
Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=uaqm20

Aquaculture Economics & Management

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/uaqm20

How Norwegian aquaculture firms across the
value chain were affected by and responded to
COVID-19

Jarle Aarstad, Stig-Erik Jakobsen, Arnt Fløysand & Olav Andreas Kvitastein

To cite this article: Jarle Aarstad, Stig-Erik Jakobsen, Arnt Fløysand & Olav Andreas
Kvitastein (01 Sep 2023): How Norwegian aquaculture firms across the value chain were
affected by and responded to COVID-19, Aquaculture Economics & Management, DOI:
10.1080/13657305.2023.2251920

To link to this article:  https://doi.org/10.1080/13657305.2023.2251920

© 2023 The Author(s). Published with
license by Taylor & Francis Group, LLC

Published online: 01 Sep 2023.

Submit your article to this journal 

Article views: 221

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=uaqm20
https://www.tandfonline.com/loi/uaqm20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/13657305.2023.2251920
https://doi.org/10.1080/13657305.2023.2251920
https://www.tandfonline.com/action/authorSubmission?journalCode=uaqm20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=uaqm20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/13657305.2023.2251920
https://www.tandfonline.com/doi/mlt/10.1080/13657305.2023.2251920
http://crossmark.crossref.org/dialog/?doi=10.1080/13657305.2023.2251920&domain=pdf&date_stamp=01 Sep 2023
http://crossmark.crossref.org/dialog/?doi=10.1080/13657305.2023.2251920&domain=pdf&date_stamp=01 Sep 2023


REPORT

How Norwegian aquaculture firms across the value
chain were affected by and responded to COVID-19

Jarle Aarstad, Stig-Erik Jakobsen, Arnt Fløysand, and Olav Andreas Kvitastein

The Mohn Centre for Innovation and Regional Development, Western Norway University of
Applied Sciences, Bergen, Norway

ABSTRACT
Previous research has shown that Norwegian aquaculture did
not report being much affected by COVID-19 but had a strong
response to the pandemic regarding cost reductions, market
development, and business network development. In this
study, we take a step further and investigate if COVID-19
affectedness and responsiveness were consistent across the
aquaculture industry’s value chain. Also, we investigate if
aquaculture industry involvement explains how firms were
affected by and responded to the pandemic. Reexamining sur-
vey data from Norway shows that the firms, independent of
value chain position or industry involvement, were not hit par-
ticularly hard by COVID-19 compared to firms in the manufac-
turing industry as a reference group. In addition, we show
that the response to the pandemic in terms of cost reduc-
tions, market development, and business network develop-
ment was strong across the value chain – chiefly among firms
involved in producing or selling sea products and providing
equipment and consulting services – compared to firms in the
manufacturing industry. Finally, the response to the pandemic
was consistently strong, independent of industry involvement.
We conclude that aquaculture firms, across the value chain
and independent of industry involvement, had a strong posi-
tive response to COVID-19, albeit not much affected.

KEYWORDS
Aquaculture; affectedness;
COVID-19; responsiveness

Introduction

COVID-19 had a negative effect on numerous firms across industries (e.g.,
Gu et al., 2020; Shen et al., 2020), but for many, it also induced them to
respond to the pandemic by strengthening their emphasis on product and
market development along with an increased focus on digitalization and
internal communication structures (Guo et al., 2020; Abuhussein et al.,
2023; Martinez et al., 2021). In the European Union aquaculture industry,
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Nielsen et al. (2023) showed that while the pandemic created challenges for
some actors, it induced opportunities for others. A study from the Mekong
Region found that the pandemic reduced the mobility of aquaculture farm-
ers, disrupted their logistics, and reduced demand, but also showed that
small farms were relatively limited affected (Lebel et al., 2021). Large farms,
in contrast, were relatively likely to seek new markets and access credit
during the crisis (ibid.). Anderson et al. (2023) showed that U.S. seafood
imports increased in 2020 and 2021 with no large price movements, which
the authors attributed to largely intact international value chains during the
pandemic. Similarly, Schmitz and Nguyen (2022) discovered that, after an
initial decline in shrimp production and consumption early in the pan-
demic, the volumes later increased to higher levels than before 2020.
Studies from Norway found that the pandemic did not significantly affect
salmon exports (Asche et al., 2022b; Straume et al., 2022) but altered trade
patterns, inducing stronger responses in larger firms than in smaller ones
(Straume et al., 2022).
Adding to this literature, Aarstad et al. (2022) recently showed that firms

