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Abstract

Inuit have long utilized trail networks for subsistence harvest. Fueled by climate change,
increasingly volatile environmental and weather conditions in the Canadian Arctic territory of
Nunavut have made these routes less reliable and more dangerous—jeopardizing availability of
traditional foods. Qualitative research indicates communities adapt by grocery shopping. We
modeled consecutive days of trail inaccessibility on total grocery and meat product sales,
respectively, of a market-dominant retailer in 13 Nunavut communities. Although we hypothesized
positive associations between trail inaccessibility and store purchasing, we observed negligible
negative associations; meanwhile, socioeconomic factors like pay dates yielded strong, positive
associations. In light of the null findings with respect to trail inaccessibility, we discuss key
limitations of our approach and potential alternative explanations that might account for these
unexpected findings, including the ecological level of analysis potentially masking subgroup
vulnerabilities relative to exposure or outcomes, hunters’ possible risk tolerance elasticities, and
food sourced beyond our partner retailer (such as from the other major retail chain or through
food sharing networks). Given the local nutrition and economic transitions—away from traditional
food and subsistence livelihoods—communities may face reduced day-to-day vulnerability to trail
accessibility disruptions. As the wage-based economy expands and the contemporary diet includes
more energy-dense, processed store-bought food, Inuit communities may become increasingly
sensitive to macro-political and economic pressures on their food system and sovereignty.

© 2025 The Author(s). Published by IOP Publishing Ltd
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1. Introduction

Since time immemorial, Inuit have harvested along land and sea (open water or ice, depending on the
season) trail routes (figure 1) (Furgal and Seguin 2006, Ford 2009, Beaumier and Ford 2010, Statham et al
2015, Ford et al 2019). Country food is that which is hunted, trapped, whaled, fished, or picked, including
caribou, narwhal, seal, muskox, Arctic char, and berries; these foods are nutrient-rich, often eaten raw or
with minimal preparation, and remain a culturally meaningful part of the diet of many Inuit after over half a
century of settled life (Kuhnlein ef al 2004, Kuhnlein and Receveur 2007). With growing climatic and
non-climatic threats to subsistence in the Canadian Arctic territory of Nunavut, store-bought food has
increasingly supplanted country food in the present-day Inuit diet (Kenny et al 2018, Little et al 2021).

The circumpolar north is experiencing climate change at an accelerated rate relative to the rest of the
planet—challenging expectations of seasons, availability of healthy flora and fauna for harvest, and other
aspects of subsistence (Furgal and Seguin 2006, Ford 2009, Wakegijig et al 2013, Statham et al 2015). Across
the Canadian Arctic, the safe use of trail networks for harvesting and other travel purposes has been
jeopardized (Ford et al 2019). Routes have become more hazardous as multi-year sea ice is being replaced by
less stable seasonal ice, sea ice coverage exists for shorter periods each year, and weather has become less
predictable (Inuit Tapiriit Kanatami 2019). Many hunters are concerned about the resultant rising physical,
economic, and cultural costs like vehicle and equipment damage, changing ecological knowledge, and
declining harvests (Ford et al 2013, Pearce et al 2015).

Non-climatic pressures also have accelerated the local nutrition transition, or population dietary decrease
in country food intake and increase in store-bought food intake (Drewnowski and Popkin 1997, Kuhnlein et
al 2004). The public health nutrition impacts of this shift are substantial, largely owing to the high energy
density and poor nutritional value of commonly purchased store-bought foods—which contributed over
70% of daily energy intake, per the 2007-2008 Inuit Health Survey (The Expert Panel on the State of
Knowledge of Food Security in Northern Canada 2014)—as well as more sedentary lifestyles. Furthermore,
among other diet-related chronic conditions, obesity and overweight have been rapidly rising in Nunavut
this century (Kuhnlein et al 2004, Sheikh et al 2011, Government of Nunavut 2012, 2014, Statistics Canada
2014). While still important to communities, subsistence livelihoods have shrunk as the wage-based
economy expands (Harder and Wenzel 2012, Statistics Canada 2018). Costly federal initiatives like the
Nutrition North Canada program have centered retailers in the local food system—subsidizing their
transport of eligible groceries to remote, Northern communities while investing relatively smaller amounts in
support grants for harvesters (Ledrou and Gervais 2005, Tarasuk et al 2013, Arriagada 2017).

