sole factor to consider and this may be why the temperature records do not always
fit with local expert observations of progressively earlier break-up times. Second, the fast ice break-up timing
trends presented here still need improvement.The trends presented for fast ice are a first approximation since
the Canadian Ice Service sea ice charts lack precision in the nearshore environment. Moreover, the threshold we
used for fast ice disappearance may not be the best available and should be further developed with the
communities. Finally, there is the possibility that trends identified by local experts do not correspond to a linear
temporal scale, but to a diachronic one with "before” and "now" serving as arbitrary memory landmarks. This may
not be well captured by linear regression trends and further investigation on the temporal scales used by
traditional and scientific knowledge should be made with the local experts during community workshops.

The thresholds used for local observations and climatologic analyses should be further defined with the local
experts during community workshops. Fast ice monitoring by each community during freeze-up and break-up
could also be conducted to improve the thresholds. Moreover, satellite imagery might be used as a complement
to fast ice monitoring to observe present conditions. These result s may then serve as a baseline to gain a beiter
understanding of Nunavik fast ice historical trends in extension, depth, and timing of formation and retreat.












Table 4. Linear regression slopes and statistical significance for mean monthly and annual temperatures for
Kuujjuaq, Kuujjuaraapik, and Schefferville.

Kuujjuaq Kuujjuaraapik Schefferville

1955-2003 1990-2003 1957-2002 1990-2002 1955-2003 1990-2003
January 0.071 0.177 -0.019 0.304 0.058 0.238
February 0.076 0.210 -0.020 0.345 -0.068 0.220
March 0.001 0.150 0.021 0.349 -0.021 0.096
April 0.025 0.295 -0.002 0.464" -0.001 0.119
May 0.038 0317 0.028 0.405 0.042 0.401*
June 0.025 0.124 0.044* 0.190 0.013 0.137
July 0.020 0.059 0.033* 0.092 0.002 0.114
August 0.023 0.167* 0.070%** 0.105 0.039* 0.106
September 0.031* 0275 0.022 0.250* 0.040** 0.294*
October 0.020 0.144 0.007 0.156 0.000 0.119
November 0.006 0.139 0.013 0.120 0.017 0.096
December 0.030 0.817** 0.072 0.656** 0.028 0.545*
Annual 0.007 0.242* 0.023 0.287** 0.001 0.216
*p=<0.05 p=c001 50,001

4.2 Temperature and weather unpredictability
Since weather unpredictability was reported by local experts as having a negative impact on access to resources,
especially during the summer, day to day temperature variability is used here as a first approximation of

weather variability in Kuujjuaq and Kuujjuaraapik (Figure 18 and Figure 19).










Table 5. Linear regression slopes and statistical significance for mean monthly and annual daily temperature for
Kuujjuaq and Kuujjuaraapik.

Kuujjuag Kuujjuaraapik
1955-2003 1990-2003 1957-2002 1990-2002
January -0.009 €0.025 -0.003 0.077
February 0.021* 0.011 0.010 0.018
March 0.010 0.051 0.006 0.057
April 0.007 0.009 -0.002 -0.038
May 0.006 0.014 0.007 0.033
June 0.000 0.043 0.015° 0.075
July 0.001 -0.030 -0.007 0.073
August 0.007 0.002 0.005 -0.034
September 40.005 0.012 0.001 0.026
October -0.002 0.032 -0.001 -0.006
November 0.000 0.000 -0.003 -0.004
December 0.000 0.066 -0.012 -0.112*
Annual -0.001 0.017 0.001 -0.021
'p=<0,05  *‘p=<001 ***p=<0,001

Very few significant trends can be observed and there is even a trend towards lower day to day temperature
variability in February in Kuujjuaq. The discrepancy between these results and local expert observations of
increased weather unpredictability could be related, among other things, to the change from a nomadic to a
sedentary life, which implies less time passed on the land observing weather patterns and therefore more
uncertainty in weather prediction. The discrepancy may also be related to a number of sociological factors
associated with the age of participants in this study, their level of participation in land based activities today, their
general health or past experiences which all may influence their reported perception of overall increasing
weather unpredictability. On the other hand, the indicator chosen here to capture weather unpredictability is
likely far from being the most accurate and reliable for this outcome, Barometric pressure, wind, precipitation,
and weather conditions could be of much more use in indicating rapid changes in weather systems.
Unfortunately, these data are not always reliable due to instrument problems and are not often used in climatic
studies conducted in Nunavik. Nevertheless, further attention should and will be given to these instrumental
data in the next phase of this project.




