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ABSTRACT. Can local observations and indigenous knowledge be used to provide information that complements research on
climate change? Using participatory research methodology and semi-directed interviews, we explored local and traditional
knowledge about changesin seaicein the area of Sachs Harbour, Northwest Territories. In this small Inuvia uit community, we
interviewed al of the 16 community membersand el ders considered to belocal experts on seaiceto ask about their observations.
We organized their comments under the headings multiyear ice, first-year ice, fractures and pressure ridges, breakup and freeze-
up seasons, and other climate-rel ated variabl esthat i nfluence seaice (such aschangesin winter, spring and summer temperatures,
wind, rain, and thunderstorms). Observationswere remarkably consistent in providing evidence of local changein such variables
as multiyear ice distribution, first-year ice thickness, and ice breakup dates. The changes observed in the 1990s were said to be
without precedent and outside the normal range of variation. In assessing the relevance of Inuvialuit knowledge to scientific
research on climate change, we note some of the areas in which sharing of information between the two systems of knowledge
may be mutually beneficial. These include the analysis of options for adapting to climate change and the generation of research
guestions and hypotheses for future studies.
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RESUME. Est-ce que les observations locales et le savoir des Autochtones peuvent aider afournir de I’information compl étant
larecherche sur le changement climatique? En fai sant appel aune méthodol ogie de recherche participative et des entrevues semi-
dirigées, on aexaminéle savoir local et traditionnel concernant |les changements de la banquise danslarégion de Sachs Harbour
(Territoiresdu Nord-Ouest). Danscette petite communautéinuvialuite, onainterviewéles 16 membreset ainésdelacommunauté
considérés comme des expertslocaux delabanquise pour lesinterroger sur leurs observations. On aorganiséleurscommentaires
souslesrubriquessuivantes: glacepluriannuelle, glacedel’ année, crétesdefractureset de pression, saisonsdedébacleet d’ engel,
ainsi qued autresvariablesreliéesau climat qui influencent labanquise (commeleschangementsdans|estempératureshivernale,
printaniéreet estivale, levent, lapluieetlesorages). I y avait une concordance frappante dans | es observations quant aux preuves
de changements al’ échelle locale dans des variables comme la distribution de la glace pluriannuelle, I’ épaisseur de laglace de
I’année et les dates de la débécle. Les changements observés au cours des années 1990 étaient, selon les Autochtones, sans
précédent et ilsdépassai ent lagamme normal edesvariations. En évaluant lapertinence du savoir deslnuvialuits pour larecherche
scientifique sur le changement climatique, on souligne certains des domaines dans lesquel s le partage de I’ information entre les
deux systémes de savoir pourrait ére mutuellement profitable. Ces domaines comprennent I’analyse des options visant
I’ adaptation au changement climatique et la formulation de questions et hypothéses de recherche pour des études ultérieures.

Mots clés: Arctique de I’ Ouest, changement climatique, Inuvialuit, savoir écologique traditionnel, banquise

Traduit pour larevue Arctic par Nésida Loyer.

INTRODUCTION

The issue of global climate change remains a topic of
concern as greenhouse gases continue to accumulate in the
atmosphere. Global climate models developed to investi-
gate the consequences of rising carbon dioxide and meth-
ane levels continue to project temperature increases at the
Earth’s surface. However, increases in mean annual

temperature will not be distributed equally around the
globe. Instead, the largest average temperature increases
areindicated over thepolar regions (IPCC, 1995; Maxwell,
1997; Harvey, 2000), and already thereisevidence that the
polar ice cover is both thinning and shrinking in areal
extent (Maslanik et al., 1999; Rothrock et al., 1999). How-
ever, the patterns of change are likely to be complicated by
various regional and seasonal processes, such as Arctic
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oscillations, jet stream patterns, and ocean-atmospheric
variables, andinfluenced by regional anthropogenic activi-
ties such as changes in land use and industrial practices.

The inherent limitations of the numeric climate models
cause uncertainty to increase several-fold at finer scales
(LeDrew and Barber, 1993). Projected changes to climate
elements such as precipitation, winds, and ocean currents
remain poorly understood, although their role in any cli-
mate change scenario will be considerable (IPCC, 1998).
While the scientific community generally agrees upon the
evidence for air temperature increases, great uncertainty
remains regarding the overall nature of climate change and
itsimpact ontheenvironment (IPCC, 1998). Key questions
remain regarding the resistance, resilience, and adaptation
potential of natural and human systems to changing envi-
ronmental conditions(IPCC, 1996; Berkesand Jolly, 2001).

Climate change, with its multitude of uncertainties,
doesnot lenditself to analysisby conventional approaches.
It fallsinto the class of problems that Ludwig (2001:759)
calls “wicked problems’—those with “no definitive for-
mulation, no stopping rule, and no test for a solution,”
problems that cannot be separated from issues of values,
equity, and social justice. A futurescienceof sustainability
to replace conventional approaches to science and man-
agement must be created through a process by which
researchers and local stakeholders interact to define im-
portant questions, relevant evidence, and convincing forms
of argument (Friibergh Workshop, 2000). This kind of
work requires participatory research and place-based mod-
els because understanding the dynamic interaction be-
tween nature and society requires case studies situated in
particular placesand cultures (Friibergh Workshop, 2000).