Despite these challenges, country food remains vital to Inuit culture and society. Numerous, primarily
qualitative studies have highlighted an enduring desire for and harvest of country food, particularly in
smaller communities (Chan et al 2006, Beaumier and Ford 2010, Wakegijig et al 2013, Statham et al 2015,
Gilbert et al 2021). According to the 2017 Aboriginal Peoples Survey, 65% of Inuit surveyed in Nunavut
reported hunting, fishing, or trapping in the previous 12 months (Government of Canada 2018b). A
2017-2018 Qikiqtani Inuit Association survey in six Baffin Island communities reported 26% of participants
were ‘active or intensive [harvesters] (meaning that they do more than just day trips or weekends, and
participate in all seasons)’ (Qikiqtani Inuit Association 2018). However, overall and especially among youth,
harvesting has declined in Nunavut, with a rising role of only a few ‘super-harvesters’ who, as the most
harvesting-engaged in their communities, tend to provide country food to numerous households (Priest and
Usher 2004, Ford and Beaumier 2011, The Expert Panel on the State of Knowledge of Food Security in
Northern Canada 2014).

In a prior qualitative study by a subset of our team, harvesters and Elders were interviewed in two
Nunavut communities about determinants and effects of low-yield harvest periods (Gilbert et al 2021).
Several participants mentioned that when environmental and weather hazards like poor sea ice conditions or
extreme fog occur, they are unable to harvest; to adapt to this short-term absence of country food, they buy
groceries, with some specifically noting meat purchases (i.e. beef or chicken) and others buying groceries ‘in
general’ (Gilbert et al 2021).

In another study, a subset of our team developed a local model of trail inaccessibility (henceforth, ‘the
trail access model’) (Ford et al 2019). With Canadian Arctic project partners, including Inuit harvesters, they
defined and validated thresholds of precipitation, temperature, wind, visibility, ice concentration, and, for
sea ice trails, ice thickness, that would render land, sea ice, or open water trails unsafe for use (Ford et al
2019). These variables have been and are expected to continue to be impacted by climate change, further
imperiling country food in the Inuit food system and diet (Ford et al 2023). Therefore, it is important to
examine the relationship between trail inaccessibility and grocery purchasing behavior to provide novel
insights into food-related adaptive practices during weather and environmental extremes.
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Figure 1. The three trail types (land, sea ice, and open water) in various Inuit communities and seasons: (a) sea ice with low
visibility (near Iqaluit during Ukiuq; 8 March 2018); (b) land (Grise Fiord during Ukiug; 15 March 2018); (c) land (near Rankin
Inlet during Aujaq; 6 September 2015); (d) sea ice melting (near Cambridge Bay during Upingaaq; 8 July 2018); (e) open water
(Pond Inlet during Aujaq; 3 August 2018). Photographs by Sappho Gilbert.

Using an ethnoclimatological approach, we joined large-scale population-level grocery sales data with the
trail access model rooted in Inuit knowledge and environmental science. To our knowledge, this is the first
published study of the relationship between weather-dependent trail access and store-bought food sales.
Sales data from The North West Company (NWC), a market-dominant food retail chain in Nunavut, were
acquired; these data overlapped with the trail access model for 13 Nunavut communities between 1 February
2013 and 31 May 2016.

Our aim was to investigate whether 1, 2, 3, or >4 consecutive days of trail inaccessibility was associated
with an increase in grocery spending overall and/or in sales volume of meat and meat products compared to
days with at least one trail type safe for use. We anticipated spending on groceries overall and on sales volume
of meat and meat products would increase on days of trail inaccessibility relative to days with at least one safe
trail.

2. Methods

Data pre-processing, coding, and analysis were performed using Stata 17.0 SE (StataCorp LLC, College
Station, TX, USA).

2.1. Grocery sales data & community deidentification

Beyond its academic and in-territory collaborations, this work was crucially partnered with NWC, one of
only two major grocery chains present across the Canadian Arctic. The geographic and temporal coverage in
common between the sales dataset provided by NWC and the trail access model encompassed the time period
of 1 February 2013 to 31 May 2016 in 13 communities (figure S1 in supplementary online materials): Arviat,
Baker Lake, Cambridge Bay, Clyde River, Coral Harbour, Gjoa Haven, Iqaluit, Kinngait, Kugluktuk, Pond
Inlet, Rankin Inlet, Sanirajak, and Taloyoak. To protect community privacy, and at the request of in-territory
project partners, we grouped communities other than the territorial capital of Iqaluit by population size—
Large, Medium, and Small—and randomly assigned communities as A, B, C, and D within each.

Table 1 summarizes the means and standard deviations for key community characteristics by community
grouping, with each characteristic also reported for Igaluit. Due to its diverse demographics (approximately
half of residents are non-Inuit), unique access to numerous food retail options in-town and online, and the
largest population by far, Iqaluit is reported separately.

3
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Table 1. Characteristics of Iqaluit and mean characteristics (with standard deviation) among groups of the other, deidentified 12
communities in this study (Naylor 2019, Statistics Canada 2019).

