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ABSTRACT
The second year of the COVID-19 pandemic in the Arctic was dominated by the Delta wave that 
primarily lasted between July and December 2021 with varied epidemiological outcomes. An 
analysis of the Arctic’s subnational COVID-19 data revealed a massive increase in cases and 
deaths across all its jurisdictions but at varying time periods. However, the case fatality ratio 
(CFR) in most Arctic regions did not rise dramatically and was below national levels (except in 
Northern Russia). Based on the spatiotemporal patterns of the Delta outbreak, we identified four 
types of pandemic waves across Arctic regions: Tsunami (Greenland, Iceland, Faroe Islands, 
Northern Norway, Northern Finland, and Northern Canada), Superstorm (Alaska), Tidal wave 
(Northern Russia), and Protracted Wave (Northern Sweden). These regionally varied COVID-19 
epidemiological dynamics are likely attributable to the inconsistency in implementing public 
health prevention measures, geographical isolation, and varying vaccination rates. A lesson 
remote and Indigenous communities can learn from the Arctic is that the three-prong (delay- 
prepare-respond) approach could be a tool in curtailing the impact of COVID-19 or future 
pandemics. This article is motivated by previous research that examined the first and second 
waves of the pandemic in the Arctic. Data are available at https://arctic.uni.edu/arctic-covid-19.
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Introduction

The localised outbreak of SARS-CoV-2, popularly known 
as COVID-19, was first reported in Wuhan, China, and 
then advanced rapidly as a global pandemic spreading 
unevenly over time and space [1–5]. Since the begin
ning of the pandemic, the original COVID-19 virus has 
mutated into many variants. The first well-known var
iant, Alpha (B1.1.7) appeared in the U.K. in 
November 2020, then spread around the world, in 
part, because it was 30–50% more contagious than 
the original virus, and by April 2021 had become the 
dominant variant in the U.S [6]. The Delta variant (offi
cially B.1.617.2) was the most contagious among earlier 
strains including Alpha [7,8]. Given the high transmissi
bility due to higher viral load expulsion [9,10], the 
World Health Organization (WHO) labeled Delta as 
a variant of concern in May 2021 [11]. The COVID-19 
cases due to the Delta surged globally in 2021 to 
a record high, accounting for 99.8% of total cases 
reported between October and November [11].

The Delta is not only highly transmissible but also has 
caused more severe disease compared to other variants in 
the unvaccinated population. The variant led to an over
whelming increase in hospitalisations and therefore signifi
cantly increased people’s risk of death [12–14]. In other 
words, Delta was optimised for higher infectivity and leth
ality [just as Yersinia pestis and its pla gene did in the primary 
wave of the Medieval Black Death; Bossak & Welford, [15] as 
it outcompeted other COVID-19 variants following its muta
tion in September or October 2020 [16]. Besides, the Delta’s 
contagious and severe nature, disparities in the distribution 
of vaccines, vaccine hesitancy, unequal access to health 
care, and inconsistency in the implementation of public 
health and social measure across the globe, including the 
Arctic, have contributed to the exponential spread of the 
variant leading to greater loss of life and once again causing 
social and economy dysfunction [17,18].

Delta was first discovered in India in October 2020 [19] 
and swept rapidly across the world. Delta was first 
detected in Russia, the UK, and the US in March 2021 
and surfaced in Canada in early April 2021 [20–22]. In 
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Arctic locations like Alaska, Iceland, Greenland, and the 
Faroe Islands, the first cases of the Delta were reported in 
the early summer of 2021 [21]. In these Arctic states, Delta 
arrived because of the loosening of COVID-19 restrictions 
that allow movement of the labour force, tourists, and 
other travellers in and out of the region [23,24]. To date, 
this variant has been identified in 188 countries and is 
among the most prevalent variants [25].

Smallpox, cholera, the 1918 pandemic influenza, tuber
culosis, and the 2009 H1N1 pandemic have all hit the Arctic, 
particularly remote communities and the Indigenous 
Peoples [26,27], and had long-term impacts on Arctic com
munities (Napoleon, 1991). The 1918 pandemic influenza 
outbreak killed 90% of the total population in Brevig 
Mission, Alaska, and more than 20% of the total 
Indigenous population of Labrador Canada [28,29]. 
Among Alaska’s Indigenous Peoples, the Inupiaq and the 
Bristol Bay Yupik had the highest mortality around 30% 
[28,29]. Indigenous populations around the world have 
experienced COVID-19 mortality at disproportionately 
higher rates than non-indigenous populations. In Alaska, 
American Indian and Alaska Native persons are 2.9 times 
more likely to die of COVID-19 than White persons [30]. 
Some of the contributing factors that make Arctic popula
tions, including the Indigenous Peoples, vulnerable to 
COVID-19 include remoteness, underdeveloped health 
care systems, and infrastructure, a young, but ageing popu
lation, political marginalisation, higher prevalence of under
lying medical conditions (such as hypertension, diabetes, 
heart disease, tuberculosis, hepatitis, obesity), poverty, food 
insecurity, and low living standards characterised by over
crowding, water contamination, and poor sanitation, 
among others Huot et al. [31,26,32].