Interviews conducted with local experts in Kangigsujuaq, Umiujaq, Kangigsualujjuaq, and Kawawachikamach
allowed the gathering of information on climate change impacts on trail networks, Although climate change
seems to have had little impact so far on the trail network of the Naskapis, increased travel risks linked to ice
instability and weather unpredictability are important issues for Inuit communities. Mean temperatures seem to
be correlated with the later freeze-up and earlier break-up reported by local experts, but climatic indicators
relevant to this issue should be further developed with the communities to more precisely define the timing and
causes of ice formation and retreat. On the other hand, weather unpredictability cannot be captured precisely
using temperature values. Climatic indicators relevant to this issue must take into account instrumental data
other than temperature, and much work in this area remains to be done.

Meanwhile, all three Inuit communities participating in this study reported using adaptive responses to cope
with increasing risks, such as slightly modifying trail paths, switching to more inland trails when travel by
snowmobile is hindered in coastal areas, or switching to travel near shore by canoe when unpredicted bad
weather occurs in open water. The questions remains as to whether these adaptive strategies will be enough if
future climate changes fall outside the known natural variability in this region and will younger generations learn
these adaptive ways such that they will be able to continue to pursue aspects of traditional lifestyles important
to culture, identity and health in these regions? While this project has reached the end of its first phase, these
questions are still pending. Increased knowledge of changes (past, present, and future) and their related adaptive
responses could help coping with unprecedented challenges that northern communities may experience in the
face of climate change. These subjects will form the focus of the project during its next steps while developing
an adaptation toolkit (documentary video, trail and risk assessment maps, guide of adaptation measures) for
communities. This toolkit will be based on both traditional and ecological knowledge of climate change impacts
on trail networks and will be aimed towards safer and sustainable access to traditional land and resources.




*
¥ . ‘!‘t
. ¥

For the next phases of this project and others on this subject in the region, priority should be given to:

I. Merging trail maps from this project with Makivik's extensive land use database for accurate and updated
trail maps to be used exclusively by the communities

2. Cross-validating winter 2004 results in workshops with each community involved

3. Conducting community workshops on risks and adaptation measures and characterizing the risks in more
detail (season, type, causes)

4. Establishing the harvesting cycle timing and impact of trail changes on hunting and fishing activities

5. Characterizing nearshore ice with satellite imagery (past conditions)

0. Delivering satellite remote sensing images to the communities (present conditions)

Establishing climatic indicators that fit closely with the timing of freeze-up and break-up in order to
compute them from the output of Global Circulation Models (future conditions)

8. Monitoring of fast ice, river ice and lake ice with each community

9. Deriving and validating new climatic indicators relevant to day to day Inuit and Naskapi lifestyles (weather
unpredictability, snow season characteristics, warm and cold spell occurrences)

10. Producing maps of future potentially sensitive arcas according to various climatic scenarios
11. Involving the youth in recording/mapping traditional names (search and rescue)