Group of

communities® Population =~ Median total income  Median age Employment Mean number of
or Iqaluit (in 2016) (Canadian $) (years) rate (%) food retailers®
Iqaluit 7740 70 695 31.1 73.9 4

Large 2334 (502) 30 809 (9478) 25.4 (2.9) 54.4 (11.1) 2.5(0.6)

(Arviat, Baker Lake,

Cambridge Bay,

Rankin Inlet)

Medium 1468 (121) 20 133 (1477) 23.8 (1.9) 443 (2.5) 2.0 (0.0)

(Gjoa Haven, Kinngait,

Kugluktuk, Pond Inlet)

Small 955 (101) 21653 (1092) 21.0 (0.7) 39.4 (4.2) 1.8 (0.5)
(Clyde River, Coral

Harbour, Sanirajak,

Taloyoak)

2 Ordering of the communities listed in parentheses is strictly alphabetical and does not necessarily correspond to the A, B, C, and D
deidentified community names that have been randomly assigned within each group.

b Number of food retailers (data largely derived from Naylor 2019). This variable includes in-town food retail stores; the territorial
capital of Iqaluit has unrivaled access to numerous convenience stores, a gas station that sells snacks, and other options like online
grocery stores and related retailers. As the exception, we manually set Clyde River’s value to 1 food retailer, as only an NWC store
operated there during our study period.

For each community’s store, daily product-level aggregate sales data were provided by NWC as total sales
volume (in grams) and as a daily percentage of annual sales dollars spent in-store by fiscal year (i.e. 1
February to 31 January). This latter metric, called ‘daily relative grocery expenditure’ throughout this paper,
is in lieu of daily product-level expenditure in absolute dollar amounts, which NWC declined to provide.

2.2. Trail access model to determine days with no safe trail access

For the variable of harvesting trail inaccessibility nearby a community, we utilized the trail access model by
Ford et al (2019). It is based on Environment and Climate Change Canada (ECCC) data on daily average
temperature, total precipitation, average wind speed, and average visibility, as well as Canadian Ice Service
(CIS) data on weekly average ice concentration and thickness (Ford et al 2019). Community-specific data
from 1985 to 2016 and transcripts from interviews with Inuit harvesters (for each trail type and category

of trail user risk tolerance: low, normal, high) were analyzed to develop model thresholds for daily
inaccessibility status for each trail type (land [year-round], water [in open water seasons], and sea ice [during
cold months; in other words, in reciprocal seasons to open water]) and risk tolerance level. A trail was
deemed inaccessible on a particular date if >15% of the ECCC and CIS parameters were beyond the limits of
safe access for that kind of trail; for instance, visibility under 1 kilometer on a land trail would be considered
a threshold failure (Ford et al 2019). The thresholds were designed with and approved by Inuit community
members and a team of academic researchers ‘with a combined 135 years of experience working with Inuit
communities’ (Ford et al 2019).

For the purposes of this study, a safe day for trail use was defined as having at least one trail type
accessible for a normal-risk trail user: either a land or water trail (in open-water seasons) or a land or ice
trail (in sea ice seasons). Normal-risk tolerant individuals were defined as lifelong trail users ‘with some
experience in stressful situations while traveling and [who] can make a shelter, while high-risk tolerant
individuals possess ‘an in-depth understanding of how trail conditions are affected by climate-related
conditions, knowledge of alternative routes, and well-developed skillsets’ and low-risk tolerant users
generally have less training and/or experience to confidently travel ‘in a broader set of conditions’ (Ford et al
2019). The phenomenon of ‘trail switching, as described in the literature, occurs when a harvester decides to
use a different type of trail due to their preferred one being inaccessible (often due to environmental and
weather issues); as such, we designed our main independent variable of interest—trail inaccessibility—to be
1, 2, 3, or 4 or more (=>4) consecutive days in which neither land nor water trails (in open-water seasons) or
neither land nor ice trails (in sea ice seasons) were safe for normal-risk users. There were no days where water
and sea ice trails were both accessible. The majority of communities had data available from the trail access
model for our entire period of study (1216 days). Five had slightly fewer days with data available: Baker Lake
(1204), Cambridge Bay (1214), Clyde River (1185), Coral Harbour (1211), and Sanirajak (1208). Trail status
for dates with missing data was approximated using linear splines (as used by Ford et al), resulting in
1216 days of complete trail access data for all communities.
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Table 2. Date ranges within a calendar year used to determine which two trail types were required to meet the definition of daily trail
inacessibility.