In the Arctic, place-based research may involve using
indigenousobservationsand perspectivesasan alternative
way to monitor and understand climate change. Until
recently, the majority of climate studiesin the Arctic had
excludedlocal knowledge, probably because scientistsdid
not consider indigenous knowledge to be particularly rel-
evant or accessible. This has been changing, as witnessed
by the volume The Earth Is Faster Now, which contains
nine chapters of indigenous observations of Arctic envi-
ronmental change (Krupnik and Jolly, 2002). A growing
number of studies have taken account of indigenous per-
spectivesin the study of climate and other environmental
changeand the associated sociocultural impacts(McDonald
et al., 1997; Fast and Berkes, 1998; Ingold and Kurttila,
2000; Berkes and Jolly, 2001; Cruikshank, 2001; Fenge,
2001; Riedlinger and Berkes, 2001). At least three cases
have dealt specifically with indigenous observations of
seaice (Huntington, 2000; Krupnik, 2002; Norton, 2002),
the subject of the present paper.

Why seek indigenous observations and knowledge of
seaice?Beforetheavailability of remote sensing technol o-
gies, dataon seaice and Arctic climate were irregular and
inconsistent. Data collection took place primarily on an
opportunistic basis, typically onboard icebreakers, naval
tankers, cargo ships and other vessels, or from coastal
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vantage points. Data were limited to consolidation dates,
icetypes, icefeatures, ice concentration, andin somecases,
ice thickness. The advent of satellite remote sensing has
made large-scale sea ice studies possible. However, cli-
mate data remain limited both temporally (no continuous
records have been kept in the Arctic for much of the past
200 years) and spatially (there are few weather stationsin
theNorth). While satellite datahave greatly augmented the
earth’s climate record, no comprehensive satellite data
exist for comparison to years before the 1970s.

Given these knowledge gaps, local observations and
traditional knowledge become significant, not as a re-
placement for science but as complementary information
(Riedlinger and Berkes, 2001). For our purposes, tradi-
tional knowledge is defined as “a cumulative body of
knowledge, practiceand belief, evolving by adaptive proc-
esses and handed down through generations by cultural
transmission” (Berkes, 1999:8). Traditional (or indigenous)
knowledge is often passed between generations through
oral history, stories, myths, song, and lessons, and more
recently, in written form. Traditional knowledge is dy-
namic: itismodified by itsholderstoreflect changesinthe
environment as each new generation incorporates its own
empirical knowledge or local observations.

For theindigenous people of the Arctic, the understand-
ing of seaice has always been necessary for survival. Sea
ice provided, and continues to provide, a platform on
whichtotravel, hunt, andfish (Freeman, 1984). Being able
to identify and assess the type, composition, thickness,
density, and strength of theiceisnecessary to assess saf ety
and ensure hunting success. People need to assess what
typesof equipment cantraversean area, at what speed, and
in what direction, and to know the locations of ice-gener-
ated obstacles (Riewe, 1991; Norton, 2002). Understand-
ing the relationships of seaice to Arctic marine mammals
and fish is also required (Freeman, 1984). For example,
Inuit huntersknow that ringed seal s (Phoca hispida) exca-
vate breathing holes through first-year sea ice and con-
tinue to make use of these holes throughout the winter
(Smithand Stirling, 1975; Furgal et al., 1996). Huntersare
also keenly aware that ringed seals exploit snowdrifts
along the lee and windward slopes of pressure ridges,
wherethey excavate subniveanlairsfor birthing and wean-
ing pups (Smith and Stirling, 1975; Nichols, 1999). As
hunting and fishing activities remain important elements
of Inuit cultural identity, such detailed knowledge is re-
tained (Borre, 1991; Condon et al., 1995).

This paper focuses on the traditional and local knowl-
edge held by Inuvialuit of Sachs Harbour in the Western
Canadian Arctic. The study was carried out as part of the
Inuit Observations of Climate Change (IOCC) project.
Following a description of the IOCC project and the
methods used in the study, we document knowledge about
various aspects of sea ice: multiyear ice, first-year ice,
fractures and pressure ridges, and breakup and freeze-up
seasons, as well as observations on climate-related vari-
ables that influence sea ice, such as winter, spring, and
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summer air temperatures, wind, rain, and thunderstorms.
Finally, we assess the relevance of Inuvialuit local and
traditional knowledge to scientific research on climate
change, highlighting areas in which sharing information
between the two systems of knowledge may be mutually
beneficial.

METHODS

The 10CC project was conducted in Sachs Harbour,
Northwest Territories (72° N, 125° W), located on the
southern end of Banks Island in Canada’ s western Arctic
(Fig. 1). The Inuvialuit are descendants of the Inupiat of
Alaska, people of the Mackenzie Delta and the central
Canadian Arctic. Sachs Harbour, with some 30 house-
holds, isthesmallest of thesix communitiesinthelnuviauit
Settlement Region formed under thelnuvialuit Final Agree-
ment of 1984. Originally an outgrowth of the white fox
trade that began in the 1920s, Sachs Harbour has been a
permanent settlement since 1956 (Usher, 1970, 2002;
Jolly et al., 2002).

In the 1990s, the people of Sachs Harbour became
concerned that environmental changes in their area were
making hunting difficult and creating safety problems. In
1998, the community invited the I nternational I nstitutefor
Sustainable Development (11SD) to produce a video to
document local observations of climate change. Theinvi-
tation was extended through Rosemary Kuptana, a com-
munity member, who was also on the Board of the I1SD.
The intent of the project was to educate southern Canadi-
ans and policy makers and to explore the potential contri-
butionsof Inuvialuit knowledgeto climate changeresearch.