The Arctic occupies a special place in COVID-19 
research given its remoteness, difficult socioeconomic 
conditions, population composition, and prevalent 
health characteristics [26,33]. Pre-existing vulnerabilities 
combined with the tragic history of pandemic deaths 
and neglect from respective governments have encour
aged the Arctic Indigenous communities to take pre
cautionary measures [34,35]. At the same time, the 
Arctic benefits from pandemic resilience capacities 
related to Indigenous knowledge and practices. Many 
Arctic communities have relied on a unique combina
tion of Indigenous knowledge, leadership, self- 
determination, and rapid vaccination to curtail the 
impact of the pandemic [33]. Proactive community lea
dership anchored in the principles of self-determination 
and Indigenous knowledge has made some Indigenous 
communities remarkably resilient to COVID-19 [36].

Previous studies have demonstrated the distinct chal
lenges the Arctic faces in relation to the COVID-19 pan
demic and potentially similar public health or infectious 

disease emergencies. Markova et al. 37, Lemieux et al. 38, 
Simonen et al. 39, Cook & Johannsdottir [40], Men & 
Tarasuk 41, and Golubeva et al 42,all have pointed out 
that the COVID-19 pandemic has exacerbated the existing 
socioeconomic vulnerability, food insecurity and health 
outcomes of the Arctic residents. The pandemic has 
pushed the people of Sakha (Northeastern Siberia, 
Russia) into poverty as people have lost their jobs and 
lacked stable earnings (overdue wage arrears) [37,43]. The 
pandemic has exacerbated the skilled workforce shortage 
in Northern Finland, Sweden, and Norway, especially in 
the five Arctic communities (i.e. Oulu, Rovaniemi, Lulea, 
Umea, and Tromso) [39,44,45]. Cook & Johannsdottir [40] 
developed a multiscale framework to assess the impact of 
COVID-19 on Iceland and Greenland across seven cate
gories [economic, environmental, social-cultural, business, 
ethical, health, science/education) and found that the 
pandemic has presented risks in both countries across 
all categories. Golubeva et al. 42,uncovered that self- 
isolation measures led to deterioration in the mental 
and physical health of older people as well as of caregivers 
living in the Russian Arctic.

Within the scientific community, there has also been 
a focus on the resiliency of Indigenous people that could 
alleviate the negative impact of a disease outbreak. The 
Arctic Council 46,and Petrov et al. Petrov et al. [33,47] 
acknowledged the importance of self-sufficiency (e.g. live
lihood based on subsistence activities] and Indigenous 
knowledge in contending with the challenges created 
by COVID-19. Bogdanov et al [48], Michele et al. [49] and 
[50] ,emphasised the sovereignty of the Indigenous 
Peoples, tribes, and local government units as an impor
tant tool to fight against the pandemic. Various scholars 
such as Bogdanova et a. [51], Palomino et al. [52], Petrov 
et al. Petrov et al. [53], and Retter [54], have also 
applauded positive measures taken by individuals, (such 
as online fish skin tanning workshops, organisation of the 
Arctic Indigenous Artists Virtual Network – AIVAN), and 
non-governmental organisations (pandemic safety appli
cation and game by Inuit Tapiriit Kanatami) to cope with 
the pandemic.

The above-mentioned literature, by highlighting chal
lenges, assets, and experiences of the Arctic, could serve as 
powerful tools in decision-making amid the pandemic. 
Similarly, data on COVID-19 by demographic and socio
economic characteristics at a granular level are essential 
for allocating resources and services, and for launching 
a variety of health campaigns to reach vulnerable popula
tions or populations with the greatest needs. Yet only a few 
studies have thoroughly examined COVID-19 data at the 
Arctic’s regional level. Petrov et al [33,55] collected and 
analysed Arctic regional (subnational) level data at multiple 
points in time. These analyses, in turn, motivate the present 
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study, which likewise seeks to examine spatiotemporal 
dynamics of the COVID-19 pandemic from January 2021 
to January 2022, particularly with respect to the Delta wave, 
and to develop a typology of the Arctic regions based on 
the spatiotemporal patterns of the Delta surge. Further, we 
extend our analysis to explore the geographies and timing 
of vaccination that could impact COVID-19 dynamics.

The remainder of this paper is organised as follows. 
First, we present a data and methods section that 
describes spatial coverage, data sources, and variables 
used in our study followed by our findings and then we 
discuss the typology of the COVID-19 regional dynamics 
during the Delta wave.

Data and methods

Spatial coverage

This analysis utilised spatiotemporal data on COVID-19 
cases and fatalities collected at the subnational (regio
nal, county) level for 52 regions in eight countries 

(Figure 1): Canada, Kingdom of Denmark (Greenland 
and Faroe Islands), Finland, Iceland, Norway, Sweden, 
Russia, and the USA. This closely follows the Arctic 
boundaries established by the Arctic Human 
Development Report (Einarsson et al. [56] and revised 
by Jungsberg et al. [57]).

