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Abstract – A rapidly growing literature shows that COVID-19 and the measures to contain the spread of
the virus can have significant market impacts for seafood. These can be interruptions of production, or
reductions in demand directly or indirectly due to supply chain challenges. In this paper we investigate the
potential impacts of COVID-19 on seafood exports from Norway, the world’s second largest seafood
exporter, using highly detailed data from 2016 through May 2021. These data allow us to assess upstream
impacts in the seafood supply chain close to the producer level in aggregate and by main sector, impacts on
the largest products, and the extent to which export firm structure and export markets served have changed.
We find very few impacts in aggregate as well as for individual products, suggesting that the markets and
supply chains used by Norwegian seafood exports were sufficiently robust and flexible to accommodate the
shocks created by COVID-19. Given Norway’s size as a seafood exporter, the impact of COVID-19 has
likely been moderate upstreams for a number of seafood sectors around the world, especially those in
wealthy nations, with opportunities balancing out challenges, and that the supply chains have been highly
resilient.
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1 Introduction

Measures implemented to limit the spread of the COVID-19
virus in 2020 and 2021 have reduced demand and trade for a
number of productsworldwide (Bartik et al., 2020;Hayakawaand
Mukunoki, 2021;Espitia et al., 2022).This is a potential economic
and social challenge as firms struggle with profitability and
workersare laidoff.There isa rapidlygrowing literature indicating
that this is true also for seafood (e.g. Link et al., 2020;White et al.,
2021;Bassett et al., 2021;Coll et al., 2021;FAO,2020a,b;Gordon,
2021; Lebel et al., 2021). This literature often rely on indicators or
ding author: frank.asche@ufl.edu

n Open Access article distributed under the terms of the Creative Co
which permits unrestricted use, distribution, and reproduction in
interviews as a significant time lag exists before actual data on
production,pricesand trade ismadeavailable1.However, thereare
also some indications that the picture is not only negative. For
instance,Loveet al. (2021) showastrong increase in retail demand
for seafood in the U.S. that may be large enough to offset the
reduction in seafood demand from restaurants in aggregate,
although the impact may vary by species and product form as
different species market shares vary significantly betweenmarket
segments (Love et al., 2020, 2022). Yang et al. (2022) show that in
China, the prices of a number of vegetable staples increased
strongly in response to lockdowns, but that therewereonly limited
1Asseng et al. (2021) provides an interesting perspective on
forecasting of food production, and show that predictions are doing
particularly poorly when there is a high degree of uncertainty.
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Fig. 1. Monthly export value. January 2016–May 2021.

2We have also conducted regressions for the value, quantity and unit
price for all the aggregate categories as well as the 25 product forms
where we perform structural break tests in March 2020 when
controlling for seasonal and yearly variation. None of these tests
indicated significant impacts due to COVID-19, although it should be
noted that they are likely to have low power given the relatively few
observations.
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impacts on meat and seafood prices, and Villasante et al. (2021)
show mixed impacts in the Spanish fishing fleet.

The impacts of lockdowns and other pandemic related
measures can take a number of forms depending on the
flexibility of producers and markets. At the production level,
fishers are likely to be more flexible than aquaculture
producers in the short term, as a large share of the total cost
are variable for fishers as many costs are variable for fishers
and are only incurred is a fishing trip is conducted (e.g., fuel)
(Roll et al., 2022). Hence, it may be relatively easy for a fisher
to reduce landings in response to lower demand, thereby also
reducing income but limiting the downward pressure on price.
In the longer run, there may even be positive stock effects due
to reduced fishing effort (Stokes et al., 2020). An aquaculture
producer will have started the production process much earlier
and will have fish at the market size as well as intermediate
sizes in the ponds or pens when the market disruption occurred.
Hence, the ability to adjust production in the short run is
limited as significant costs have already been incurred. As
such, one would expect that a strong reduction in demand
would have a limited effect on the quantity produced in
aquaculture, but a strong price effect due to the limited
opportunity to reduce production in the short run (Asche et al.,
2017). Moreover, there may be lagged effects in aquaculture as
the challenges or uncertainty related to a reduction in demand
may reduce the production in the next cycle. Within this
context, one might expect a stronger relative quantity response
to the crisis for the fisheries sector, and a stronger price
response for the aquaculture sector.