Required to be inaccessible in order
meet definition of daily trail inaccessibility

Date range Land Sea ice Open water
January 1 to the day of year of >90% Yes Yes N/A®
shorefast ice breakup® in community

Day of year of >90% shorefast ice Yes N/A? Yes
breakup to the start of Ukiaq

Start of Ukiaq to December 31 Yes Yes N/A*

* N/A denotes not applicable and not used in trail inaccessibility determination for that date range. No two dates for any community in
the dataset have sea ice and open water simultaneously accessible.

b Numbered day of the non-leap year at which >90% shorefast ice breakup can be expected: Arviat = 182 (1 July), Baker Lake = 186 (5
July), Cambridge Bay = 207 (26 July), Clyde River = 208 (27 July), Coral Harbour = 188 (7 July), Gjoa Haven = 210 (29 July),

Iqaluit = 184 (3 July), Kinngait = 184 (3 July), Kugluktuk = 187 (6 July), Pond Inlet = 205 (24 July), Rankin Inlet = 186 (5 July),
Sanirajak = 145 (25 May), and Taloyoak = 211 (30 July).

2.3. Estimating date ranges for the 6 Inuit seasons

Inuit enjoy six seasons each year, the dates of which are specific to each subregion in the territory (table S1 in
supplementary online materials) as per consultation with communities and harvesters in the drafting of the
Nunavut Land Use Plan’s (NLUP) (Nunavut Planning Commission 2016, 2021). Although they are called
‘regions’ in the NLUP, we have termed them subregions in order to avoid confusion with the territory’s three
main administrative regions. In the four coldest Inuit-defined seasons—Ukiaq, Ukiuq, Upingaksaaq, and
Upingaag—sea ice trails are used in addition to year-round land trails. The seasons of Aujaq and Ukiagsaagq,
which largely align with late summer and fall in the four-season calendar, are generally considered
open-water seasons during which water trails are accessible (in addition to land).

Due to variability in exact sea ice break-up dates by community (even within a single subregion), we
utilized community-specific shorefast ice break-up dates to define the beginning of Aujaq (table S1 in
supplementary online materials) instead of the dates listed in the NLUP. This approach enhanced the
precision of our demarcated start dates of open water versus sea ice for trail use. After consulting our
in-territory collaborators about when open water would be perceived as safe for typical harvesters, we
decided to use community dates when >90% short-fast ice break-up was typically reached this century,
which are also readily available in the literature (Bell and Brown 2018, Cooley et al 2020). For 11 of the
communities, data were derived from Cooley et al’s analysis of these break-up dates between 2000 to 2018
(2020). Two of our communities of study—Baker Lake and Sanirajak—did not have data in Cooley et al;
these break-up dates were instead estimated based on CIS’ 30 year Climatic Ice Atlas for 1991-2020 as well as
the 1981-2010 average ice break-up dates from ArcticNet’s Integrated Regional Impact Study (Bell and
Brown 2018, Canadian Ice Service 2021). Table 2 summarizes this approach.

2.4. Statistical analyses

Our primary independent variable was community-specific, daily trail inaccessibility according to the
number of consecutive inaccessible days: 0 (accessible), 1 (first day of inaccessibility), 2 (second), 3 (third),
>4 (fourth or greater). The primary outcome variables were daily relative grocery expenditure and sales of
meat and meat products, tabulated each day for each community NWC store. Meat and meat products
include items categorized as Fresh Meat, Frozen Meat, or Processed Meats in our sales dataset. Daily relative
grocery expenditure was the percent of fiscal year annual sales dollars spent at the store by the community on
all groceries (including non-food/beverage items) on that particular day. Daily sales of meat and meat
products was expressed as grams (g) per capita; for each day, we divided grams sold by the community
population size in that year (as estimated on an annual basis via linear interpolation between Census 2011
and 2021 data).

Both outcome variables exhibited right-skewed non-normality. In general, outliers above the 99th
percentile and below the 1st percentile were unrelated to trail inaccessibility, month, or other key variables.
These outliers are very likely related to factors such as large community events that served food and beverages
or could be simply spurious data due to entry errors that were later corrected as refunds. Outliers below the
1st percentile were often in holiday periods when there may have been reduced store hours; there may have
been non-holiday days with reduced hours in this lower end of our outcome distributions as well. To
mitigate the influence of extreme values, we winsorized each community’s two outcome variables below the
1st and above the 99th percentiles (Tukey 1962). Although winsorization improved normality of each
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community’s dependent variable distribution by visual inspection, non-normality persisted according to
Shapiro-Wilk tests.

To examine whether trail inaccessibility yielded statistically significantly different mean outcomes for our
two outcome variables in each community, we conducted two-sample t-tests for each outcome. We also
reported the number of days (and their percent of total study period days) by trail inaccessibility status for
each community.

