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A B S T R A C T   

A rapidly growing literature investigates how the recent Covid-19 pandemic has affected international seafood 
trade along multiple dimensions, creating opportunities as well as challenges. This suggests that many of the 
impacts of the Covid measures are subtle and require disaggregated data to allow the impacts in different supply 
chains to be teased out. In aggregate, Norwegian salmon exports have not been significantly impacted by Covid- 
related measures. Using firm-level data to all export destinations to examine the effects of lockdowns in different 
destination countries in 2020, we show that the Covid-related lockdown measures significantly impacted trade 
patterns for four product forms of salmon. The results also illustrate how the Covid measures create opportu-
nities, as increased stringency of the measures increased trade for two of the product forms. We also find sig-
nificant differences among firms’ responses, with large firms with larger trade networks reacting more strongly to 
the Covid measures. The limited overall impacts and the significant dynamics at the firm level clearly show the 
resiliency of the salmon supply chains.   

1. Introduction 

As the Covid-19 virus began spreading worldwide in early 2020, 
international trade was significantly impacted by the strict measures 
that countries implemented to contain the virus. Numbers from the 
World Trade Organization (WTO, 2022) indicate that global trade vol-
ume declined by 5% during 2020. The first string of literature on the 
trade implications of Covid-related measures suggests that lockdowns 
had a negative impact on global value chains (Lafrogne-Joussier et al., 
2022), forced firms to shut down and reduced the workforce across 
different economic sectors (Nicola et al., 2020), and decreased demand 
for and trade of several products (Bartik et al., 2020; Hayakawa and 
Mukunoki, 2021; Espitia et al., 2021). The early literature focusing 
specifically on seafood markets reports similar findings, largely based on 
qualitative data and indicators (e.g., Link et al., 2020; White et al., 2021; 
Bassett et al., 2021; Gordon, 2021; Lebel et al., 2021). However, the 

story is becoming more nuanced as updated data become available, 
indicating that Covid-related measures created opportunities for some 
and challenges for others. For instance, Love et al. (2021) finds increased 
retail sales for seafood in the United States during the pandemic, 
whereas restaurant sales were down. Yang et al. (2022) report that the 
lockdowns in China had limited impacts on seafood prices and Asche 
et al. (2022a) report limited impacts on Norwegian trawlers. 

Any firm will try to mitigate the impacts of market shocks by shifting 
supply among markets, supply chains, and product forms (Asche et al., 
2017), making it difficult to discern the true effects of the shocks from 
aggregate data alone. Consequently, learning about the more subtle 
impacts of Covid measures requires disaggregated data. In this paper we 
investigate the effects of Covid measures on Norwegian salmon exports, 
first using aggregate data, and then using firm-specific trade data and 
the Oxford Stringency Index (OXI) (Hale et al., 2021) to measure the 
restrictiveness of the Covid measures in various countries. This allows us 
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to parse out the impact of Covid measures on various trade margins, 
such as value, quantity, unit value, and number of shipments. This is 
important because the effects of the Covid measures need not show up in 
all margins. For instance, if exporters reduce the quantity supplied to a 
given market but compensate by shifting greater supply to other mar-
kets, there may not be any price effect. Alternatively, if demand shifts 
but the quantity supplied is unchanged, one would expect a strong price 
effect. Most salmon is exported fresh and thus in frequent, small ship-
ments (Asche et al., 2021a), making these supply chains particularly 
vulnerable to interruptions. As such, the number of shipments is a key 
indicator of impacts of the Covid measures on the supply chains. 

Norwegian salmon exports are of general interest as they can be 
regarded as a bellwether of the broader effects of Covid restrictions on 
the international seafood trade. Norway is the largest salmon producer 
worldwide (Iversen et al., 2020), salmon is the second largest aquacul-
ture species by value (Garlock et al., 2020a, 2020b), and salmon is 
among the most traded fish species with the most advanced logistics 
(Kumar and Engle, 2016; Asche and Smith, 2018; Cojocaru et al., 2021; 
Gephart et al., 2021). Norway exports >95% of its salmon production, 
with firms tending to focus on a few markets or regions (Gaasland et al., 
2020; Oglend et al., 2022) and a significant share is processed further 
after leaving Norway (Asche et al., 2018; Asche et al., 2022b). Overall, 
the impact of Covid measures on the Norwegian salmon industry has 
been moderate. Production increased from 2019 to 2020, which is un-
surprising given that the lead time when producing salmon is 14–18 
months (Asche et al., 2017), and the decision to produce the fish that 
were harvested in 2020 was made in 2019, when profitability was high 
(Dahl et al., 2021; Sikveland et al., 2022). While there was a slight 
decrease in the export value of salmon in 2020 compared to 2019 
(− 3%), the volume exported increased by 2% that same year. Between 
2020 and 2021, the quantity and value of salmon exports increased by 
13% and 16%, respectively. 