Negative price effects can be reduced if producers and
exporters can re-allocate supply across different markets
and product forms in response to the crisis. The lockdowns
and other COVID-19 relatedmeasures, and therefore themarket
andsupply-chaindisruptions didnot occur simultaneously. They
started in China in January 2020 (Yang et al., 2022) and spread
with the virus, and thereafter varied with the intensity of new
virus variants and measures. As such, whether a producer
experiences a reduction in aggregate demandwill depend on the
number of available alternative markets and how flexible the
supply chains are. Alternatives can be different markets and
supply chains within the same country as for example the shift
from restaurants to retail sales discussed byLove et al. (2021) for
seafood in the U.S. and by EUFOMA (2022) for turbot in Spain
or by the increased importance of direct sales (Stoll et al., 2021),
or it can be different countries as seafood is highly traded
(Anderson et al., 2018). The important insight is that if reduced
demand in one market can easily be accommodated by shifting
the supply to other markets, the aggregate demand facing the
producer and their revenue will not change very much. The
Spanish turbotcase isalso interesting in that it shows that the shift
between supply chains may take some time as well as how the
impact differs by company (EUFOMA, 2022).

In this paper we investigate how Norwegian seafood exports
responded to COVID-19 measures using highly disaggregated
trade data. Norway is theworld’s second largest seafood exporter
(FAO, 2022) and more than 90% of the seafood produced is
exported. Hence, trade data reflect the industry’s performance
well. Norway has a diverse seafood sector with a significant
aquaculture industry, groundfish and pelagic fisheries (Cojocaru
et al., 2019;Asche et al., 2020) and trade awide variety of product
forms to a large number of countries (Straume et al., 2020a;
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Cojocaruetal.,2021).Theexport sectorconsistsofa largenumber
of export companieswith different degrees of product andmarket
specialization, where some products are highly dependent on a
few companies andmarkets, while others are well diversified and
potentially much more flexible in responding to market shocks
(Oglend and Straume, 2019; Straume et al., 2020b; Asche et al.,
2021; Oglend et al., 2022). Seafood is a highly traded food group
with as much as 78% of the global production exposed to trade
competition (Tveteras et al., 2012). Hence, the results should be
relevantbeyondNorwegianseafood tradeas the impacts are likely
to be similar for upstream businesses in the seafood industry in
many other countries, and particularly in Europe.

The data used in this paper is Norwegian custom
declarations, and as most Norwegian seafood exports are
relatively un-processed, this means that the analysis is
upstreams in the relevant supply chains. The data capture
the value and quantity of every export transaction, which
company conducts the transaction, the product identified at the
8-digit level in the HS-nomenclature and the destination
country. The trade flows will be aggregated to a monthly level
for the analysis at the product level, and further aggregated for
the more general categories and overall trade patterns. We will
follow Love et al. (2021) and visually inspect for movements
outside of the range that revenues, quantities and prices had in
the four years before 20202.

In the next section we will provide an overview of the trade
flows by revenue, quantity and price for themain species groups
(aquaculture, whitefish and pelagics). This will be followed by
the development of exports for the 25 largest products at the
8-digit level in theHS-nomenclature. There are also a number of
important potential impacts beyond the pure economic values.
We will here investigate two � whether there is significant
changes in the number of exporters or their share of the trade and
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Fig. 2. Monthly export quantity. January 2016–May 2021. Fig. 3. Monthly unit prices in NOK/kg. January 2016–May 2021.
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if there are significant changes in which countries the seafood is
exported to.

2 Overall trade

Figure 1 shows the monthly export values by the three
main categories aquaculture, whitefish and pelagic. With an
average monthly export value of 5.8 billion NOK, aquaculture
is by far the most important category3. This category is
dominated by salmon, but around 10% of the export value is
fresh and frozen whole trout and fresh halibut4. While we do
not provide separate figures by processing form, it is
worthwhile to note that almost 80% of the exports in the
aquaculture category is fresh.