Data

We developed and utilised a system that has been 
automatically collecting daily case and death informa
tion from a variety of sources including the Center for 
Systems Science and Engineering (CSSE) at John 
Hopkins University for Canada, Greenland, Faroe 
Islands, Iceland, and the USA (https://coronavirus.jhu. 
edu/map.html), the Public Health Agency of Sweden 
(https://www.folkhalsomyndigheten.se/), the National 
Institute for Health and Welfare of Finland (https://thl. 
fi), the Government of the Russian Federation (https:// 
стопкоронавирус.рф), and Verdens Gang (Norway) – 
https://vg.no. The data is extracted at 17:00 GMT 

Figure 1. Study area.
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each day, stored, and published daily on the Arctic 
COVID-19 dashboard (https://arctic.uni.edu/arctic-covid 
-19). The temporal coverage of this database extends 
from 21 February 2020 (the first documented case in 
the Arctic) to the present. However, for the purposes of 
this study, we focused on the COVID-19 dynamics in 
2021, in particular Fall 2021, (to capture the Delta 
“wave” in the Arctic), ending the examined period on 
1 January 2022. We used the ArcticVAX tracker 
(ArcticVAX [58]) to obtain information on vaccination 
trends for the same period. The definitions of “fully 
vaccinated” individuals differ by reporting country. 
However, in most jurisdictions, “fully vaccinated” refers 
to individuals vaccinated with at least two doses of an 
mRNA vaccine (e.g. Moderna and Pfizer) or one dose of 
the Johnson & Johnson vaccine or their equivalents 
required for full protection [59]. Due to the ineffective
ness of the vaccines against the new strains (e.g. the 
Delta) of COVID-19 [60], more doses are now required 
to be considered “fully vaccinated” in many jurisdic
tions, but these recent recommendations are not 
reflected in the data used.

Variables and definitions

We analysed key variables used to describe epidemics 
Dicker et al. [61]. Confirmed cases are individuals 
detected with SARS-CoV-2 nucleic acid or antigen in 
their clinical specimen [62] (i.e. symptomatic or asymp
tomatic persons who tested positive for SARS-COV-2 
virus). Daily increase is the number of cases confirmed 
within 24 hours after the previous reporting. Incidence 
rate represents a cumulative number of confirmed 
cases per 100,000 residents in a given period of time. 
Confirmed deaths are the number of deaths resulting 
from a clinical illness due to COVID-19 infection [62]. 
Mortality rate is the number of confirmed deaths attri
butable to COVID-19 infection per 100,000 residents in 
a given period of time. Case Fatality Ratio, or CFR, is the 
total number of deaths divided by the total number of 
confirmed cases at a given point in time. Given that 
data are from diverse sources and multiple jurisdictions, 
the specific definitions used by the reporting agencies 
may inevitably vary and have to be interpreted with 
some caution.

Results

In the context of the COVID-19 pandemic, epidemiolo
gists use the term “wave” to define a surge in incidents 
of the infection followed by a substantial decrease 
sustaining over a certain period [63]. As per Petrov 
et al. [33,55], the first case of COVID-19 in the Arctic 

was reported in February 2020 and spread through its 
regions in several distinct waves. Although there was 
some regional variation in the spatiotemporal patterns 
of the pandemic and numbering of the waves, based 
on cumulative and daily dynamics of the confirmed 
cases, the first Arctic-wide wave emerged between 
May and August of 2020 followed by the second wave 
starting in mid-September 2020. The second wave 
peaked in the late fall of 2020 and subsided by the 
early spring of 2021. Each wave’s period (i.e. start and 
end), magnitude (i.e. contagious), and intensity (i.e. 
severity) varied considerably among the Arctic 
regions [33].

Figure 2 illustrates a cumulative number of con
firmed COVID-19 cases in the Arctic from the beginning 
of the pandemic until 1 January 2022. In 2021 specifi
cally, between January and mid-June, the number of 
new cases was trending down. However, new cases 
gradually rose after mid-June, especially in October- 
December, indicative of the beginning of the third, or 
“Delta wave”, in the Arctic, i.e. when the Delta variant 
has been dominant around the globe [11,64]. The rate 
of increase in new cases was high and relatively con
stant throughout the second half of 2021.

Cumulative COVID-19 cases and deaths per 100,000 
for each region of the Arctic, as shown in Figure 3, 
signalled that the Delta wave was far more severe 
than the first and second waves of the pandemic. In 
fact, this wave signified the full arrival of the COVID-19 
pandemic to all Arctic regions and the vast majority of 
communities. More than 700,000 new cases and over 
17,000 new deaths were reported in the Arctic during 
2021. These estimates correspond to an increase of 
205.8% in cases and 334.8% in deaths compared to 
the previous year. By 1 January 2022, the Arctic 
reported 1,066,375 confirmed cases and 22,992 deaths. 
The majority of these cases and deaths occurred after 
May 2021.