From the outset, the IOCC project sought to establish a
research partnership with the Sachs Harbour people, using
methodology involving local participation to guide the
study and ensure the full commitment of the community
(Jolly et al., 2002). The key features of the project design
included a planning workshop, repeat visits to document
observations of climate change in all seasons, athematic
focusfor each visit (seaice, wildlife, permafrost) to allow
local expertsand scientiststointeract directly, auniversity
researcher to follow up on each visit, the use of a variety
of feedback and communication tools, and a final work-
shop and verification. The project team included the 11SD
project director and facilitator, afilm crew, local experts
and liaison people from the Inuvialuit Settlement Region,
agroup of research scientists, and auniversity group, with
the Sachs Harbour Hunters and Trappers Committee serv-
ing as the advisory group for the community.

The project began in 1999, with a collaborative plan-
ning workshop to establish joint objectives, define the
scope of the study, and identify key issues from the
community point of view to guide the work (Ford, 2000).
The project team made three more trips to the community
between June 1999 and May 2000 and afollow-up visit to
conduct afinal workshop and evaluation in 2001. For the
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FIG. 1. The study area: Sachs Harbour on Banks|sland, Northwest Territories.

thematic focus areas of the project, several scientists and
researchers were recruited to help document traditional
andlocal knowledgeregarding theeffectsof climatechange
on seaice, wildlife, and permafrost. This documentation
occurred simultaneously with the video work. In Novem-
ber 2000, the production “ Sila Alangotok: Inuit Observa-
tionson Climate Change” was simultaneously launched at
the Sixth Conference of the Parties to the United Nations
Framework Convention on Climate Change, held in The
Hague, Netherlands; at amediaconferencein Ottawa; and
in the community of Sachs Harbour.

One of the objectives of the planning workshop was to
identify community priorities regarding climate change.
Changein seaice was identified as atop priority and the
first thematic research area. The workshop identified a
series of concerns and observations related to sea ice,
which were used as a starting point for the detailed
individual interviews. We invited all 16 elders and com-
munity members who had been identified by the commu-
nity as experts on seaice to share their observations and
knowledge.

Using the semi-directed interview approach
(Huntington, 1998), we conducted interviews over two
weeks in September 1999. In the first week, eight inter-
views were conducted with one to two respondents at a
time. Two researchers were present to guide the discus-
sions, and athird researcher recorded theresponses. Inthe
second week, a single researcher interviewed four of the
remaining respondents. The third researcher, who re-
mained with the residents of Sachs Harbour for several
weeks after the June 1999 planning meeting and returned
on all three subsequent researchtrips, collected comments
from one more respondent, as well as additional input
from the original respondents, during subsequent visitsto
the community.

Interviews were casual and conducted in the homes of
the respondents. All interviews were conducted in Eng-
lish, and only one respondent required an interpreter. The
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Themes Follow-up questions

Multiyear ice

Changes in abundance of multiyear ice?

Has there always been multiyear ice every year (in the harbour)?
Are there years when multiyear ice has not appeared?

First year ice and ice features

Is the pack ice moving? Is it farther away/closer to shore? Isit smaller (isthere less) in the summer?

Where do pressure ridges normally form?
Are there changes in pressure ridges (location, shape, size)?
What direction (orientation) do they normally take?

Seasons Changes in breakup dates?

Changes in consolidation (freeze-up) dates?
When do these seasons normally occur?
How do you define your seasons? By ice movement, by harvesting, or by animal migrations? How many seasons?

Hunting and ice travel

What areideal conditions for seal hunting?

Where and how do you hunt and travel across theice?

Has the timing of the hunt changed?
If so, how €lse has the hunt changed?

How often does it storm?
Is hail new to the community?

Winds and storm events

Are rainstorms more or less common? Are they more or less severe? Do they last along time?

Have wind patterns changed?

Are winds becoming stronger or weaker? When do these events normally occur?

interview guide, developed as a follow-up to seaice and
climate issues raised in the original working group, is
provided in Table 1. Each interview began with open-
ended questions, using the interview guide as a starting
place. Some of the questions were raised for clarification,
to ensure that both parties were clear on definitions and
understanding. I ssueswerefollowed up when therespond-
ent was found to be knowledgeable and interested in
particular issues. With their permission, all but two of the
respondents were recorded on tape.

After theinterviews, atrip report with summariesof the
interviews was distributed to the community for verifica-
tion. These notes were produced to ensure that respond-
ents were correctly cited and that the community was
satisfied that comments were not taken out of context or
misinterpreted.

RESULTS

The working group identified several critical concerns
related to changes in sea ice: diminishing amounts of
multiyear ice, the increasing distance from shore of the
multiyear ice, possible changes to pressure ridge abun-
dance, sea ice thinning, and marked changes in the sea-
sonal timing of seaicebreakup and freeze-up. Theseissues
were selected asthefocusfor theinterviews and served as
the basisfor theinterview guide (Table 1). The consensus
view of therespondentsregarding the consequences of sea
ice changes is illustrated in Figure 2 (fall-winter) and
Figure 3 (spring—summer), which show that the Inuvialuit
focus on relationships of anumber of variables. Details of
the observations by season and by subject areaare summa-
rized below. All the quotations were collected in Sachs
Harbour during thefield tripsin 1999, except where noted
otherwise.