The two categories comprised of wild fish (whitefish and
pelagics) havemuchstronger seasonality.Whitefish is the largest
with exports of on average 1.2 billion NOK per month and has
cod as the main species, but also includes species like haddock,
saithe and Greenland halibut. These are mostly exported in
conserved product forms like frozen, dried or salted, although
there are also significant fresh exports of cod. The exports of
pelagics are on average 0.46 billion NOK per month, with
mackerel and herring as the two main species. Aquaculture
makes up 77.4%of the export value and 55.3%of the exports by
quantity indicating that farmed fish are higher priced than the
wild fish. The value of whitefish is significantly higher than for
pelagics, although the quantity of pelagic fish is slightly larger
than whitefish indicating a much lower average price.

The vertical line in Figure 1 indicates March 2020, the
month when lockdowns were implemented in Norway and a
number of other European countries, which is the most
important market for most Norwegian seafood products
(Straume et al., 2020a). There are no clear discontinuities
that indicate lockdown effects for the main categories.
Aquaculture exports continue with moderate monthly variation
3 The exchange rate between NOK and EUR was about 10 in 2021,
while it was about 9 between NOK and USD.
4 Landazuri-Tveteraas et al. (2021) indicate that large trout is a very
close substitute to salmon.
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in export value. There is strong decline in the export value of
whitefish, but this follow the common seasonal pattern that
largely corresponds to seasonality in the landings (Birkenbach
et al., 2020; Pettersen and Asche, 2020), and it is not stronger
than normal. Pelagic species show an even stronger seasonal
pattern than whitefish, and this may deviate somewhat from the
harvest pattern as most mackerel are stored frozen for a shorter
period while the herring is often stored for more than six
months (Sogn-Grundvåg et al., 2019). Export value in the
months after March 2020 is somewhat stronger than normal
and may be a sign that inventories were emptied in response to
future uncertainty.

Figure 2 shows the monthly export quantities. These are
relatively similar to the patterns for the export values in Figure 1,
and there are no obvious differences in quantity response across
the sectors following the lockdowns. The prices in Figure 3 also
have no clear unexpected movements in the period just after the
lockdowns. It is possible that aquaculture has a somewhat wider
seasonal decline in the fall of 2020, but the seasonal pattern
follows the seasonal cost pattern due to the biological growth
cycle (Asche et al., 2017). The slight increase in the pelagic price
suggests that the somewhat higher exports after the lockdown is
not forced sales in any way, but rather is due to strong demand.
Overall, without the vertical lines showing the lockdown period,
there is no indication in any of the figures of any shock or other
substantial abnormal events occurring in the seafood market at
the aggregate level.

3 Products

Next,welookat the25 largest seafoodproductsexported from
Norwayin theperiod2016–2021.Theseproductsmakeup91%of
total seafoodexports.Theseare showninTable1 togetherwith the
annual averages for the number of exporters and destination
markets, as well as annual average export value and quantity for
the period 2016–2020 and which of the main categories they
belong to. The products are ordered by total export value. Fresh
whole salmon is clearly the largest product, and other salmon
products are also among the largest products. This is of course not
surprising given the importance of the aquaculture category in
general and of salmon within that category.
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Table 1. Descriptive statistics. 25 largest export products. Annual averages for 2016–2020.

No.
exporters

No.
markets

Export value
(billion NOK)

Export volume
(metric tons)

Product group

Salmon, fresh farmed 93 92 52.6 883969 Aquaculture

Salmon, fresh fillet 68 72 8.01 84193 Aquaculture
Salmon, frozen fillet 69 71 4.52 43607 Aquaculture
Mackerel, frozen fillet (<600 g) 31 61 3.60 255122 Pelagic
Cod, frozen 57 37 3.24 108965 White
Cod, dried salted 56 41 2.52 35054 White
Trout, fresh whole 44 53 2.05 36844 Aquaculture
Cod, fresh whole 70 34 1.58 48652 White
Haddock, frozen 40 26 1.28 56933 White
Saithe, dried 31 33 1.15 37299 White
Cod, wet salted 48 17 1.07 20646 White
Salmon, frozen whole 59 59 1.04 17635 Aquaculture
Herring, butterflies 16 31 0.83 66751 Pelagic
Herring, NVG 22 50 0.80 115617 Pelagic
Cod, frozen blocks 24 25 0.68 16354 White
Greenland halibut, frozen 46 29 0.68 15253 White
Cod, frozen fillets 45 40 0.58 7531 White
Cod, dried 40 31 0.57 3121 White
Saithe, frozen 42 33 0.42 34388 White
Trout, frozen whole 29 34 0.40 7440 Aquaculture
Cod, fresh fillet 39 21 0.37 4384 White
Herring, skinless fillet 11 21 0.35 22679 White
Trout, fresh fillet 25 30 0.32 3299 Aquaculture
Haddock, fresh 54 18 0.31 2097 White
Salmon, smoked 67 73 0.30 16975 Aquaculture

Table 2. Descriptive statistics. 25 largest export markets. Annual averages for 2016–2020.