However, the dynamics of the incidence of COVID-19 
infection were not uniform across Arctic regions 
(Figure 3). Northern Russia, given its large Arctic popu
lation, generally defined the overall Arctic trend. After 
reaching a peak in mid-December 2020 (“second wave” 
[33]), new COVID-19 cases in Northern Russia decreased 
in the early months of 2021, but by August, the Delta 
wave began with a gradual increase in cases and deaths 
per 100,000. The rate of new confirmed cases continued 
to rise until the end of the year. In Alaska, after a similar 
decline in cases early in 2021, confirmed COVID-19 
incidents per 100,000 precipitously increased, reaching 
the highest levels in the Arctic. In fact, they were more 
than twice as high as the Arctic as a whole. The growth 
in new cases slowed in December.
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Northern Sweden experienced rapid growth in new 
COVID-19 cases at the beginning of 2021, followed by 
a decreasing trend in the middle of the year and 
a slight upward trend at the end of the year 2021. 
Both cases and deaths per 100,000 in Sweden were 
exceptionally high during all of 2021, lagging only 
behind Alaska. At the same time, in the Fall of 2021, 
Northern Sweden saw a modest increase in new con
firmed cases and deaths, seemingly avoiding a distinct 
Delta wave.

Greenland and Iceland reported very few new 
COVID-19 cases, just under 2,000 cumulative cases per 
100,000, from Jan 2021 till mid-July 2021. Iceland went 
through a short period of growth and decline in new 
cases between mid-July and October followed by 
a rapid increase in the cases from November onward. 
Meanwhile Greenland, after mid-July, experienced an 
upward trend in new cases at an exponential rate. The 
Faroe Islands also saw a dramatic rise in new cases 
during the Fall of 2021. Even though Greenland and 
Iceland reported an increase in new cases, these 
regions had very few deaths, whereas the Faroe 
Islands observed an increase in the number of deaths 
in November. After the end of November, the Faroe 
Islands reported very few new fatalities.

Following a gradual increase beginning in Jan 2021, 
new monthly cases quickly rose in Northern Norway 
and Northern Finland from November 2021 to 
Jan 2022. The number of deaths also started to climb 

in Northern Norway after November 2021. New cases in 
Northern Canada gradually declined during the fall of 
2021 after a slow steady increase in the beginning and 
middle of the year. A slight upward trend in new 
monthly deaths was observed by Northern Canada 
after mid-summer, with the cumulative number of 
deaths just under 20 per 100,000.

During the Delta wave, there was a marked decline in 
the Case Fatality Ratio (CFR), as shown in Figure 4, in each 
region (except in Northern Russia) compared to the pre
vious COVID-19 waves. After the summer of 2021, just 
under one percent of the diagnosed individuals in most 
Arctic regions died from COVID-19. In contrast, by the 
end of 2021, Northern Russia’s CFR had exceeded 2%. The 
Delta variant is highly contagious, as indicated by quickly 
rising cumulative confirmed cases, but seems less severe 
in terms of CFR in the Arctic compared to the previous 
COVID-19 waves, nonetheless. Low CFR can possibly be 
attributed to mass vaccination campaigns with continued 
containment measures in the Arctic.

Previous studies indicated that during the earlier 
COVID-19 waves northern regions were exhibiting 
lower rates of COVID-19 cases compared to their 
respective country as a whole [33,55]. In contrast to 
the first and second waves, after the Delta wave, 
Arctic regions seemed to experience new confirmed 
COVID-19 case rates similar to their mainland counter
parts. Alaska, Northern Sweden, and Northern Russia 
had cumulative cases per 100,000 slightly higher, 

Figure 2. Cumulative Confirmed COVID-19 Cases in the Arctic (20 February 2020–1 January 2022).
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while the Faroe Islands, Northern Finland, and Northern 
Canada had lower (but the difference diminished com
pared to the earlier stages) cumulative cases rates than 
their overall nations. This pattern likely indicates that 
the northern regions have been “catching up” with the 
rest of the respective countries as the pandemic arrived 

in full force in more remote territories. However, the 
mortality rate and the cumulative CFR for Arctic com
munities were significantly lower compared to their 
mainland except for Northern Russia. This is an impor
tant discrepancy that may be attributed to vaccination 
rates and better preparedness of healthcare systems for 

Figure 3. Cumulative cases per 100,00 (top); Cumulative deaths (bottom) per 100,000.
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the third wave later in the pandemic. The notable 
exception was Russia whereby 1 January 2022, northern 
regions had reported 231.7 deaths per 100,000, 
a number far above any other Arctic region and Russia 
as a whole.

Regional typology of the COVID-19 pandemic 
dynamics

The notion of “waves” has been often used to provide 
a useful overarching description for pandemic dynamics 
[63]. Previous work identified several regional typolo
gies of spatiotemporal trends in the early course of 
COVID-19 pandemic in the Arctic [33,55]. At that time, 
four distinct types of dynamics were observed: shock
waves (early onset of the pandemic in the spring of 
2020 with a rapid spike in both cases and deaths), 
protracted waves (protracted “first” and “second” 
waves with an unsteady, but continued growth in 
cases and deaths), tsunami wave (low initial COVID-19 
presence with a subsequent dramatic peak of cases), 
tidal waves (a continuously high level of new cases with 
some fluctuations) and isolated splashes (no early 
waves, isolated small cases spikes – regional largely 
unaffected by the pandemic). Some of the early differ
ences in regional patterns are credited to the divergent 
pandemic prevention policies and vaccine rollouts. For 
example, Sweden (protracted wave) had taken a herd- 
immunity approach early in the pandemic by 

emphasising personal responsibility as opposed to strict 
isolation measures implemented by its Nordic neigh
bours Kamerlin & Kasson, [65]020; Yan et al. [66]. Russia 
(tidal wave) in 2020 focused its efforts on the develop
ment of the vaccine rather than prevention measures 
enforcement (Jones & Roy, [67]).