We estimate the effects of destination-specific lockdown measures 
for four major salmon product forms: fresh whole, frozen whole, fresh 
fillets, and frozen fillets. Differentiating by product form can be 
important as Covid measures may have impacted some supply chains 
positively, as exemplified by the increased retail sales of fish, while other 
supply chains, like restaurants, were affected negatively (Love et al., 
2021). As the significance of different product forms varies by supply 
chain (Love et al., 2020, 2022), one would expect the impacts of the 
Covid measures to also vary by product form. 

The paper is organized as follows. Section 2 provides an overview of 
the Norwegian salmon aquaculture industry. Section 3 describes the 
data for export and lockdowns, then Section 4 outlines the empirical 
strategy. In Section 5 we present findings for the overall data, while 
Section 6 investigates the role of the top exporters and markets before 
Section 7 concludes. 

2. The Norwegian aquaculture industry 

The Norwegian salmon aquaculture industry has grown rapidly in 
recent decades, from <10,000 metric tons (mt) in 1980 to 1.5 million mt 
in 2021 (Hersoug, 2021; Norwegian Directorate of Fisheries, 2022).1 

This is largely due to a number of innovations leading to significant 
productivity growth in the production process as well as in the supply 
chains (Asche, 2008; Asche et al., 2018; Bergesen and Tveterås, 2019; 
Rocha-Aponte, 2020; Iversen et al., 2020). The industry has been highly 
profitable over time (Misund and Nygård, 2018; Dahl et al., 2021; Sik-
veland et al., 2022) and likely would have grown even faster in the 
absence of tight regulations designed to address environmental concerns 
(Hersoug, 2021; Hersoug et al., 2021; Osmundsen et al., 2020, 2021; 

Pincinato et al., 2021a, 2021b; Føre et al., 2022). The salmon exports 
sector is highly diverse export firms vary significantly in terms of size 
and target markets (Oglend and Straume, 2020; Straume et al., 2020a). 
Large firms tend to export to more countries, giving them more 
geographic flexibility, while smaller firms tend to focus on fewer 
destination countries. However, all destination countries are served by a 
mix of both large- and small-scale salmon producers. 

Fig. 1 shows the growth in Norwegian salmon production in recent 
years. There is no clear indication that the Covid-19 pandemic exerted a 
negative effect on the overall production level, which in fact continues 
to increase. However, the pandemic may still have affected salmon 
prices, export value, or production at finer scales, such as the firm, 
product form, or export market level. 

Fig. 2 shows overall export values, volumes, and average unit values 
for salmon exports during the period from January 2016 to May of 2021. 
The red vertical line represents March 2020, the month when the Nor-
wegian government first implemented strict measure to try to contain 
the spread of the virus. This is also the month when many of the major 
destination markets such as the European Union and the United States 
started to implement severe lockdown measures. From a visual inspec-
tion of Fig. 2, one cannot claim that there are any strong effects on any of 
the three series beginning in March 2020. One could perhaps argue that 
the drop in unit values lasts a bit longer in the summer of 2020 than the 
normal seasonal variation, but this could also be explained by other 
factors, such as producers supplying the markets with a larger biomass 
than in previous years. 

Of the four products, fresh whole salmon is the most important when 
it comes to both value and volume, accounting for 79% of the export 
value and 86% of the volume. Fig. 3 shows the evolution of value, vol-
ume, and unit value for fresh salmon over the period.2 

Also, at the product level there are no obvious changes to the yearly 
patterns of the series as lockdown measures began to intensify around 
the globe. We conducted a CUSUM-test (Ploberger and Krämer, 1992) 
for structural breaks in any month from January 2016 until the end of 
the sample to complement the visual analysis for the aggregate series, as 
well as for the three series for each of the four product forms. In no case 
can we reject the null hypothesis of no structural break. Hence, at the 
aggregate level, the Covid measures do not appear to have had a strong 
impact on Norwegian salmon exports. 