No.
exporters

No.
products

Average export value
(billion NOK)

Average export volume
(metric tons)

Poland 82 20 10.02 212210

France 69 23 7.14 117156
Denmark 123 24 6.94 141603
USA 77 22 5.33 65363
UK 82 23 5.32 107113
Netherlands 90 24 5.07 125609
Spain 76 22 4.44 74541
Italy 74 15 3.81 56082
China 69 18 3.71 143998
Japan 47 17 3.60 88544
Portugal 58 15 3.54 59396
Germany 83 22 3.32 74998
Sweden 73 22 3.14 42747
Lithuania 57 17 2.96 92753
Korea 40 14 2.23 53619
Finland 30 11 1.59 28192
Israel 31 15 1.20 18129
Vietnam 37 14 1.18 30322
Thailand 48 15 1.17 24404
Ukraine 38 15 1.04 39645
Belarus 20 10 0.96 32242
Hong Kong 39 15 0.91 13539
Taiwan 34 12 0.86 18174
Belgium 36 18 0.79 10154
Brazil 15 5 0.69 14651
Other 164 25 8.32 260000
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Fig. 4. Average market shares by destination country, 2016–2020.
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Table 2 shows the annual average number of exporters and
exportedproducts, aswell as the annual averageexport value and
volume to the 25 largest destination markets (countries) ranked
by value over the period 2016–2020. Figure 4 reports themarket
shares for the largest destinationmarkets over the period. In total
Norwegian seafood are exported to 180 different markets during
the five-year period. Approximately 90 percent of the export
valuegoes to the25 largest exportmarkets.Of the 25markets, 15
are inEurope (and12of theseare in theEUwithBelarus,Ukraine
and the UK as the exceptions).

In Figures A1–A3 we show the export values, quantities
and prices for all 25 products, where it is worthwhile to note
the wide range of unit prices (Fig. A3) so that both high- and
low-valued products are represented. The high number of
products makes the figures difficult to read. However, it is very
hard to detect any impact of the lockdown for any product, and
the variation in 2020 is well within the variation observed in
the years since 2016 for all products. The largest impacts
appear for fresh whole cod and haddock, which prices we show
in Figure 5. The prices for both these products were very high
at the end of 2019 and had declined significantly in January and
February 2020, i.e. before any COVID-19 measures had been
implemented. However, the prices continue a strong down-
ward trend which may be influenced by supply chain
challenges. As these two products are fresh, there is limited
opportunity to avoid poor market conditions by storing them.
However, the prices rapidly recover indicating that this was not
a reduction in demand that could not be addressed relatively
quickly. It is difficult to assess to what extent this is abnormal,
as the prices decline at this time of the year because this is
when the landings are at their highest as discussed for
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groundfish in general above. Export quantity is declining
rapidly when the prices recover, but this is also the case in
earlier years. Hence, while it may be that the COVID-19
measures strengthened the common seasonal cycle, the impact
was not very strong beyond the normal pattern.

Norway is the second largest supplier of frozen cod and the
largest supplier of frozen haddock to China’s re-exporting
industry (Asche et al., 2022). These products that are intended
for re-exports are among the most price-sensitive supply
chains (Anderson et al., 2018). They are first transported
around the world to be processed and then generally shipped
long distances to Europe or North America before consump-
tion (Yang et al., 2020), suggesting highly complex logistics
and supply chains. However, even for these products there are
virtually no impacts due to COVID-19, suggesting highly
resilient supply chains.
4 Firms and export markets

While trade flows and prices are useful for an overall
assessment of market impacts, the trade flows are the results of
the actions of a number of firms in relation to different markets.
Hence, even if the effects of the COVID-19 measures are not
dramatic in aggregate, there may be important changes in trade
patterns. In this section we will look at the number of export
markets (countries) served and the number of export firms
serving them. We provide two measures for each product; a
Herfindahl index for the number of exporters and one for the
number of markets. The Herfindahl index (HHI) is a
quantitative metric which can measure concentration in a
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Table 3. Herfindahl index for firms and export markets by product 2016–2020.