During the third, Delta wave, regional differences in 
the temporal dynamics of the COVID-19 pandemic were 
also evident (Figure 5). However, the universal pattern 
was a dramatic increase in both cases and deaths by 
the end of 2021. If until mid-2021 some Arctic regions, 
such as Greenland, the Faroe Islands, Northern Canada, 
Norway, and Finland, nearly avoided COVID-19 out
breaks by applying strict anti-epidemic measures, all 
of them experienced the rapid arrival of the pandemic 
later in the year. As was pointed out in the previous 
studies, the delay of the pandemic onset in some 
remote jurisdictions could only provide temporary 
relief, but not stop the eventual start of the pandemic 
[33]. In the Fall of 2021, a mass growth in cases even in 
the most isolated regions indicated that the COVID-19 
pandemic in the Arctic had advanced to the next, very 
dangerous stage: limited healthcare infrastructure and 
resources in northern communities faced formidable 
challenges on how to provide an adequate response 
to the spreading disease. At the same time, less sub
stantial growth in fatalities, and relatively low CFR 
(Table 1) gave evidence of a less dramatic impact of 
the pandemic than expected, most likely due to better 

Figure 4. Case-Fatality Ratio (CFR).
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Figure 5. Daily confirmed COVID-19 cases and deaths (7-day moving average).
Note: Finland aggregates fatalities by hospital districts, which differ from regions used for aggregating cases. Death rates for Finland are not 
reported.
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preparedness and successful vaccination campaigns in 
early 2021 (Figure 6).

The “wave” patterns persisted, although they chan
ged their geographies and new types of dynamics 
emerged, while others disappeared.

Tsunami wave
Many Arctic regions exhibited tsunami-like COVID-19 
dynamics with abrupt and dramatic spikes in daily 
cases (and, in some areas, deaths) that started in late 
summer or early fall of 2021 and culminated in October- 

November of 2021 (Figure 5). This was also reflected in 
a sharp rise in cumulative cases per 100,000 (Figure 3). 
This group includes Greenland, Iceland, the Faroe 
Islands, Northern Norway, Northern Finland, and 
Northern Canada. Many of these regions were relatively 
unaffected by the pandemic before and therefore had 
to deal with the first major wave of the disease. It is 
notable, however, that the mortality dynamics did not 
necessarily follow the cases. We can distinguish 
between the two types of mortality dynamics: in some 
regions, the rise in caseloads corresponded with 

Table 1. COVID-19 Pandemic in the Arctic regions (21 February 2020–1 January 2022).
Country/Territory Confirmed Cases Cumulative Confirmed Deaths Cumulative Cases Per 100,000 Deaths Per 100,000 CFR %

Arctic 1,066,375 22,992 8,719.4 188.0 2.2
Iceland 27,059 37 7,431.1 10.2 0.1
Greenland 2,611 1 4,660.4 1.8 0.0
Faroe Islands 6,081 14 12,538.9 28.9 0.2
Denmark* 823,282 3,272 14,213.6 56.5 0.4
Alaska (USA) 156,628 977 22,101.7 137.9 0.6
USA 55,024,448 825,466 16,623.6 249.4 1.5
Northern Finland 24,859 n/a** 3,127.2 n/a n/a
Finland 277,700 1,728 5,012.0 31.2 0.6
Northern Canada 4,787 31 3,468.5 22.5 0.6
Canada 2,256,747 30,616 5,979.4 81.1 1.4
Northern Norway 20,284 85 4,136.4 17.3 0.4
Norway 396,415 1,305 7,296.4 24.0 0.3
Northern Sweden 58,609 502 14,115.9 120.9 0.9
Sweden 1,314,784 15,310 13,018.6 151.6 1.2
Northern Russia 765,457 21,345 8,307.5 231.7 2.8
Russia 10,340,011 303,496 7,085.4 208.0 2.9

*Data for Denmark proper 
**Finland reports fatalities using different spatial units than cases. 

Figure 6. Percent of fully vaccinated individuals in total population.
Source: ArcticVAX, 2022 Note: Finland, Norway and Sweden are depicted using countrywide data.
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a considerable increase of fatalities in a tsunami-like 
fashion (e.g. Northern Canada, Northern Norway, and 
the Faroe Islands), while in others (e.g. Iceland), daily 
deaths had only isolated splashes following the “tsu
nami” of cases.