Multiyear Ice

Multiyear ice is defined as ice that has survived a
minimum of two summer melt seasons. Abovethewaterline,
the freeboard layer of multiyear ice is characterized by
nearly pure freshwater ice, having expelled its saline
content through brine drainage. Other characteristics in-
clude thicknesses greater than 3 m; smooth, rounded sur-
facefeatures; and ablue hue (see WMO, 1970). Multiyear
ice floes offshore of Sachs Harbour have been a common
sight throughout most of the year. Locally, these floes are
also known as the Permanent Polar Pack Ice.

All Sachs Harbour respondents familiar with the
multiyear ice unanimously agreed that its extent had de-
creased significantly in recent years (Table 2). Further-
more, there was consistent agreement that the multiyear
ice edge was farther offshore. Nearly half of the respond-
ents commented directly on the disappearance of the
multiyear ice from view by (or before) July. One respond-
ent reported that afew years earlier, he had observed very
little multiyear ice at all during air travel to Inuvik; in-
stead, only first-year ice was evident. Most respondents
remarked that the change to the multiyear ice pack had
been very abrupt over the previous two to three years, and
that melt of the multiyear ice was occurring earlier and
more quickly. Only onerespondent believed thereduction
in multiyear ice was part of alonger-term trend.

Seemslikeitismelting every year. Not likebefore. Before
there would be at least [multiyear] ice... during the fall.
Now thereis no more.

Joe Kudlak, Sachs Harbour, 2000

We are not getting multiyear ice more often, like we used
to. Itisall freshly frozen snow that we are hunting on now.
John Lucas, Sr.
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FIG. 2. Seasonal changes in seaice and associated relationships, as observed by the Inuit of Sachs Harbour: fall and winter.

First-Year Sea |ce Abundance and Ice Thickness

First-year sea ice is the ice that forms annually and
comprises the majority of the regional icescape. It is
composed of freshwater ice, brine, and air, although the
ratio varies over the season. First-year seaicerangesfrom
barely cohesive surface ice crystalsto first-year ice types
that are more than 1.2 m thick (WMO, 1970).

The respondents were unanimous in their assessment
that there was less first-year ice annually and that the
maximum thickness of thefirst-year ice was significantly
less than in previous decades (Table 2). This assessment
was frequently linked to the elements of ice safety and
travel. One elder, renowned in the community for his
expertise and intimate knowledge of sea ice, estimated
averagefirst-year seaice thickness over previous decades
to have been morethan 2.5 m, significantly thicker thanin
recent years. A second respondent estimated a 30 cm
reduction in the seaice thickness over recent years.

A third elder/hunter provided the background on how
Inuit are able to detect visually and evaluate sea ice
thickness. He outlined how ice thickness, ice age, and
ultimately ice safety are determined from ice texture and
colour. Hunters use this information to identify areas of
thin ice, as well as areas where ice has previously broken
and refrozen. Such information is valuable for safety,
travel, and selecting good hunting locations. Using this
knowledge during recent air travel, he concluded that thin
ice makes up a greater portion of the total ice than it used

to. Many of the other hunters echoed the growing concerns
over thin ice and its effect on ice safety. “You have to
really watch when you travel on theice, you need to have
experience...you have to know the condition.” Many of
therespondents pointedly remarked that thistype of safety
concern did not exist previously.

Even just up to afew years ago, we used to be able to go
out with dogsleds with hunters—maybe five or six years
ago, we used to be able to go quite aways and not worry
aboutit. Thelastthreeyearsor so, thelasttwoanyway...12
milesisthe limit.

Larry Carpenter

Fractures and Pressure Ridges

Fracture is a general term for cracksin the seaice. Frac-
tures are typically the result of tides, temperature changes,
currents, and wind. Thelength of fracturesvariesfrom afew
metresto several kilometres. Varioustypesof fracturesexist,
including cracks, leads, flaws, and polynyas. Fractures are
unstablefeaturesand can bequickly refrozen under calm cold
temperatures, or can be compressed together under sufficient
windsor currentsto create pressureridges. Bothfracturesand
ridges are characteristic of the icescape near Sachs Harbour,
and they are important factors in the biological success of
several Arcticmarinespecies(Nichols, 1999). Thesefeatures
play asignificant roleindetermining huntinglocations, travel
routes, and hunter safety.
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TABLE 2. Present abundance and distribution of multiyear and first-year seaice compared to ice of previous decades, according to local

experts in Sachs Harbour, Northwest Territories.!

Respondent Multiyear abundance Multiyear distribution First-year ice thickness Overall ice abundance
A Further out Thinner Less
B Further out Thinner Less
C Less Further out Thinner Less
D Less Further out Thinner Less
E Less Thinner Less
F Less Further out Thinner
G
H Less Further out Thinner
I Less Further out Thinner Less
J Less Further out Thinner Less
K Less Further out Thinner Less
L Less Further out Thinner Less
M Less Further out Less
N Less Further out Thinner Less
(0] Less Further out Thinner Less
P Less Thinner Less

! Blank box indicates no information available.

For most of Sachs Harbour’ s settlement history, cracks
have been considered common features within the har-
bour; however, several respondents expressed the belief
that the abundance of fractures had declined during the
past decade and suggested that stronger winds may have
beenresponsiblefor closing the nearshore openings. Other
references to the fractures were more generally linked to
the breakup season.