3. Customs data and lockdowns 

This paper’s primary analysis employs highly disaggregated export 
data collected by the Norwegian customs authorities from the individual 
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Fig. 1. Norwegian salmon production 2016–2021. 
Source: Norwegian Directorate of Fisheries (2022). 

1 Norwegian salmon aquaculture consists of two species, Atlantic salmon and 
trout, with salmon currently making up about 95% of total production (Land-
azuri-Tveteras et al., 2021). 

2 Figures A1-A3 in the appendix provides similar series at the product level 
for the other three products of interest. 
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exporter’s customs declarations. For each shipment across the Norwe-
gian border, the data include information on the product name and its 
associated Harmonized System (HS) classification code, an anonymous 
identifier for the Norwegian exporting firm, the destination country, the 
free-on-board value of the shipment in Norwegian kroner (NOK), and 
the weight of the shipment in kilos. We restrict our analysis to 2020, as 
that is the year most countries first implemented lockdown measures. 
The 2020 data comprise a total of 305,222 shipments involving one of 
the four salmon products, spanning 131 exporters and 110 destination 
markets. On average, each exporter makes 15,933 shipments to 45 
different destination countries in 2020. 

Though Covid effects are not clearly evident in the aggregate series, 
this does not preclude impacts on individual exporters. We therefore 
investigate the potential effect of destination-specific lockdowns on 
trade margins at the firm level for exporters. As our measure for lock-
down severity in different destination markets, we employ the Oxford 

Stringency Index (OXI) constructed by the University of Oxford (Hale 
et al., 2021).3 The OXI was calculated based on nine different metrics4 

for 180 different countries and updated daily over the period of interest. 
Each of the nine metrics takes a value between 0 and 100, and the OXI is 
calculated as the mean across these scores. A higher OXI indicates 
stricter government responses, involving, for example, more widespread 
closures and event cancellations. In cases where there is regional 

Fig. 2. Aggregate Norwegian salmon exports, Jan 2016-May 2021. 
Source: Customs Norway; authors’ own calculations. 

Fig. 3. Norwegian salmon exports, fresh whole, Jan 2016-May 2021. 
(Source: Customs Norway; authors’ own calculations) 

3 The OXI is also used by Bricongne et al. (2021) to investigate the effect of 
lockdowns in foreign markets on overall French exports. They find that, as a 
destination country goes into full lockdown, the midpoint growth rate of ex-
ports for a firm is reduced by 0.7%. 

4 School closures; workplace closures; cancellation of public events; re-
strictions on public gatherings; closures of public transport; stay-at-home re-
quirements; public information campaigns; restrictions on internal movements; 
and international travel controls. 
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variation in policies within a given country, the OXI of the strictest re-
gion is used. Importantly, the OXI only measures the stringency of Covid 
measures and not their success in containing the spread of the virus. 
While the latter might be inferred from metrics like new case numbers 
and deaths attributed to Covid-19 by destination country,5 these mea-
sures are less relevant to trade than the composite OXI. Following 
(Bricongne et al., 2021), we divide the OXI by 100 to rescale it to the 
range [0,1]. Fig. 4 shows the average lockdown stringency in different 
destination markets for salmon in 2020. 

Fig. 4 includes countries which received at least one shipment of 
salmon from Norwegian firms in 2020. Among destination countries, 
Ethiopia (ETH) and Malawi (MWI) had the lowest average OXI value, 
with Venezuela (VEN), Panama (PAN), and the Bahamas (BHS) being 
the highest. None of these countries at the OXI extremes are important 
destination markets in Norwegian salmon exports. Ranked by total value 
over the four products, the ten largest destinations for salmon in 2020 
were Poland (POL), France (FRA), Denmark (DNK), the United States 

(USA), Spain (ESP), the Netherlands (NLD), the United Kingdom (GBR), 
Italy (ITA), Germany (DEU), and Sweden (SWE). Together, these ten 
destination markets make up approximately 72% of the total export 
value in Norwegian salmon products. While most are located around the 
average lockdown stringency, there is some variation. For example, 
while Italy had an average OXI of around 0.6 in 2020, Denmark and 
Poland were both around 0.45. 