Superstorm
The COVID-19 pandemic in Alaska was generally similar 
to a tsunami pattern, but the height of the confirmed 
cases wave separates it from other regions (Figure 5, 3). 
The pandemic superstorm commenced in late July – 
early August 2021 and peaked in September 2021, but 
new cases remained high until November 2021. By the 
summer of 2021, Alaska had ended most of its state
wide anti-COVID restrictions and mandates (e.g. the 
State of Alaska COVID-19 Disaster Declaration was dis
continued on 30 April 2021) and welcomed tourists. 
During the Delta wave, Alaska quickly moved to 
become a hot spot of the pandemic with cases exceed
ing 22,000 per 100,000 by the end of 2021. Mortality 
also showed multiple dramatic spikes that followed 
massive increases in detected cases.

Tidal wave
As in the past, continuously high, albeit fluctuating, 
daily cases and deaths were observed in Northern 
Russia. In the summer of 2021, Russia experienced 
a decline in recorded new cases, but this pattern was 
reversed in July 2021 to culminate in November 2021 
with a pronounced Delta wave. This phase of the pan
demic was more severe in the northern regions of 
Russia compared to the rest of the country (Table 2), 
likely reflecting the low level of preparedness, 

inconsistent quarantine measures, curtailed healthcare 
capacities, and limited availability and/or uptake of 
vaccines in remote areas.

Protracted wave
Sweden previously experienced protracted waves of 
the COVID-19 pandemic likely associated with its light- 
touch approach to the pandemic, resisting lockdowns, 
underemphasising social distancing and mask- 
wearing, and believing in building herd immunity. 
This resulted in a steady growth of cases and deaths 
and a very high CFR in 2020. When in January 2021 
Sweden tightened the rules [68,69], the epidemiologi
cal characteristics of Northern Sweden improved 
(Figures 5, 3) the daily number of cases dropped and 
the very protracted second wave of the pandemic 
concluded by July 2021. After implementing these 
measures and rolling out vaccines, the subsequent 
Delta wave (Fall of 2021), was very minor compared 
to the second wave, although it was again protracted 
spanning between August and December.

Spatiotemporal trends of COVID-19 vaccination in 
the Arctic

COVID-19 vaccines were first administered in the Arctic 
in December 2020. Alaskans and Arctic Canadians were 
among the first individuals across the Arctic and the 
world to receive doses of COVID-19 vaccines. In 
January 2021, Alaska led the nation in vaccination 
rates [70], and by May over 60% of adults (i.e.16 years 
old and older) living in Aleutians East Borough, 
Skagway Municipality, Sitka City and Borough, and 

Table 2. Regional Typology of COVID-19 Pandemic Dynamics in the Arctic: 2021 Summary Characteristics.
Type of 
dynamic Regions Key epidemiological characteristics Public health response

Tsunami Greenland, 
Iceland, 
The Faroe Islands, 
Northern Norway, 
Northern Finland, and 
Northern Canada

Rapidly growing moderate cases rates. Mortality 
rates varied but generally were moderate or low 
(with the exception of individual outbreaks).

Stricter prevention measures in both private and public 
spheres during the spring of 2021. 
Removed or eased most of the domestic COVID-19 
measures and entry restrictions in early summer. But 
later reinforced most of the prevention measures. 
Mass vaccination campaign throughout the year.

Superstorm Alaska Rapidly growing new cases and mortality rates, 
highest cases per 100,000 in the Arctic

Rapid and mass vaccination in the early year of 2021. 
Focused on opening the economy with 
recommendations on COVID-19 prevention measures 
and gradually lifted COVID-19 restrictions such as 
requiring proof of vaccination to travel to and within 
Alaska, quarantine requirements, etc.

Tidal wave Northern Russia Continuously high, albeit fluctuating, daily cases and 
deaths; high CFR

Inconsistent quarantine measures (delegated to 
regional authorities, variable enforcement). 
Curtailed healthcare capacities and limited 
availability of vaccines in remote areas.

Protracted 
Wave

Northern Sweden Steady change (growth or decline) in cases and 
deaths, minor wave compared to the 2nd wave

Finally implemented COVID-19 prevention measures 
and restrictions in January 2021 such as limits on 
gathering, accessing public places, and travel. From 
summer onwards, the Government of Sweden 
phased out COVID-19 restrictions in various stages 
with a focus on mass vaccination.
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Yukon-Koyukuk Census Area had received at least one 
dose (ArcticVAX, 2022). This was a remarkable and 
unique experience of successful early vaccination roll
out administered by the Alaska Native Tribal Health 
Consortium, an Indigenous-controlled health organisa
tion, in coordination with other agencies and tribes 
[71]. The campaign was aimed at attaining high vacci
nation levels in remote predominantly Indigenous com
munities and was largely successful. A similar early 
vaccination campaign was organised in northern 
Canada [72]. Both are clearly illustrated by the vaccina
tion dynamics shown in Figure 6. However, Alaska vac
cination uptake decelerated considerably compared to 
Northern Canada largely due to vaccine hesitancy in 
non-Indigenous populations and some Alaska Native 
groups. Still, Northern Canada and Alaska, arguably 
some of the most remote parts of the Arctic, led the 
Arctic regions in terms of vaccination rates until May, 
when other jurisdictions, most notably the Nordic coun
tries, started to increase their vaccination prevalence. 
The rates varied depending on vaccination policies, 
mandates, and availability in each jurisdiction. On the 
other hand, Russia had reported relatively low vaccina
tion rates, and that rate grew slowly throughout 2021.