Used to be [tidal cracks] right up here close. No more—
probably because of wind.
Larry Carpenter

Only half of the respondents commented on the pres-
sure ridges, and the majority of those did not express
concern that pressure ridges in the area had undergone
observable changes in either abundance or distribution.
Two elders, on separate occasions, explained that the
currents, not the winds, were responsible for pressure
ridge creation, and that the currents remained unchanged.

Breakup Season

Overall, respondents unanimously agreed that breakup
was occurring earlier now than in previous decades
(Table 3). The majority also observed that breakup was
occurring at a significantly faster rate. Since the 1950s,
breakup in Sachs Harbour had typically occurred in late
Junetoearly July. Inrecent years, the onset of breakup was
reported to have occurred several weeks earlier, in mid-
June. Respondents commented that for much of Sachs
Harbour’ s history, breakup had rarely been complete be-
fore the ice began to refreeze, and that ice in the harbour
was common all summer. A number of respondents re-
called several Septembers after settlement when the dogs
ran alongside the boats. Barges often had trouble entering
the harbour, and the Inuvialuit would use their own

schooners. Thetiming and arrival of thebargeswaswatched
closely, asitrelated directly tothearrival of variousgoods
and supplies. The years 1967 (the Canadian Centennial
Y ear) and 1979 were identified as prominent years when
the community remained on the ice throughout the sum-
mer. Y earswith noice breakup were not the norm, but they
did occur in the past.

[It] usedtoopenupinJduly longago. Now, it opensupright
away — the first part of June. Long ago when people
stay[ed] at theBlueFox [inLennieHarbour], theicenever
melt[ed] all summer sothey couldn’t get across. Toughto
get groceries. Y ou couldn’t go with a schooner.

Lena Wolki

It goes out quicker now...It is different.
Edith Haogak and Sarah Kuptana

The presence of ice was related to higher numbers of
ringed seals in the area and a higher survival rate for the
seal pups born in late March and early April. The high
concentration of ringed seals in the harbour attracts polar
bears (Ursus maritimus). Several lifelong hunters com-
mented that in earlier years, they had frequently witnessed
polar bearson theiceoffshore even during the summer and
fall, but the bears did not normally venture onto land.
However, in recent years the open water has caused the
bearsto move either onto land or farther offshore. During
the 1990s, at least two bears entered the community.

The effects of the early melt and lack of ice in the
harbour were linked by several elders to the biological
responses exhibited by the ringed seal and the polar bear.
From the scientific perspective, ringed seal sare character-
ized as “pagophilic” or ice-loving. From the hunter’s
perspective, the combination of ice floes, high numbers of
seals, and calm, saf e boating conditionsduring the breakup
season results in successful seal hunts. Polar bears are
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FIG. 3. Seasonal changes in seaice and associated relationships, as observed by the Inuit of Sachs Harbour: spring and summer.

drawn to the area by abundant prey, increasing the oppor-
tunities to conduct polar bear hunts. In sharp contrast, the
reduction in ice during spring throughout the 1990s was
identified as having the opposite effect: fewer sealsin the
area, rougher waters, and dangerous boating conditions.
Under such conditions, huntersarelimitedtothenearshore
area, while the seals move farther offshore. These condi-
tions also restrict the hunt for polar bears, with an adverse
effect on the local economy.

Well now, when you are sport hunting, you can really
notice it now. All the bears are further out; they are not
closer. | don’t know if it could be from too much traffic
close by the beach or that sort of thing, but from what |
have seen—all the ice that is out there has frozen this
year—and you could only go so far. You can't pass a
certain point because on the other side of that [pointing to
the seaice], thereissome more open water. That iswhere
al thebearsare. A | ot of them [the hunters] don’t get polar
bears because the bears are out here where hunters can’'t
reach them...| think eventually the bears are going to get
further...l kind of find a difference...within the 30-odd
years| havebeendoingthis. Polar bearsaregetting further
out. We are left up here hunting and they are out there.
John Lucas, Sr., May 2000

The presence or absence of ice in the harbour has also
affected some cultural activities besides hunting and trap-
ping. For example, an elder explained that each year since

the 1950s, the community hasheld aJuly picnicin an area
that the Inuvialuit traditionally reached by crossing the
ice. Thetradition of the annual picnic continued through-
out the 1990s, but the Inuvialuit have had to use a boat
instead of a sled to reach the site.

Onthefirst of July, we used to picnic. We used to haveto
goby land. Now wego by boat...Never usedtogo by boat.
Peter Esau

Freeze-Up Season

The majority of respondents reported that the timing of
sea ice freeze-up had not changed as dramatically as that
of seaice breakup (Table 3). One elder reported that since
the establishment of SachsHarbour asacommunity (1956),
freeze-up had typically commenced in late September
when ice in the harbour became landfast. The majority of
respondents suspected the freeze-up season to be only
slightly delayed, but within the usual range of variation.
However, respondents singled out one year, 1998-99, asa
significant anomaly. Nearly all of the respondents re-
marked that open water remained until November that
year, and community members continued boating and
hunting seal from boats late into November. Respondents
noted that until that year, freeze-up had always been
complete by October.

Two respondents believed that the delay in freeze-up
had become significant. One stated that he and his family
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TABLE 3. Seaiceseasonality: Recent changesin breakup and freeze-up timing and wind direction and strength, asreported by local experts

in Sachs Harbour, Northwest Territories.!