HHI Firms HHI Export markets

2016 2017 2018 2019 2020 2016 2017 2018 2019 2020

Salmon, fresh farmed 0.08 0.08 0.09 0.09 0.09 0.07 0.06 0.07 0.07 0.08

Salmon, fresh fillet 0.20 0.18 0.16 0.16 0.17 0.13 0.14 0.13 0.13 0.12
Salmon, frozen fillet 0.09 0.10 0.11 0.09 0.07 0.13 0.15 0.15 0.15 0.17
Mackerel, frozen fillet (<600g) 0.21 0.20 0.21 0.19 0.22 0.12 0.11 0.13 0.13 0.10
Cod, frozen 0.08 0.08 0.11 0.10 0.10 0.18 0.20 0.20 0.20 0.17
Cod, dried salted 0.11 0.11 0.11 0.11 0.14 0.47 0.40 0.40 0.54 0.60
Trout, fresh whole 0.26 0.23 0.23 0.20 0.17 0.10 0.10 0.12 0.13 0.10
Cod, fresh whole 0.07 0.08 0.07 0.08 0.08 0.35 0.34 0.34 0.40 0.44
Haddock, frozen 0.06 0.07 0.08 0.08 0.07 0.25 0.28 0.29 0.31 0.29
Saithe, dried 0.12 0.11 0.11 0.11 0.14 0.47 0.40 0.41 0.54 0.60
Cod, wet salted 0.05 0.06 0.06 0.05 0.06 0.63 0.60 0.66 0.65 0.64
Salmon, frozen whole 0.08 0.08 0.08 0.07 0.08 0.06 0.08 0.09 0.08 0.11
Herring, butterflies 0.24 0.27 0.36 0.31 0.33 0.23 0.20 0.18 0.16 0.19
Herring, NVG 0.33 0.22 0.20 0.25 0.30 0.20 0.15 0.13 0.12 0.19
Cod, frozen blocks 0.25 0.34 0.33 0.37 0.37 0.36 0.42 0.40 0.36 0.38
Greenland halibut, frozen 0.09 0.10 0.09 0.09 0.09 0.17 0.16 0.32 0.52 0.48
Cod, frozen fillets 0.43 0.32 0.26 0.21 0.20 0.19 0.19 0.21 0.17 0.17
Cod, dried 0.06 0.06 0.06 0.07 0.07 0.59 0.58 0.56 0.61 0.62
Saithe, frozen 0.07 0.07 0.06 0.06 0.07 0.27 0.25 0.22 0.21 0.22
Trout, frozen whole 0.20 0.29 0.14 0.20 0.21 0.14 0.23 0.11 0.15 0.10
Cod, fresh fillet 0.43 0.46 0.45 0.42 0.38 0.63 0.60 0.58 0.58 0.60
Herring, skinless fillet [v] 0.44 0.40 0.36 0.78 0.76 0.40 0.31 0.36 0.21 0.40
Trout, fresh fillet 0.23 0.33 0.35 0.43 0.30 0.23 0.29 0.35 0.34 0.24
Haddock, fresh 0.08 0.10 0.08 0.10 0.10 0.36 0.37 0.36 0.42 0.41
Salmon, smoked 0.16 0.17 0.22 0.19 0.15 0.12 0.12 0.14 0.14 0.11
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market. The Herfindahl index is computed as the sum of
squared market shares Si, i.e., HHI =

X
i
S2i . The index takes

values between 0 and 1, where it is close to zero if there is little
concentration and close to one when there is a high degree of
concentration. Hence, if the COVID-19 measures or supply
chain challenges lead to a focus on fewer markets, one would
expect the associated Herfindahl index to increase. Similarly, if
the exports primarily are maintained by a few firms, one would
expect the associated Herfindahl index to increase. Table 3
provides the two indexes.