Discussion

The term “wave” has been used to describe the various 
epidemiological phases of COVID-19 variants that have 
impacted global communities. The results of this analy
sis indicate that various regions of the Arctic experi
enced the Delta wave very differently and exhibited 
four types of COVID-19 spatiotemporal dynamics. 
Arctic communities, as well as the public health emer
gencies that affect them, cannot be stereotyped or 
lumped into one definition. Each Arctic region was 
impacted by the Delta variant, at different levels of 
intensity and at various time periods from each other.

This study clearly demonstrated that Arctic regions 
are diverse, and they vary in how a global pandemic 
may be experienced. Pre-existing environmental, socio
cultural, political, organisational, and geographic condi
tions can fundamentally impact the timing of when 
infectious disease outbreaks may occur, the level to 
which various subpopulations in a region may be 
affected, and ultimately could help explain the level to 
which morbidity and mortality rates can be impacted. 
These differences in experiences can be particularly 
important to understand as a virus may mutate and 
pose new threats to communities, even though it is 
still part of one pandemic.

It is also evident that COVID-19 prevention and miti
gation policies played a considerable role in 

determining the spatiotemporal dynamics of the pan
demic. Regions with stronger mandates and policies 
and with more effective enforcement fared generally 
better than others. For example, Greenland implemen
ted some of the strictest measures in the Arctic, such as 
a temporary ban on entering the island, suspension of 
internal travel, lockdowns, and quarantines in pan
demic-affected areas. As a result, it had a very low per 
capita caseload and mortality. Jurisdictions that were 
quick to cancel the preventive regulations, such as 
Alaska, had a very pronounced and steep Delta wave. 
Another important factor was the rollout and adoption 
of vaccines, especially successful in Northern Canada, 
Alaska, and Nordic countries.

Relying on an Indigenous-controlled or focused 
healthcare system appeared to increase the effective
ness of vaccination campaigns in Indigenous commu
nities [as was shown elsewhere as well: Foxworth et al, 
73, Haroz et al., 74]. Relatively low vaccination rates in 
Northern Russia along with the low level of prepared
ness, inconsistent public health prevention measures, 
curtailed healthcare capacities, and other factors corre
sponded to high mortality and CFR. Despite a history of 
coerced medical experimentation and abuse, the Arctic 
Indigenous communities were among the first to imple
ment mass vaccination as early as December 2020 
[71,72]. In Alaska, initial higher vaccination rates can 
be largely attributed to strong vaccine-distribution net
works, tribal cultural values that emphasise protection 
and honouring of elders, culturally tailored messaging 
strategies to overcome vaccine hesitancy, and tribal 
sovereignty that allowed the tribal groups to establish 
their campaign and priorities [73]. Prioritising vaccina
tion access to certain community members such as 
elders, knowledge keepers, and health providers, and 
the door-to-door vaccine outreach to medically fragile 
community members had boosted the general confi
dence of Alaskans in the vaccine [73,74].

The aggregate data analysed in this paper does not 
reveal the differences in COVID-19 impacts on Arctic 
Indigenous populations compared to non-Indigenous 
residents. Indigenous populations generally were dis
proportionately affected by the pandemic around the 
world [75,76]. A recent retrospective analysis of these 
discrepancies in Alaska provides additional confirma
tion of the existing gap: the ratios for case, hospitalisa
tion, and mortality rates for Indigenous Alaskans 
compared with White persons in 2020 and 2021 were 
2.2, 2.7, and 2.9 higher, respectively [30]. The pandemic 
also disproportionately affected the elderly, a group 
that has a special role in Indigenous communities 
[77,78]. These and other inequities are important to 
examine further at regional and community levels. 
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Another important dimension is the urban-rural divide. 
More urbanised areas generally had an earlier onset of 
the pandemic, but during the Delta wave rural, remote 
areas were more affected (in relative terms) experien
cing very high per capita confirmed caseloads.