To test the relationship between consecutive days of trail inaccessibility and total grocery and meat/meat
product sales, we used multivariable Poisson regression models with a Huber/White/Sandwich linearized
estimator of variance; this estimator returns robust standard errors and permits the violation of the usual
Poisson assumption of an equal mean and variance (Nichols 2010, Wooldridge 2010). In each model, we
included the following covariates: Inuit season; day of week; fiscal year (for daily relative grocery expenditure;
between 1 February and 31 January) or calendar year (for meat/meat product sales volume); whether or not
it was a pay date for the Government of Nunavut (GN), which employs roughly 57% of Inuit in the territory;
whether or not it was a Canada Child Benefit payment date (a tax-free monthly payment from the Canada
Revenue Agency to families with children under 18 years old); and if the date fell on a federal or territorial
holiday or the full period between Christmas Eve and New Year’s Day, inclusive (Government of Canada
2018a). GN pay dates, federal and territorial holidays, and Canada Child Benefit dates were provided by
Nunavut-based co-authors of this project. Reference categories for our covariates were: Day 0 for trail
inaccessibility (in other words, safe days), Ukiuq for Inuit-defined season, Monday for day of week, 2013 for
fiscal year (for daily relative grocery expenditure) and year (for daily meat/meat product sales volume), not a
GN pay date, not a Canada Child Benefit payment date, and not a holiday. Our definition of holiday to
include the days between Christmas and New Year’s Day aligns with other population nutrition research
using grocery sales data (Petimar et al 2022). For each of the two outcome variables, we ran a separate model
for each community. To ease interpretation, we exponentiated Poisson model coefficients and their 95%
confidence limits to produce a daily relative grocery expenditure ratio, a daily meat and meat products sales
volume purchase ratio, and similar ratios for each covariate. For each variable, these ratios were then
converted to percent change (compared to the reference category) for ease of interpretation.

For each outcome variable, we then conducted random effects meta-analyses across the communities to
estimate pooled effects for consecutive day of trail inaccessibility and for each covariate. We used a restricted
maximum likelihood approach in our random-effects meta-analyses to take into account the loss in degrees
of freedom resulting from the pooled effect estimation and to mitigate the downward bias of the between-
study variance estimator (Kontopantelis and Reeves 2010). Between-community heterogeneity was assessed
using the I? statistic and the Q-statistic with the associated chi-squared test and p-value.

3. Results

In our 40 month study period, all 13 communities had access to at least one safe trail most days (table S2 in
supplementary online materials). Percentage of trail-inaccessible days by community ranged from 5% to
24%, with a rough north-to-south gradient of increasing trail inaccessibility. Overall, meaningful
community-specific differences were not observed in total grocery or meat/meat product sales between
inaccessible versus accessible trail days (table S2 in supplementary online materials).

Figure 2 (along with table S3 in supplementary online materials) presents pooled estimates across
communities’ estimates of the adjusted percent change in daily relative grocery expenditure (as a percent of
annual sales dollars spent at the store) for 1, 2, 3, and >4 consecutive days of trail inaccessibility compared to
days when trails were accessible. We observed statistically significant decreases of 3% on Day 1 (95% CI:
—5%, —1%) and Day 3 (—5%, —1%), with low to moderate inter-community heterogeneity. Neither Day 2
nor Day >4 revealed significant change.

Regarding covariates, pooled estimates for three Inuit seasons were significantly lower than for Ukiuq
(reference season): Upingaksaaq (—3% [—5%, —1%]), Ukiagsaaq (—5% [—8%, —1%]), and Ukiaq (—4%
[—7%, —1%]). Daily relative grocery expenditure was significantly lower in fiscal year 2016 versus fiscal year
2013 (—5% [—7%, —4%]). Relative to Monday, we observed a significant change in daily relative grocery
expenditure for every day of the week except Saturday: increases on Tuesday (10% [5%, 14%]), Wednesday
(15% [11%, 19%]), Thursday (28% [22%, 36%]), and Friday (45% [37%, 54%]), with a decrease on Sunday
(—30% [—39%, —21%]). GN pay date (36% [28%, 42%]) and monthly Canada Child Benefit day (28%
[23%, 34%]) showed significant increases in daily relative grocery expenditure compared to other days, while
holidays exhibited a decrease relative to non-holiday dates (—33% [—41%, —23%]).

Community-specific results for daily relative grocery expenditure are shown in table S3 (supplementary
online materials). We observed significant decreases in daily relative grocery expenditure in two
communities: Large B on Days 1 (—7% [—10%, —3%]) and >4 (—5% [—9%, —2%]), and Small C on Day 3

6
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Figure 2. Pooled estimates (with 95% confidence interval) across all 13 study communities of percent change in daily relative
grocery expenditure (%) for each model variable: (a) consecutive day of trail inaccessibility; (b) Inuit-defined season; (c) fiscal
year; (d) day of week; (e) specific dates. N.B.: GN = Government of Nunavut; ‘Child benefit day’ = monthly Canada Child
Benefit date.