in the aquaculture industry had a strong response to COVID-19 in terms
of cost reductions, market development, and business network develop-
ment, although they were not particularly affected by the pandemic. In
other words, they showed that aquaculture firms’ strong response to
COVID-19 was not triggered by being strongly affected. However, a limita-
tion of their study is that it does not consider the aquaculture industry’s
value chain, which consists of actors involved in (1) production and sales
of salmon and trout, (2) production and sales of other sea farming species,
(3) supply of technological solutions including equipment and consulting
services, and (4) supply of other products and services including feed pro-
duction, fish health products, and transport services.
Thus, we do not know how aquaculture firms involved in these activities

across the value chain consistently were affected by and responded to
COVID-19. Nonetheless, we assume that resources and learning may have
spilled over to different actors across the value chain, which may indicate a
consistent pattern concerning firms’ affectedness by and responsiveness to
COVID-19. The study’s major contribution is to shed light on this issue.
Moreover, we aim to study if firms with limited exposure to aquaculture

have been affected by and responded to COVID-19 in a similar or deviat-
ing manner compared to those with strong exposure to the industry. Our
primary motive for this second research topic is to illuminate if a proactive
response to the pandemic among those firms strongly involved in the
industry is also spilled over to those with less involvement. Hence, we
assume that the response to the pandemic has been strongest among those
with the strongest involvement in the industry due to strong pre-COVID
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performance, but we do not rule out that this effect has also spilled over to
those less involved in the industry.
The studies to which we have referred, showing that perhaps the

Norwegian aquaculture industry, in particular, has coped well with
COVID-19, may contrast with others reporting that it experienced supply
chain challenges (Lebel et al., 2021; Ahmed & Azra, 2022; Alam et al.,
2022; Yuan et al., 2022; Jaikumar et al., 2023), and production and sales
problems (Islam et al., 2021; Gosh et al., 2022; Huber & Lasner, 2022;
Alam et al., 2023; Khan et al., 2023). A possible explanation for the discrep-
ancy is that Norway is a globally leading salmon producer country
(Garlock et al., 2020; Asche et al., 2022a; Naylor et al., 2023), with many
exporters and large exports to more than 100 countries (Oglend &
Straume, 2019; Straume et al., 2020; Oglend et al., 2022). Also, the industry
in Norway is regarded as a leading actor in innovation, technology devel-
opment, and logistics (Bergesen & Tveterås, 2019; Cojocaru et al., 2021;
Afewerki et al., 2023). These capabilities likely capacitate robustness to
external shocks, we argue. The Norwegian aquaculture industry further-
more had solid pre-pandemic revenues and growth (https://www.fiskeridir.
no/English/Aquaculture/Statistics), and finally, it has strong historical roots
with a strong brand in numerous markets. Hence, these resources may
have enabled the industry to cope relatively well with the pandemic.
To study our research questions, we reanalyze survey data gathered by

telephone interviews. Our primary interest is to study firms operating in
and affiliated with the Norwegian aquaculture industry, and we use firms
operating in the manufacturing industry as a reference group. Below, we
address further details about the data, methods, and analyses.

Materials and methods

The data includes a survey of firms operating in the Norwegian aquaculture
industry. Among the suppliers, we only included firms with 20 percent or
more of their sales to the aquaculture industry. The aquaculture sector
operates across and beyond formal industries as identified by Standard
Industrial Classification (SIC) codes. Therefore, identifying relevant candi-
date firms for the survey was done in collaboration with a private research
institute having close connections and strong knowledge of that particular
industry. The number of aquaculture firms that responded to the survey,
collected via telephone interviews by Ipsos, a professional market research
and consulting firm, was 201. It represents a response rate of 15 percent.
In another survey, we included 200 firms operating in the manufacturing

industry. The survey’s response rate is 25 percent, and the data were col-
lected via telephone interviews by the same consulting firm. Here, we used
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the Brønnøysund Register Center, “a government body under the
[Norwegian] Ministry of Trade, Industry and Fisheries” (brreg.no/en/about-
us-2/our-mission/), to identify manufacturing firms labeled by SIC codes
10–32 (for further details, see ssb.no/en/klass/klassifikasjoner/6).
Both surveys, gathered in early 2021, were used by Aarstad et al. (2022).