If early in the pandemic the Arctic benefited from 
the “blessing of remoteness” (i.e. a delayed start of the 
pandemic due to being away from large settlements 
and transportation hubs), in 2021 Arctic regions suf
fered from the “curse of remoteness” associated with 
their limited healthcare infrastructure and capacity [33]. 
However, some communities were able to capitalise on 
the “blessing” to successfully fight the “curse”. In parti
cular, observations of the Delta wave, alongside pre
vious COVID-19 pandemic dynamics [36,47,55], indicate 
that Arctic regions, especially remote communities, 
could have benefited from a three-pronged pandemic 
response. These three elements include (1) delaying the 
arrival of the pandemic by using widespread and strict 
prevention measures, information campaigns, as well as 
Indigenous knowledge and Indigenous control of their 
communities; (2) using the time before the arrival of the 
pandemic to prepare for its eventual onset (e.g. 
strengthening healthcare system capacities and con
ducting mass vaccinations on-site), and (3) responding 
to the pandemic using all available means of the 
healthcare system, but also engaging Indigenous 
knowledge and self-determination over healthcare. For 
example, Indigenous communities in the US High North 
often benefited greatly from the Alaskan Community 
Health Aide Program and its strong partnerships with 
regional hospitals. COVID nursing teams were dis
patched to remote villages to conduct testing and vac
cinations on-site, with a special focus on providing 
culturally appropriate care to Elders. Although no single 
region specifically followed all the steps, Greenland 
and, possibly, Northern Canada implemented similar 
approaches in some areas. The Nordic countries also 
likely benefited from strong, well-organised national 
health care systems committed to mitigating the spread 
of the virus.

Examples of policies and actions addressing the epi
demic with limited resources that fall within this frame
work may vary. For instance, with inadequate medical 
resources and infrastructure, the Delta outbreak in multi
ple places at the same time in Greenland was predicted to 
have a catastrophic loss of life. Thus, Greenland focused 
first on fully vaccinating people in the largest city of Nuuk 
and towns, assuming an outbreak would be more likely to 
occur in a town before it spread to a hamlet and whereas 
vaccination campaigns for hamlets required a large 
amount of resources, time and effort [23]. In another 
example, remoteness initially delayed the arrival of 

COVID-19 in the Baffin (Qikiqtaaluk) region of Nunavut 
in the Canadian Arctic. Massive awareness campaigns 
grounded in the local context and drawing upon the 
knowledge of Indigenous elders and knowledge keepers 
were launched under the leadership of the Qikiqtani Inuit 
Association (QIA) [36,79]. The lockdown implemented in 
Nunavut greatly decreased possible infections in late 2020 
and the subsequent vaccination campaign commenced 
on 6 January 2021, likely prevented thousands of COVID- 
19 cases [80].

Conclusions

The spatiotemporal dynamics of the COVID-19 pandemic 
in the Arctic in 2021 were dominated by the Delta wave 
that generally lasted between July and December 2021 
with some variations among Arctic regions. The second 
year of the pandemic signified a massive increase in cases 
and deaths among all jurisdictions with COVID-19 finally 
arriving even in most remote Arctic communities. The 
onset of the Delta wave corresponded to the steepest 
growth in confirmed cases and mortality since the begin
ning of the pandemic in February of 2020. At the same 
time, the CFR in most Arctic regions did not rise as sharply 
and was largely below the national level (except for 
Russia). These dynamics, as well as their regional differ
ences, are likely attributable to changes in the COVID-19 
prevention and mitigation measures and varying degrees 
of vaccination rates. Some Arctic regions led the world in 
early vaccination efforts (Northern Canada and Alaska), 
while others lagged (Northern Russia). It also appears 
that having an Indigenous-controlled healthcare system 
was a positive factor in the successful vaccine rollout. At 
the same time, early reopening might have hampered the 
efforts to curtail the pandemic.

One of the potential lessons from the Arctic is that the 
three-prong delay-prepare-respond approach may work 
best in remote and largely Indigenous regions and com
munities. It entails delaying the onset of the pandemic, 
preparing and conducting mass vaccinations, and 
responding by bringing together medical science and 
Indigenous knowledge within an Indigenous-controlled 
healthcare system when the pandemic arrives. 
Indigenous, rural, and remote communities in other 
parts of the world have much to learn from the Arctic 
COVID-19 mitigation approach that capitalises on pre
vious pandemic experiences, traditional knowledge, com
munity leadership, self-determination, and public health 
interventions to deal with the pandemic [47,81]. The Arctic 
approach not only reduces fatalities but addresses chal
lenges produced by COVID-19 while also offering an 
important lesson to cope with future pandemics which 
will likely be inevitable and more aggressive.
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COVID-19, including the Delta variant, is only the 
latest novel virus to create concern for the public 
health and wellbeing of the world, including that of 
remote areas like the circumpolar region. The increas
ingly warming and rapidly changing global High 
North is no longer isolated, and its human geography 
is linked to the rest of the world through complex 
local, regional, national, and international relation
ships. Novel virus pandemics are expected to increase 
in frequency and intensity in future years due to 
climate change, increased globalisation, the need for 
in-migration of labour, greater human density in 
urban and littoral areas, and other factors. Public 
health officials, government leaders, Indigenous orga
nisations, and policymakers must understand that 
infectious disease prevention and mitigation strate
gies for global pandemics must include not only 
transnational cooperation but also take into account 
local and regional variances in the geography of com
munities in order to effectively impact outcomes.

Limitations

COVID-19 data in the Arctic is prone to reporting, accu
racy, and access issues [see 47,55]. This study relied on 
publicly available datasets that used national/regional 
definitions and data handling practices. This likely leads 
to under- or misreporting, inconsistencies and errors. To 
partially alleviate this, we examined aggregates and 
longer-term trends rather than individually reported 
numbers or short-term pandemic events.
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