12. Producing an adaptation measures toolkit (video, risk assessment maps, booklet)



This project could not have been undertaken without the participation of local experts who generously agreed
to share their knowledge. We are therefore greatly indebted to Johnny George Annanack, Johnny Sam Annanack,
Jack Anonax, Johnny Cookie, Jean Einish, Philip Einish St., Tivi Etok, Joe Guanish, Ammaamak Jaaka, Susie Morgan,
Naalak Nappaaluk, Davidee Niviaxie, Donald Peastitude, Eyuka Pinguatugq, Pitsiulaq Pinguatug, Kathleen Tooma,
and Isaac Tumic. We are also grateful to the following agencies for their financial support: Northern Ecosystem
Initiative, Consortium Ouranos, Nasivvik/Centre for Inuit Health and Changing Environments, and the Kativik
Environmental Advisory Committee. This project would not have been possible without the in-kind contributions
of the Park Section of the Kativik Regional Government, the Ministere des Transports du Québec, and of Paul E
Wilkinson & Associates Inc. We would also like to thank all the individuals that gave comments and advice
throughout the project, most specially Michael Barrett and Caroline Larrivée for their continuous support. Hugo
Asselin and Tamsin Laing are also thanked for their critical review of a previous version of the report.
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Appendix : Interview guidelines
Changes in the Use of Routes / Trails : Local Expert Interviews

Introduction to Participants: We are interested in discussing any changes to the main routes within the area that
are related to changes in the environment. We are talking with people like yourself, who know a lot about the
land and the routes within this area to collect this information. We are doing these interviews in Kangigsujuag,
Umiujaq, Kangiqsualujjuaq and Kawawachikamach over the next month. We might also discuss with a small
group of people from vour community. We will be preparing a report for the KRG and the communities by the
end of March, it will be translated and then sent back to the community through the community researchers and
vou will be provided a copy.The discussion should take about 1-2 hours.

Please have them review and sign the consent form before starting
Please ask the participant if willing to disclose his/her age

Please ask the participant if willing to have the following conversation recorded

Questions
1. We are going to talk about all the routes in the area that you use. Can you please mark the routes / trails that
you use on the map?

Starting with the skidoo routes, go through each other form of transportation and give the participant the colour
marker for that form of transportation

Ski-doo Blue
Dogteam Purple
Honda Orange
Truck Green (Naskapis)
Kayak Green (Inuit)
Walking Black

Canoe Red
Speedboat Red
Peterhead Brown
Kayak Green
Trapline Pink

While the person is marking the trails on the map, please ask what the trail / route was used for and mark this
at the end of the trail with the right code (create new code when needed):

Caribou = C Polar Bear = PB Fish =F

Black Bear = BB Seali='8 Canada Goose = G
Beluga = B Fox = FX Mussels = M

Snow Geese = GE Berries = BE Walrus =W
Wooding = WD Ptarmigan = P Muskrats = M

Beaver = Be

2. Please identify on the map which routes you use most often during a single year (Interviewer: please
highlight these with a yellow pen and if it seems to cover more than one type of trail, ask interviewee if this
is for skidoo, honda, etc.)
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10.

Has these routes always been the ones you use most often each year?

Are there any important areas you can no longer get to or that you can’t get to when you normally could
before ?

Probe: Why is this area difficult to get to or no longer accessible ?

Are any of the traditional routes abandoned (not used any more)?
(Interviewer: please have the participant draw them on the map and put some x’s along the line)
Probe: When was it abandoned?
Probe:Why is it no longer used?
Probe: What was it used for before?

For yellow marked routes:
Looking at the routes you marked as being the ones you most regularly use, can you please tell if anything
about when you use it, how you use it and what you use it for has changed?

For all routes:
Can you tell us if anything about your use of any of the other routes that you put on the map has changed ?
(how you use it, when you use it or what you use it for ?)

Starting with the routes you marked as being the ones you most regularly use, are there any difficulties or
risks associated with these routes ? (dangerous places 7 dangerous times to use them ? etc.)

Are these difficulties/risks always been there or is this something recent ?
With notes: If specific changes were noted on the map, ask for each of these changes when they were first

observed
Probe: Since when has it been like that ?

1. What caused these changes? What are they related to?
2. Have you had any accidents or unexpected happenings while using any of the routes you marked on the

map ?
Probe: What happened
Probe: When did it happened
Probe: Where did it happened
Probe:What was the result / impact to you ?

General Questions

1.
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Would you say that changes in the environment influences the routes that you use ?

How ?

In general, what do these changes mean for you ? is it something important to you ?

Is there anything else you think we should know about, or that you would like to tell us about the routes
or changes in the arca ?

What would you like to see happen with this information (as a follow-up to collecting it on the maps and in
a report)?

Thank you very much for participating in this interview.
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