Consistent with their study, we appended the surveys to include the firms
operating in the manufacturing industry as a reference group to those oper-
ating in the aquaculture industry. We are not sure why the response rate
was lower for the aquaculture industry than for the manufacturing indus-
try, but a plausible explanation is that several aquaculture firms do not for-
mally have employees, which likely puts much pressure on a limited
number of people running the business.
To measure affectedness as a dependent variable, the surveys asked: “to

what extent [is] COVID-19 … affecting your enterprise today con-
cerning…” issues that we report in the upper part of Table 1. To measure
COVID-19 responsiveness as another dependent variable, the lower part of
Table 1 reflects issues from the surveys tapping into that topic. Each issue
was measured on a five-point Likert scale varying between “to a very little
extent” (1) and “to a very large extent” (5). We took the average of those
reflecting affectedness and responsiveness, respectively, to measure each
concept. Aarstad et al. (2022, p. 2) report further details, including factor
analysis and reliability coefficients (for details concerning factor analysis
and reliability, please see Afifi et al., 2020). Taken together, COVID-19
affectedness reflects the extent to which firms reduced profitability, liquid-
ity, and whether they experienced more demanding sales or production
processes. COVID-19 responsiveness reflects how firms developed new
business networks, new distribution channels and markets, maintained
existing business networks, and carried out cost reductions.
In the survey of the aquaculture firms, the respondents were asked to

indicate activities the firm had been involved in the last year. The activities
they could choose between are listed in Table 2 (our translation from
Norwegian), and the respondents were allowed to indicate more than one
positive response in the survey i.e., each firm could be involved in more
than one activity. Next, we applied the social network program Ucinet
6.756 (Borgatti et al., 2002) to identify structurally equivalent blocks of
overlapping activities using the CONCOR (convergence of iterated

Table 1. COVID-19 affectedness and responsiveness.
COVID-19 affectedness Reduced profitabilityReduced liquidityMore

demanding sales processesMore demanding
production processes

COVID-19 responsiveness Development of new networksDevelopment of new
distribution channels and marketsMaintenance of
existing networksCost reductions
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correlations) technique by Breiger et al. (1975). The four blocks we identi-
fied and grouped the firms into, reported in Table 2, explain 79.2 percent
compared to the ten individual activities at the outset (i.e., we lose only a
little more than 20 percent of information by reducing the number from
ten individual activities to four grouped blocks of activities). The algorithm
identifying the blocks informs about activities that firms most commonly
combine. E.g., a firm involved in one particular activity in Block 1 is also
relatively likely to be involved in one or more of the three other activities
in the same block but relatively unlikely to be involved in activities in
Blocks 2, 3, or 4. Taken together, the activities grouped into the four blocks
indicate how aquaculture firms operate in different parts of the value chain.
Broadly, they represent actors involved in the production and sales of sal-
mon and trout (Block 1), production and sales of other sea farming species
(Block 2), supply of technological solutions including equipment and con-
sulting services (Block 3), and supply of other products and services includ-
ing feed production, fish health products and transport services (Block 4).
Also, firms indicating activities reported in Block 3 and 4 could further

indicate the amount of turnover from the sea farming activities, which we
grouped into less than or equal to 50 percent or more than 50 percent.
We control for international engagements (if the firm the last year had

exports or production or ownership abroad) modeled as a dummy variable;
responding yes was coded one, and zero otherwise. We acknowledge that the
way of modeling the concept is debatable, but having said that, it is a control
variable, and omitting it in unreported models does not alter any substantial
statistical conclusion except that the Aquaculture dummy becomes borderline
significant instead of non-significant in Model 1, Table 4 (we report on the
model shortly). In addition, we control for majority ownership regionally,
nationally beyond the region, or internationally. Omitting this control variable
in unreported models does not alter any statistical conclusion.
Aarstad et al. (2022), analyzing the same data, also controlled for firm

size in employees (varying between 0 and 629) and innovation perform-
ance, but as these variables showed non-significant effects in all their mod-
els, we omitted them from this study. In addition, we omit the variables
environmental and social sustainability as they are not of particular interest