Respondent Breakup Freeze-up Wind direction Wind Strength (esp. during autumn and winter)
A Earlier and more rapidly Later Stronger winds
B Earlier Later More north winds Stronger winds and more windy days
C Earlier Later No observed change Stronger winds and more windy days
D Earlier and more rapidly Normal variability No observed change Stronger winds and more windy days
E Earlier and more rapidly Normal variability No observed change Stronger winds
F Earlier and more rapidly Later Stronger winds
G Earlier and more rapidly Later
H Earlier and more rapidly Later More windy days
| Earlier and more rapidly Later No observed change Stronger winds
J Earlier and more rapidly Later No observed change Stronger winds
K Earlier and more rapidly Later More windy days
L Earlier and more rapidly Later No observed change More windy days
M Earlier Later
N Earlier Later No observed change More windy days
(0] Earlier Normal variability No observed change More windy days
P Earlier Later No observed change More windy days

! Blank box indicates no information available.

had traditionally hunted caribou by dogsled in September
and then travelled to his cabin by early October. He
described September ice conditionsin recent yearsasboth
“thin” and “scary,” although it was not clear whether he
was referring only to the 1998-99 season during this
discussion. Other respondents also commented that over-
all, their concern about ice safety was increasing.

Freeze-upisway later. Less[multiyear ice] doesn’t make
the water as cold.
Roger Kuptana

Observations on Other Climate Variables

Although thissurvey focused specifically on observations
of seaice, the respondents also provided insightful informa-
tion on the linkages they perceived between climate vari-
ables, seaice, and the ecosystem as awhole. In this section,
we note some of the observationsthat were shared regarding
temperature, precipitation, and wind conditions.

Winter Temperatures

Many respondents agreed that average air temperatures
had increased in Sachs Harbour over recent years. This
warming was perceived to exist throughout theentireyear,
but certain seasons were identified as having a greater
effect on the environment and the community. Respond-
ents reported that, on average, the winters were warmer.
The significance of warmer winter temperatures is re-
flected in the changes and adaptations being made to
hunting and fishing, particularly regarding safety. Several
respondents graphically described typical winter months
in the past, when they would hear the lake “crack,” the
kerosenewas*likemilk,” and thefuel, “likejelly.” One of
thefemal e eldersadded that thefuel oil would become stiff
and was difficult to use with the Primus stove.

Y ou used to haveto thaw out your ski-doo, it wasso cold.
Not anymore.
Larry Carpenter

Soring and Summer Temperatures

Spring was often described as a long season, when
melting took place over weeks (if not months). Respond-
ents were very clear in their assessments that spring tem-
peratures had increased dramatically, and that the rate of
melting had accelerated beyond “normal.”

It is springtime that has changed really much. Fall is not
the same every year—some early, some late—but fairly
close. But spring is different—much different—from
year to year.

Peter Esau

Long ago [it] used to be[a] long spring. Used to stay out
there [at his hunting camp] for months. In the
springtime...we do fishing first. After that, hunt geese;
then go fishing again after that. Now we don’'t even go
fishing after goose hunting because it melts too fast.
Geddes Wolki

Community members frequently camp inland during
the spring (May—June). Ice fishing and goose hunting are
the dominant activities during these trips. Within the past
decade, hunters reported, these trips were adversely af-
fected by early melt, which impeded transport and safety.
The typical timing of the spring melt used to be late May;
however, in recent years they had seen it occur several
weeks earlier, in mid-May. Summer temperatures were
described as becoming more extreme and erratic. Resi-
dents commented on both very warm and very cold condi-
tions that were occurring during summer months.



76+ T.NICHOLS et a.

[Theweather nowadaysis] sometimescold, but sometimes
hot too...[but at the] wrong time. Way different now.
Edith Haogak

This July 1st [1999] so cold, so windy. First time | see
weather like that. We were wearing parkas!
Margaret Elanik

15°Conahotday. 15°Cisareally hotday....Wedidn’t see
temperatureslike that in our younger days. We would be
wearing jackets outside playing in the summer.

John Keogak

Several respondents reminded us that most of the resi-
dents' long-term knowledge of summer temperatures in
Sachs Harbour was limited. Most of the previous genera-
tions had not typically spent the summers in the area
before the permanent settlement was established at Sachs
Harbour.

Wind

Prevailing winds were identified as northern and east-
erly, and wind directions varied according to season.
Nearly all respondents believed that the prevailing wind
directionsremained unchanged, or had been modified only
slightly, over the past 30 to 40 years (Table 3). Several
residents described the understanding of wind direction as
critical knowledge. As the winds determine snowdrift
direction, one can use the drifts as navigation aidsto find
one' s way. Knowing the wind direction would determine
what strategy should be used while hunting and trapping.

When | was 12, my father said that winds always come
fromtheeast. Snowdriftsnow still always[run] east-west.
Roger Kuptana

Y ears before, we used to have ice off and on when we'd
get different kinds of wind, from the west...and from the
east—they’ d comefromthat...all theice comesthisway
through that strait...and from the west, you’ d get alot of
older ice, and | myself never see that much anymore
because there is too much wind.

John Lucas, Sr., May 2000

All respondents active on the land reported that the
magnitude and duration of high winds had increased sig-
nificantly in recent years, specifically during the fall and
winter (Table 3). Nearly all respondents characterized
winds as being considerably more intense or frequent
during the fall. The most acute example of increased
intensity was the windstorm of August 1998, which re-
sulted in damageto several homes. Strong winds have also
been blamed over recent years for impeding various com-
munity activities such as herding (driving musk-oxen,
Ovibos moschatus, to slaughter), boating, and hunting.