Table 1 compares the monthly number of exporters, markets, and 
shipments as well as average value and quantity of salmon between 
2019 and 2020. Apart from the difference between May 2019 and May 
2020, no large differences are evident in the numbers of exporters be-
tween the two years. We see that, starting in March 2020, the numbers of 
destination markets are markedly lower than the corresponding months 
in 2019. The number of destination markets served returns to near-2019 
levels late in the fall of 2020. Looking at numbers of shipments, there is a 
noticeable drop in April and May 2020 compared to the same month the 
previous year. Though monthly shipment numbers pick up again after 
April 2020, they are still lower than their 2019 counterparts for the 
remainder of 2020. However, the average quantity and value per ship-
ment increase. 

Fig. 4. Average lockdown stringency by destination market, 2020. 
Source: Hale et al. (2021). The destinations are sorted alphabetically on the x-axis. 

Table 1 
Number of exporters, destination markets, shipments, and average value and volume per shipment, 2019 and 2020.   

2019   2020    

# 
Exporters 

# 
Markets 

# 
Shipments 

Avg. value (1000 
NOK) 

Avg. volume 
(mt) 

# 
Exporters 

# 
Markets 

# 
Shipments 

Avg. value (1000 
NOK) 

Avg. volume 
(mt) 

January 89 83 14,556 379 0.38 91 78 14,806 435 0.44 
February 86 83 13,596 364 0.36 87 80 13,450 420 0.42 
March 90 90 14,337 400 0.40 85 76 13,126 433 0.43 
April 85 86 14,384 417 0.42 83 68 11,792 432 0.43 
May 97 83 15,066 382 0.38 82 72 11,972 454 0.45 
June 90 84 13,833 390 0.39 88 74 12,078 462 0.46 
July 91 81 15,041 372 0.37 83 76 13,664 396 0.40 
August 92 86 16,270 361 0.36 81 75 13,202 388 0.39 
September 89 89 16,114 359 0.36 87 82 14,966 393 0.39 
October 86 90 17,287 376 0.38 88 81 16,042 387 0.39 
November 91 84 16,257 404 0.40 86 81 15,030 373 0.37 
December 86 84 14,827 450 0.45 84 81 16,041 363 0.36  

5 The correlation between the OXI and new cases of Covid-19 is 0.27, and 
0.14 for the number of deaths. 
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4. Margins of trade 

A major question in the literature on international trade and firm 
dynamics is how trade evolves along various margins (Alessandria et al., 
2021). The basic idea is that established exporters can grow either by 
adding markets, products, or customers to their trade portfolio, or by 
intensifying activity in relations that are already established by 
increasing shipment frequency, prices, or volumes. Similarly, reduction 
in trade can occur along the same dimensions. Knowing how these 
margins evolve over time is important for understanding trade patterns 
(e.g., aggregate export of salmon to different markets). Better access to 
microdata has made it possible for researchers to suggest different ap-
proaches as to how total sales at the firm level can be attributed to 
different margins of trade. Some relevant examples for trade in general 
are Bernard et al. (2007), Lawless (2010), Hornok and Koren (2015), 
Asche et al. (2021b), and Landazuri-Tveteraas et al. (2021a, 2021b). 
Specific to seafood, Straume et al. (2020b) investigates if trade margins 
for aquaculture products differ from trade margins in wild seafood 
products beyond just total export value. The results indicate that, rela-
tive to sales of wild fish, sales of aquaculture products are more 
responsive to transportation costs and income level in the destination 
country. Yang et al. (2021) provides a similarly motivated analysis of 
trade dynamics for shrimp, while Yang et al. (2020) provide a similar 
analysis for China. 

The empirical strategy in this paper builds on Mayer and Ottaviano 
(2007) and Asche et al. (2021b). First, we decompose total export value 
at the product level from a firm (i) to a destination (d) in a given month 
(t), EXi, d, t, into three distinct margins of trade as follows: 

EXi,d,t = Ni,d,t • pi,d,t • xi,d,t (1) 

Ni, d, t represents the total number of shipments from exporter i to 
destination d in a given month t of 2020, while pi,d,t and xi,d,t , are the 
corresponding average unit values and volumes, respectively, of the 
product type. To investigate the effect of destination-specific lockdown 
stringency on total export value for the four products, as well as on the 
three margins of trade, we estimate the following linear regression 
model on all four elements of Eq. 1 (1): 

Xi,d,t = β1 + β2lockdownd,t + δd + γi,t + ui,d,t (2) 

Xi,d,t represents the export value, or the three different margins of 
trade while lockdownd,t is the destination-specific stringency measure as 
captured by the OXI. To control for destination-specific characteristics, 
such as transportation costs and the economic size of the destination 
market (GDP), we include destination-specific fixed effects δd. We also 
control for unobservable shocks to the exporting firm by including a 
firm-month fixed effect, γi,t. Finally, ui,d,t is a stochastic error term. Note 
that since the decompositions of margins are an identity, the estimate of 
each coefficient from the regression of the margins sum up to the esti-
mate in total export value (Hornok and Koren, 2015). 