Table 2. Results of block modeling.
Block 1 Production of salmon or trout.Production of eggs or smolt.Slaughter

or processing of salmon/trout.Sales of salmon/trout.
Block 2 Production of other sea farming species than salmon or trout.
Block 3 Production and sales of equipment for the sea farming

industryConsulting and/or research services aimed at the sea
farming industry.

Block 4 Production of feed.Production and sales of fish health products or
services (including production of cleaning fish).Transport services
for the sea farming industry (well boats, etc.).
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here. The following analyses use ordinary least square regressions with
robust standard errors.

Results

Table 3 reports descriptive statistics, and Table 4, reporting ordinary least
square (OLS) regressions with robust standard errors, shows that firms in
the aquaculture industry have not been affected significantly more by

Table 4. Analyzing what impacts COVID-19 affectedness.
Model 1 Model 2 Model 3

Major ownership outside the regiona �.007 �.008 �.131
(.191) (.190) (.218)

Major ownership internationallya .256 .248 .204
(.185) (.183) (.203)

International engagements .262� [.116] .278� [.123] .220† [.100]
(.115) (.116) (.128)

Aquacultureb .171
(.112)

Block 1b .187
(.171)

Block 2b .315
(.257)

Block 3b .080
(.141)

Block 4b .229
(.202)

Less than or equal to 50 percentb �.064
(.204)

More than 50 percentb .176
(.139)

R2/Adj. R2 .028/.018 .030/.013 .023/.001
F-value 3.12� 1.94† 1.57 n.s.
Max./avg. VIFs 1.07/1.04 1.17/1.08 1.10/1.07
Number of observations 401 401 318

Two-tailed tests of significance for regression coefficients and robust standard errors are in parentheses. Beta values for
significant regressors are in brackets. †p < .10; �p < .05; ��p < .01; ���p < .001. Intercepts omitted.

aDefault is major ownership locally or regionally.
bDefault is the manufacturing industry.

Table 3. Descriptive statistics.
Min. Max. Mean Std. dev. Numb. obs.

COVID-19 affectedness 1 5 2.65 1.12 401
COVID-19 responsiveness 1 5 2.50 .842
Major ownership outside the regiona 0 1 .095 .293
Major ownership internationallya 0 1 .075 .263
International engagements 0 1 .429 .496
Aquacultureb 0 1 .501 .501
Block 1b 0 1 .142 .350
Block 2b 0 1 .062 .242
Block 3b 0 1 .200 .400
Block 4b 0 1 .097 .297
Less than or equal to 50 percentb 0 1 .629 .484 318
More than 50 percentb 0 1 .079 .270
aDefault is major ownership locally or regionally.
bDefault is the manufacturing industry.
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COVID-19 than firms in the manufacturing industry as a reference group
(Model 1). In addition, we observe a consistent pattern across the value
chain, i.e., aquaculture firms grouped in neither of the four blocks report
having been affected significantly more than firms in the manufacturing
industry (Model 2). Finally, we observe that industry involvement does not
explain how much aquaculture firms have been affected by COVID-19
compared to firms in the manufacturing industry (Model 3).
Firms with international engagements have tended to be more affected

by COVID-19 than those without. The reason is possibly increased diffi-
culties in international logistics compared to national logistics. Variance
inflation factors (VIFs) showing values close to one indicate that multi-
collinearity is not a problem in the analyses.
Table 5, also reporting OLS regressions, shows that firms in the aquacul-

ture industry have had a significantly stronger response to COVID-19 than
firms in the manufacturing industry as a reference group (Model 1). In
addition, we observe a consistently strong response across the value chain
(Model 2). I.e., firms grouped in all blocks, particularly Blocks 1–3 involv-
ing those in production or sales of sea products and providing equipment
and consulting services, have had a stronger response to COVID-19 than
firms in the manufacturing industry as a reference group. Finally, we