The last few years, it's almost not worth it to have a
boat...because you can go out for a couple of days, and
then it blows for a week. Then you go out for another
couple of days, and it blows for another week. And the
water gets rough really fast—could be because thereisa
lot lessice.

Larry Carpenter

A couple of years ago when | was out sport hunting, [an]
east wind started and it never stopped. That iswhy nobody
got polar bears that time —too much open water. When |
first cameacross, theweather wasa wayskind of average,
you know, you’ d get wind every so often. But now, [the]
past couple of years, thereisalot of east wind.

John Lucas, Sr.

Respondents were somewhat divided on identifying
changes to the winter winds. Some believed that the wind
strength had increased, while others contended that the
strength was consistent, but that windy conditions oc-
curred more often. In both cases, residents agreed that the
winds had changed.

Windisusually north. Lots of timeslong ago, wintertime
[was] so cold—wind so strong—not now likethat. .. Forty
or fifty below [Celsius] and a realy cold wind. Not
anymore. North wind so strong, blowing so much. The
wind haschanged. Stormsget stronger. Sowindy fromthe
north in the winter.

Martha and Frank Kudlak

[Wintershavebeen] sometimesreally stormy. Windaways
lasts awhile. This winter [1998—99] aways storming
...sometimes the ground [has] no more snow from the
wind.

Edith Haogak

Respondents often described the rel ationships between
the presence of ice, wind fetch, wave energy, and ice
safety, and their implications for the offshore hunt. Of
particular interest was the relationship between ice cover
and wave action. Extensive ice cover dampens waves.
Hence, the greater the amount of ice, the calmer thewaters
will beand the safer the conditionsfor boating. In contrast,
areduction in sea ice cover results in greater wind fetch
and moreviolent wavemotion, leading to less safe boating
conditionsand areduction in hunting and fishing opportu-
nity. Reductioninicecover can haveother impactsaswell.
In one case, aresident expressed “loneliness for ice” asa
result of ice disappearing entirely (Jolly et al., 2002).

Rain and Thunderstorms

Several respondents commented on their concerns re-
garding rain and thundershowers. During the fall, several
residentstold usthat Sachs Harbour had traditionally been
knownforitsdryness; however, in recent years, theamount



of rain had increased significantly. Change in the form of
precipitation was reported by many residents to be most
dramatic during the fall, when expected snowfalls were
being replaced with rain, thus delaying freeze-up.

While rainstorms were not new to the community, the
addition of electrical storms (i.e., thunderstorms) was
considered unusual to Sachs Harbour residents. Many
respondents stated that they had little or no knowledge of
thunderstorms before the 1990s. These events were con-
sidered rare in Sachs Harbour’ s settlement history.

Thissummer we had rain. But long ago, youwould go all
summer—just dry. Last fiveyears, morerain. Used to get
rain, and it would be an hour or so. Now, al day.

John Keogak

[It was] really dry here—hardly any rain. Especialy in
July month, [it] used to be really warm, hardly any rain,
hardly any wind. Now we have so much wind and rain,
[it's] really changed.

Lena Wolki

DISCUSSION

The complex and dynamic nature of the climate system
creates a serious challenge to understanding. The system
itself ispart of theenvironment, and it cannot be examined
in isolation from that environment. Climate systems are
regulated and influenced by awide variety of factors and
feedbacks that exist at multiple scales, both spatial (from
micro to macro) and temporal (from secondsto centuries).
Ocean currents, seaice, inland water bodies, land vegeta-
tion, and atmospheric chemistry and circulation all con-
tribute to the complicated web of energy and radiation
balances that drive the climate system through energy
absorption, reflection, and transmission (IPCC, 1995;
Harvey, 2000). Challenges of climate change extend into
the biological and human sciences. As Cruikshank (2001)
asks, are there ways of generating and sharing knowledge
that take into account local understandings as well as
universal science?

Discussions with the Inuvialuit of Sachs Harbour often
made it clear that the focus of traditional and local observa-
tionsisthe relationships between the elements of the climate
system. These are not necessarily causal relationships, but
empirical connectionsbetween elements. In contrast to much
of the scientific literature, their local knowledge focused not
on the variables themselves, but rather on how changes to
particular variables were related to changes in other vari-
ables. Thistheme of “connected-ness’ and “integration” was
echoed many timesover thecourse of thediscussionswiththe
respondents. V ariables often went beyond that environmen-
tal dimension, entering into economic, social, and cultural
repercussions of change (Figs. 2 and 3).

The observations provided by the Sachs Harbour
Inuvialuit are significant, given that “wicked problems”

CLIMATE CHANGE AND SEA ICE « 77

such as climate change require place-based models and
interaction betweenresearchersandlocal experts. AsUsher
(2000:186) points out, traditional ecological knowledge
“could be characterized as the knowledge claims of those
who have a lifetime of observation and experience of a
particular environment and asaresult function very effec-
tively in that environment, but who are untutored in the
conventional scientific paradigm.” Hence, Inuvialuit ob-
servations are relevant, both asfirsthand experience of the
changesoccurringin Bankslsland, and asthe perspectives
of a community affected culturally and economically by
environmental change.