(—15% [—29%, —1%]). In all communities, daily relative grocery expenditure was significantly higher on
Thursday and Friday relative to Monday, GN pay dates versus non-pay dates, and monthly Canada Child
Benefit days compared to other days. Expenditure was consistently higher on Tuesday (8 communities
statistically significant; 1 non-significantly lower) and Wednesday (11 significant) but consistently lower
on holidays versus other days (12 significant), on Sunday (relative to Monday; 11 significantly lower; 1
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season; (c) year; (d) day of week; (e) specific dates. N.B.: GN = Government of Nunavut; ‘Child benefit day’ = monthly Canada
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significantly higher), and during fiscal year 2016 versus 2013 (8 significantly lower). There were less
consistent and fewer significant community-specific estimates for Inuit-defined seasons.

Figure 3 (along with table S4 in supplementary online materials) shows pooled estimates for percent
change in daily sales of meat and meat products (grams per capita) on trail-inaccessible days compared to
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trail-accessible days. The only significant change was a decrease on Day 1: —4% (—7%, —1%), with moderate
heterogeneity. Compared with Ukiug, we observed significant decreases in pooled estimates for three Inuit
seasons: Upingaksaaq (—6% [—9%, —3%]), Upingaaq (—8% [—12%, —3%]), and Aujaq (—8% [—12%,
—3%]). Compared to 2013, none of the subsequent three years yielded a significant percent change. Similar
to daily relative grocery expenditure, we observed significant changes in meat and meat product sales for
GN pay date (43% [34%, 54%]), Canada Child Benefit day (32% [25%, 39%]), holidays (—27% [—34%,
—20%]), and non-Saturday days of week relative to Monday: Tuesday (11% [4%, 18%]), Wednesday (17%
[11%, 23%]), Thursday (33% [25%, 42%]), Friday (55% [42%, 66%]), and Sunday (—40% [—49%, —28%]).
Table S4 in the supplementary online materials presents community-specific results for meat and meat
product sales. Five communities had significant decreases on inaccessible versus accessible trail days: Day 1 in
Large B (—10% [—15%, —4%]) and Large D (—11% [—19%, —4%]); Day 2 in Large A (—8% [—15%,
—1%]), Day 3 in Small C (—20% [—33%, —7%]) and Small D (—28% [—53%, —4%]), and Day 4 in Large B
(—9% [—15%, —4%]), and Large D (—9% [—16%, —2%]). Like with daily relative grocery expenditure, all
13 communities exhibited significantly elevated sales of meat and meat products on Thursday and Friday
(versus Monday), on GN pay dates (versus non-pay dates), and on monthly Canada Child Benefit days
(versus other days). Once again, sales were consistently higher on Tuesday (7 significantly higher; 1
significantly lower) and Wednesday (10 significant) relative to Monday, but were consistently lower on
holidays compared to non-holidays (9 significant) and Sunday (relative to Monday; 11 significantly lower; 1
significantly higher). For Inuit-defined seasons and year, there were fewer and less consistent significant
community-specific estimates.

4, Discussion

We hypothesized that consecutive days of trail inaccessibility in 13 Nunavut communities would predict
significantly more daily relative grocery expenditure and more daily sales volume of meat and meat products.
However, our pooled estimates revealed statistically significant declines in each of the two outcomes on
certain consecutive days of trail inaccessibility, with no significant increases. Significant community-specific
results were also in the opposite direction of our hypothesis. For each outcome, significant community-
specific declines were rare, relatively small, and not sustained over the consecutive trail-inaccessible days.
Furthermore, there was no geographic or community population size-related pattern to these results.

Our findings suggest low day-to-day dependency on subsistence in our communities of study. Contrary
to dietary surveys in Nunavut that have quantitatively tracked the displacement of country food by store-
bought food (Sharma et al 2010, Sheikh et al 2011, Sheehy et al 2013, Kenny et al 2018), qualitative studies
have tended to center country food in the Inuit food system (Chan et al 2006, Beaumier and Ford 2010, Ford
and Beaumier 2011, Wakegijig et al 2013, Statham et al 2015, Gilbert et al 2021). Our hypotheses perhaps
relied too heavily on communities’ qualitative emphases on the eminence of country food in their lives and
diet and on the adaptive practice of grocery shopping when harvesting is not possible (Statham et al 2015,
Gilbert et al 2021).

Our results align with the quantitated reality that, per the most recent territorially representative survey
in 2007-2008, Inuit in the Canadian Arctic source over 70% of their daily caloric intake from store-bought
food (Sheikh et al 2011, The Expert Panel on the State of Knowledge of Food Security in Northern Canada
2014), in contrast to the millennia-long dietary pattern wherein country food dominated due to semi-
nomadic life and continual harvest with near-immediate consumption (Wenzel 2000, Kuhnlein et al 2004,
Wenzel 2013). Nevertheless, country food retains irreplaceable cultural and economic value, and its
shrinking dietary role bears negative implications for population nutrition and health (Kuhnlein et al 2004,
Ford and Berrang-Ford 2009, Wakegijig et al 2013, Warltier et al 2021). As such, harvesting and country food
should continue to be studied alongside communities with mixed methodologies to generate comprehensive,
rigorous evidence in support of Inuit food sovereignty and well-being.