Table 5. Analyzing what impacts COVID-19 responsiveness.
Model 1 Model 2 Model 3

Major ownership outside the regiona �.009 �.015 .065
(.121) (.124) (.134)

Major ownership internationallya .126 .133 .082
(.179) (.179) (.202)

International engagements .228�� [.134] .237�� [.139] .206� [.097]
(.083) (.084)

Aquacultureb .465��� [.276]
(.080)

Block 1b .531��� [.220]
(.106)

Block 2b .643��� [.185]
(.174)

Block 3b .440��� [.209]
(.098)

Block 4b .301� [.106]
(.123)

Less than or equal to 50 percentb .462�� [.146]
(.143)

More than 50 percentb .393��� [.210]
(.094)

R2/Adj. R2 .107/.098 .115/.099 .083/.068
F-value 12.2��� 7.68��� 6.85���
Max./avg. VIFs 1.07/1.04 1.17/1.08 1.10/1.07
Number of observations 401 401 318

Two-tailed tests of significance for regression coefficients and robust standard errors are in parentheses. Beta values for
significant regressors are in brackets. †p < .10; �p < .05; ��p < .01; ���p < .001. Intercepts omitted.

aDefault is major ownership locally or regionally.
bDefault is the manufacturing industry.
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observe a relatively strong response to COVID-19 independent of industry
involvement (Model 3).
Firms with international engagements have responded more strongly to

COVID-19 than those without, and the effect is significant across all three
models in Table 5. The strong response is probably because they were
relatively much affected by the pandemic (cf. Table 4). As the independent
variables are the same in Table 4 as in the previous table, the VIFs are the
same.

Discussion and conclusions

Examining Norwegian survey data, we show in this study that aquaculture
firms, independent of value chain position or industry involvement, were
not hit particularly hard by COVID-19 compared to firms operating in the
manufacturing industry as a reference group. On the other hand, we show
that the response to the pandemic was strong across the aquaculture value
chain, particularly among firms involved in the production and sales of sal-
mon and trout, the production and sales of other sea farming species, and
the supply of technological solutions, including equipment and consulting
services. Also, the response was consistently strong, independent of indus-
try involvement. We conclude that aquaculture firms, across the value
chain and independent of industry involvement, had a strong positive
response to COVID-19, albeit not much affected. A possible explanation of
why there are such consistent patterns may be that resources and learning
have spilled over to different parts of actors that are more or less involved
across the industry’s value chain.
The COVID-19 pandemic is now, hopefully, history, but its occurrence

illuminates the aquaculture industry’s strong resistance and proactive
response to the sudden and unexpected exogenous shock. Industry particu-
larities may explain why aquaculture firms across the value chain were not
hit particularly hard by the pandemic. E.g., its output is considered a non-
discretional product, and the industry could switch distribution from the
restaurant market to the existing private consumer market. However, the
industry’s ability to respond proactively across the value chain further indi-
cates an innate ability to leverage its position and seize opportunities in the
wake of what, for many industry actors in unison, was considered a nega-
tive effect on economic activity. A plausible explanation is that the indus-
try, at the outset, had abundant resources in terms of competence, size,
revenues, and growth to seize opportunities when the crisis hit. A second
explanation is the industry’s experience with previous and present chal-
lenges, e.g., escapes, sea lice, and price volatility. A third explanation can
be the Norwegian aquaculture industry’s strong historical roots in local and
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rural communities that are used to a challenging and shifting environment
(Fløysand & Jakobsen, 2017). A final explanation may be that aquaculture
industry investments are procyclical (Landazuri-Tveteraas et al., 2023).
Accordingly, a limitation of our study is that we did not address why firms
in the Norwegian aquaculture industry across the value chain had a strong
proactive response to the pandemic, and we suggest future research to
investigate this issue. Another limitation is that the response rate was lower
for the aquaculture industry than for the manufacturing industry, and
future research should address this issue and aim to gain as similar sample
structures as possible.
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