Seaice was one of the three thematic areas of research
in the Inuit Observations of Climate Change study and
remained atopic of concern in interviews throughout the
project. Seaiceiscentral tocommunity life: peopleseethe
ice every day. Thus, even when researchers focused on
wildlife, therewasagreat deal of discussion of seaice. The
relationships sketched in Figures 2 and 3 do not fully
capture the local dynamics. The Inuvialuit focused not on
average change, but on the changes in frequency and
magnitude of extreme weather events, variability, and
predictability (Jolly et a., 2002). Theincreased variability
and uncertainty during thetransition months (whenfreeze-
up and breakup occur) are of particular concern. Wind is
considered avery important element. Many of the seaice
observationsaretied directly to changesinwind frequency
and strength, which is consistent with the results of indig-
enous observations in Alaska (Krupnik, 2002; Norton,
2002).

The ability of the Inuit to identify relationships, their
knowledge about key variables acting together (e.g., sea
ice and wind), and their assessment of key impacts (e.g.,
increased unpredictability) are significant. Observations
at Sachs Harbour were remarkably consistent in providing
evidenceof local changein such variablesasmultiyear ice
distribution, first-year icethickness, and ice breakup dates
(Tables 2 and 3). The knowledge and adaptations of the
Inuit, reflected in their culture of hunting and fishing,
enable them to perceive “change” beyond the expected
year-to-year and seasonal variability. Changes observed
inthe 1990swere said to be without precedent and outside
the normal range of variation (more detail in Jolly et al.,
2002).

Inuit observations of extreme events, variability, and
predictability provide astarting point for analyzing possi-
ble impacts and adaptation options, aswell asfor generat-
ing research questions and hypotheses for future studies.
Although thereis no consensus on how traditional knowl-
edge and scientific knowledge can be used together
(Wenzel, 1999; Usher, 2000), various approaches may be
developed through case studies that have the potential to
include both types of knowledge. In the IOCC work, we
haveintentionally avoided trying to synthesize or combine
the two kinds of knowledge. Rather, we encourage the
sharing of information between science and traditional
knowledge and look for ways in which the two kinds of
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knowledge are complementary (Riedlinger and Berkes,
2001).

The use of traditional knowledge to provide a baseline
against which to measure change is one kind of comple-
mentary relationship involving the two types of knowl-
edge. A second kind involves the use of community-based
monitoring to measure ice thickness or to detect various
changes in seaice that may be apparent to local residents
(Krupnik, 2002). A thirdistheuse of traditional knowledge
to contribute to the process of formulating scientific hy-
potheses (e.g., the relationship between ice melt and thin-
ner ringed seals). A fourth isthe importance of local-level
observationsand expertisein detecting changein complex,
multi-level systems. We expand on this last point.

Intheareaof remote sensing, traditional knowledge can
potentially fill the gap at the local scale and provide local
validation. Asremote sensing relies heavily oninterpreta-
tion skills, local experts may help with the interpretation.
Thispotential areaishighlighted by theremote sensing sea
ice information collected over the western Arctic in 1998
by Maslanik et a. (1999). The Inuvialuit observations for
the same time period reported in this study illustrate how
local knowledge can confirm and expand scientific knowl-
edge at finer scales with respect to socioeconomic vari-
ables such as boating and hunting, but al so with respect to
biophysical variables such as increased wind and wave
action, erosion, and permafrost thaw.

A second exampl e concernstheinterpretation of seaice
changes. By analyzing 30 years of ice draft observations
from nuclear submarines, Rothrock et al. (1999) found that
average Arcticicethickness had declined from over 3mto
lessthan 2 m. Using numerical models, Zhang et al. (2000)
attributed a major part of thisthinning to a change in sea
ice circulation that resulted in more rapid export of ice
from the Arctic Ocean than in past years. That is, theice
does not stay in the basin long enough to grow to the
thickness found in the past. A third view is presented by
Holloway and Sou (2002), who argue that thinning is
mainly due to redistribution of ice from the middle of the
Arctic Ocean basin to its periphery, particularly along the
Canadian Archipelago.

A problem with thislatter hypothesis has been alack of
observations on the increase of ice thickness along the
margins of the Archipelago. Observations and traditional
knowledge provided by residents of Sachs Harbour have
the potential to fill this gap. Every indication from the
local experts is that ice thickness in the region has de-
creased, and particularly that the multiyear fraction has
declined. These observations support the hypothesis of
Rothrock et al. (1999) and Zhang et al. (2000) that the
decrease in ice thickness in the central basin is not com-
pensated by an increase close to shore. Additional local
observations may be needed between Sachs Harbour and
Alert to resolve the debate conclusively.

One drawback of using traditional knowledge along-
side western science has been the challenge of translating
technical terms and concepts. For example, both the

science of ice and the Inuvialuit knowledge of ice have
specialized terminology for ice fractures. But translation
often remains inadequate because translators or interpret-
ers rarely know both of these specialized terminologies,
and aface-to-face discussion between local and scientific
experts about fractures is fraught with possibilities of
mistranslation. Nor is it clear to what extent the two
terminol ogies are comparable. While the scientific termi-
nology focuses on the causes of fractures (with respect to
tidal action, upwelling, currents, and wind), the Inuvialuit
terminology tends to be morphological and descriptive.
For example, ‘pressure ridge’ was translated in Sachs
Harbour as ‘where you pull your sled over.’ Hence, a
remaining challenge is to capture the subtleties of tradi-
tional knowledge when such knowledge is documented in
alanguage other than the original one.
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