The nutrition transition in Nunavut has occurred in a two-way, positive feedback loop within the
broader, ongoing food system transformation and a legacy of colonization in Canada’s North: store-bought
food necessitates income, deepening trends away from subsistence livelihoods and toward the wage-based
economy, further elevating store-bought food over country food (Kuhnlein et al 2004, Sharma et al 2010,
Ford and Beaumier 2011, Harder and Wenzel 2012). Moreover, equipment, gasoline, and other costs
associated with harvesting have risen over the years, pushing some away from harvesting and kindling a
continual need for income—whether for groceries or harvesting—in this high-poverty population (Wenzel
2013). Income (more accurately, money) is now a hinge point of this evolving food system across Inuit
communities: those with higher income tend to be able to afford more store-bought food and/or harvesting
equipment (Harder and Wenzel 2012, Ready 2016, Hillemann et al 2023). However, these same individuals
tend to be engaged in wage labor that leaves them less time available for harvesting; meanwhile, those not
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employed in wage jobs have more time but ‘are cash-poor and thus limited in their ability to hunt’ (Wenzel
2017).

In view of this centrality of money in-flow in this mixed, contemporary food system, we included several
financial variables in our model, which ended up exhibiting the largest effect sizes of all. Across all 13
communities, each of the covariates GN pay date, monthly Canada Child Benefit day, and Thursday or
Friday (versus Monday) was associated with large, significant increases in total grocery sales and meat and
meat product sales. Pay date of a prominent local employer (i.e. the GN) and days later in the work week
(locally corresponding to pay dates of various non-GN income sources in Nunavut) are useful markers of a
wage-based economic system. Consistent, strong impact on Canada Child Benefit day sales points to the high
territorial prevalence of poverty and food insecurity (Statham 2012, Battle and Torjman 2013, Wakegijig et al
2013).

Strikingly, the relative increase in daily meat and meat product sales volume eclipsed that observed for
daily total grocery expenditure for each of these economically relevant covariates. This suggests that, when
Nunavut residents receive income, they not only buy more groceries in general than usual; in particular, they
buy more meat and meat products. This aligns with the known Inuit preference for meat—unsurprising
given traditional dietary patterns—and echoes the sentiment in the communities that, even with federal
subsidies, such items tend to be economically out-of-reach.

Our work also quantitatively evinces what Statham once posited: ‘greater fondness for store foods’ would
leave communities ‘less sensitive to climatic extremes’ (Statham 2012). Perhaps if our analysis had been run a
few decades prior, we would have observed our anticipated store-bought food sales responses to short-term
trail inaccessibility. While communities’ steady reliance on store-bought food may boost their resilience to
climatic threats to trails used for harvest, it also leaves them more vulnerable to macro-stresses on their
evolving, remote, Indigenous-majority food system—with potential detrimental effects on health and
culture. These stresses include long and fragile food supply chains, national and global economic forces (such
as inflation), federally led food policy for the territory (like the Nutrition North Canada program subsidizing
retailers’ shipment of groceries to Northern communities), and reliance on government assistance programs
like the monthly Canada Child Benefit. Climate change can disrupt timetables for flights and sealift (with
changing, extending open-water seasons). While these changes are not all necessarily negative for food
security, they do, on the whole, endanger food sovereignty.

Ford et al recently published a projection version of their model, estimating sea ice trail-inaccessible days
will substantially increase by century’s end across 53 Inuit communities (including in Nunavut) (2023). They
also project land trail-inaccessible days will decrease in Nunavut’s Baffin region and grow in the Kivalliq
region (at both high and low greenhouse gas emissions scenarios), with the Kitikmeot region gaining land
trail-inaccessible days in the low emissions scenario but losing them in the high emissions one. Growing
periods with no safe access to trails of any type were also projected (Ford et al 2023). Although results of our
present study found small to no short-term declines in daily total grocery expenditure or meat/meat product
sales volume, longer stretches with high prevalence of trail-inaccessible days (as long, consecutive periods are
relatively rare) should be studied for possible association with increased grocery sales.

A core strength of our study was the collaborative pairing of Inuit knowledge (via the hunter-validated
trail access model and our use of the NLUP Inuit-defined seasonal dates) with scientific data (e.g. sea ice
break-up dates) and analytic techniques. As Nunavut lacks a paved road system, communities exist as
effectively closed food systems, minimizing spillover risk. Nunavut residents tend to shop more frequently
and in smaller quantities compared to non-Arctic populations, meaning behavioral responses to stimuli
(such as trail inaccessibility) are more likely detectable.