In general, we see that the concentration is lower for
aquaculture products than for whitefish and pelagic species,
both when it comes to the number of exporters and the number
of markets they serve. The concentration measure for the
number of export firms is about the same for fresh farmed
salmon and fresh whole cod. However, the HHI with respect to
number of markets served differs significantly where the HHI
for fresh cod is more than three times as large as for salmon
indicating that exports of fresh cod are concentrated in fewer
markets. We also find high concentration in the export markets
for other products of cod, such as dried- and wet salted, and this
is consistent with what was suggested by Straume et al.
(2020a), although they do not actually compute HHIs. Dried
salted cod saithe and dried cod are the product forms where the
HHIs changes the most from 2016 to 2020, but the shifts are
not large and in terms of number of markets it is a continuation
of a change that started in 2019. However, it is possible that
COVID-19 has led to fewer markets being served for these
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products. Two pelagic products that stand out when it comes to
the HHI for firms are herring butterflies and skinless fillets of
herring. This is not surprising as we can see from Table 1 that
this product is sold by relatively few firms.

Most of the HHIs are very stable over the five years, and
the exceptions are not between 2019 and 2020. Hence, while
we cannot rule out shifts between firms and markets, these
are not dramatic. The COVID-19 measures do not appear to
have fundamentally changed the structure of the exports or the
markets being served for any products.

5 Discussion and concluding remarks

The COVID-19 pandemic and the different measures
implemented to slow the spread of the virus have been
perceived as a major challenge for industries and trade in
general (Hayakawa and Mukunoki, 2021; Espitia et al., 2022)
as well as for seafood (Bassett et al., 2021; White et al., 2021;
Love et al., 2021). The data presented in this article indicates
that this is a challenge that can be overcome. Norwegian
seafood exports have not been impacted by the COVID-19
measures to any measurable extent. Seasonal patterns in export
quantity, which to a large extent is determined by seasonality in
harvest, have not changed very much for the major products,
and neither has price. Moreover, the number of exporters and
their market shares have not changed significantly, and the
export markets being served and the quantities they receive are
also relatively unchanged.
f 11
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This does not suggest that there has not been impacts, as the
literature clearly shows some particularly downstreamswith the
shortfall in restaurant demand (Love et al., 2021). However, in
aggregateNorwegianexporters havebeenable tofindalternative
markets to theextent therehasbeendisruptions, and supplychain
challenges have not been serious enough to prevent such efforts.
Moreover, there are no price spikes to suggest that Norwegian
exporters have benefitted by having market access while
competitors have struggled. This is interesting in that there are
several examples of crises for someproducerswhere others have
benefitted such as the Chilean disease crisis for salmon (Asche
et al., 2017; Salazar and Dresdner, 2021).

Given that Norway is the world’s second largest seafood
exporter serving more than 100 countries, the results are
important as they suggest that many seafoodmarkets and supply
chains have worked quite well for many producers at least at
upstream levels in the chain. Tveteras et al. (2012) estimated that
78% of global seafood production is exposed to international
trade competition, and formost seafood products there are global
markets (Andersonet al., 2018).When the second largest seafood
exporting country appears to have largely overcome challenges
associatedwithCOVID-19, there are anumberof seafood sectors
around the world that have had a similar experience. Certainly,
there has been challenges such as the significant demand
reduction from the restaurant sector inmany countries.However,
Love et al. (2021) noted that increased demand from the retail
sector has largely made up for that at least in the U.S. As an
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example, this is important as it clearly show that thepandemichas
also created opportunities. The limited effects on prices suggest
that other challenges in specificmarket segments to a large extent
have been addressed in a similar fashion.

While there have certainly been challenges caused by the
COVID-19 pandemic, our results give hope for the future due
to the opportunities that have also been created. This suggests
that more specific studies into sectors where there was an
impact would benefit by a balanced approach that also consider
the opportunities that were created. The seafood sector may
benefit from some of these in the long run. It is well
documented that challenges associated with at-home seafood
preparation has limited seafood demand (Torrissen and
Onozaka, 2017). If the increased retail demand for seafood
is indicative of more consumers comfortable with at-home
seafood preparation, this may lead to an increased demand for
seafood in the long run. The limited effect on many seafood
prices also suggest that the global market works quite well.
While Gephart et al. (2016) certainly is correct in that
international trade may spread some types of shocks, this
shows that it can also mitigate other types of shocks and as
such, that the seafood markets and the supply chains that are
serving them is quite resilient.
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Appendix: A
Fig. A1. Export value. All products.

Fig. A2. Volume, tons. All products.
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Fig. A3. Unit value. All products.
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