It is also important to consider study limitations and potential alternative explanations for our
unanticipated results. One limitation to using grocery sales data is risk of ecological fallacy; there doubtlessly
exist broad distributions of sensitivity to the cascading impacts of trail inaccessibility within each
community. Some subpopulations who are highly reliant on trail accessibility for their food security may
need to turn to store-bought food during times of trail inaccessibility, whereas other highly reliant
subpopulations may not turn to store-bought food because they have a well-stocked refrigerator/freezer
and/or stable access to a food sharing network. Relatedly, our data cannot distinguish Inuit from non-Inuit
shoppers, who may each face distinct challenges and opportunities. This is particularly relevant in Iqaluit,
where Inuit comprise roughly half the community, while all other communities in Nunavut are much higher
proportion Inuit (Statistics Canada 2024).

Conceivably, environmental and weather conditions precluding safe trail use may also impede grocery
shopping in the short term; if conditions are prolonged, supply chain disruptions due to cargo flight delays
or cancellations may impact store stock and, thereby, sales. Trail access model thresholds were designed to be
applicable across Canadian Arctic regions rather than for each community (Ford et al 2019). With respect to
land trail use, the model does not capture: (1) whether there is enough snowpack for harvesters to use
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skidoos (versus all-terrain vehicles [ATVs]), and (2) in the summer, if trails are too muddy for ATV use. The
model also does not incorporate the state of lake or river ice. Given the long history of Inuit harvesters
adapting to environmental and weather challenges, misclassification of daily trail status is possible.

Our approach offered a novel yet partial view into a complex and evolving food system, as we were
unable to account for non-NWC food sources (e.g. the second major grocery chain) or other adaptive
behaviors, like use of food sharing networks or even simply going hungry (as described in some literature)
(Beaumier and Ford 2010, Statham et al 2015). Nevertheless, NWC’s market dominance and largely
consistent patterns observed across communities bolster confidence in our findings.

We initially considered using Ford et al’s high-risk trail user thresholds for maximal degree of trail
inaccessibility for our exposure variable but found that the proportion of days with complete trail
inaccessibility in our study period using this higher threshold was extremely limited. We therefore relied
solely on the normal-risk trail user thresholds, and thereby we were unable to study risk tolerance elasticities
(e.g. normal versus high thresholds). Interviews with Inuit hunters in Nunavut and the Northwest Territories
have found some experienced harvesters resort to ‘risking it” in poor conditions (Ford 2008, Naylor et al
2021). Perhaps the relatively few, ultra-engaged ‘super-harvesters’ who disproportionately account for
country food acquisition and distribution today tend to be more high-risk tolerant or risk-elastic trail users,
rendering it possible that harvesting persisted on days we classified as trail inaccessible. It also is possible that
normal-risk trail users, in the face of high desire and need for country food, might be willing to temporarily
take on a higher risk tolerance. However, harvesting activities have been declining in Nunavut for decades
(especially among youth) (The Expert Panel on the State of Knowledge of Food Security in Northern Canada
2014). Thus, in addition to there being few trail inaccessible days in the high-risk tolerant model, there are
likely ever-fewer such high-risk tolerant trail-using harvesters and more normal-risk or low-risk trail users.

Our study has three final limitations that are important to note. First, we conducted multiple
comparisons for our primary predictor variables; with 13 communities and 4 inaccessible trail day levels, we
conducted 52 comparisons. Therefore, some of our statistically significant community-specific results may
be due to chance alone. Our pooled estimates were not subject to this limitation. Second, our daily relative
grocery expenditure metric included some non-food/beverage items as well as food and beverages. However,
the vast majority of items in our grocery sales dataset are, in fact, food and beverages. Furthermore, the
consistency of results between this metric and the meat/meat products metric suggests the presence of a
small proportion of non-food/beverage items did not bias our results. Finally, the trail access model was
developed with Inuit harvesters to identify thresholds for conditions of safe travel on land, sea ice, and water
routes as commonly used for hunting, fishing, and gathering beyond one’s community; it is not harvesting
type-specific and does not account for all possible harvesting activities. It would require extensive additional
engagement with Inuit harvesters to identify thresholds specific to more niche (and intra-community)
activities like foraging, berrypicking, trapping, and more, as well as to map all of those potential trail
networks.

Our study found that daily grocery expenditure and sales of meat and meat products were overall
unaffected by 1, 2, 3, or >4 consecutive days of trail inaccessibility in 13 Nunavut communities. In view of
relevant literature, this suggests the local nutrition transition has progressed to where day-to-day reliance on
travel for country food harvest has likely substantially receded. We also identified study limitations and
potential alternative explanations for our unanticipated results that warrant further study. Future research
and decision-making related to the Inuit food system should be led by communities’ values, needs, and
desires. This is particularly salient given the subsistence economy’s fragility relative to the wage-based
economy, which has received weighty investments like food retailer subsidies that outsize federal and other
grants directly supporting harvesters.
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