5. Trade margins and lockdown stringency 

The results from the margin regressions are presented in Table 2. 
Given that the dependent variable is in the range [0,1] and the inde-
pendent variables are in logs, the interpretation of coefficients is 
straightforward. For instance, the coefficient of − 0.206 on lockdown 
stringency in the export value regression for fresh whole salmon means 
that the average effect on the sales of an exporter of fresh salmon of a 
destination going into full lockdown would be a reduction in sales of 
20.6%. 

From Table 2 it is clear that lockdown stringency influences exports, 
as it is statistically significant in all equations. Interestingly, however, 
the sign and strength of the effect vary by product form. On average, the 
export value increases for fresh fillets and whole frozen salmon as the 
stringency of Covid restrictions in destination markets increases. For 
both products, the main driver of the positive relationship between 
lockdowns and export value is increased volumes. The effects on unit 
value are the opposite for the two products: firms selling fresh fillets 
were able to charge a price premium in the markets most hit by re-
strictions, suggesting growth in the demand for fresh fillets. Exporters of 
whole frozen salmon experienced reductions in both the number of 
shipments and unit value as lockdowns intensified. But the increase in 
average quantity more than offset these two negative effects to generate 
net growth in export value. 

For both fresh whole and frozen fillets of salmon, the overall effect on 
export value from increased lockdown stringency is found to be nega-
tive. For fresh whole salmon, the negative effect on export value is 
primarily driven by a reduction in shipping frequency, highlighting the 
importance of this margin for a highly perishable product. We also 
document a significant negative but numerically small effect on unit 
values. For the frozen fillets, the exporters have managed to gain a price 
premium in the markets with strict lockdowns, partly due to the 
reduction in average export volumes. The latter negative effect is three 
times as large as the positive effect from lockdowns on unit values. 

The fact that the price effects have different signs is notable, as a 
number of studies have reported that the salmon market is highly inte-
grated (Landazuri-Tveteraas et al., 2021a, 2021b; Salazar and Dresdner, 
2021). However, Landazuri-Tveteraas et al. (2018) show that the degree 
of price transmission varies significantly between product forms, and, as 
such, this result highlights the fact that the short-run dynamics vary by 
product form. 

Table 2 
Product-level trade margins and lockdown stringency, 2020.   

All exporters  

Export 
value 

# 
Shipments 

Average unit 
value 

Average 
volume 

Fresh whole 
Lockdown 
stringency 

− 0.206*** − 0.181*** − 0.009*** − 0.015  

(0.025) (0.021) (0.003) (0.013) 
Observations 60,951 60,951 60,951 60,951 

R2 0.863 0.820 0.904 0.907  

Fresh fillet 
Lockdown 

stringency 
0.274*** − 0.000 0.053*** 0.221***  

(0.029) (0.019) (0.004) (0.020) 
Observations 46,072 46,072 46,072 46,072 
R2 0.920 0.900 0.906 0.912  

Frozen whole 
Lockdown 

stringency 
0.051*** − 0.015* − 0.011** 0.077***  

(0.018) (0.009) (0.005) (0.014) 
Observations 26,814 26,814 26,814 26,814 
R2 0.925 0.877 0.833 0.922  

Frozen fillet 
Lockdown 

stringency 
− 0.080*** − 0.010 0.021*** − 0.090***  

(0.028) (0.010) (0.006) (0.024) 
Observations 43,436 43,436 43,436 43,436 
R2 0.935 0.966 0.913 0.881 

Robust standard errors in parentheses. 
All regressions include a constant, firm-month, and destination country fixed 
effects. 

*** p < 0.01. 
** p < 0.05. 
* p < 0.10. 
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6. Top exporters and markets 

The findings presented above are average effects across all exporters 
and markets, which may cause the impacts on the most economically 
significant subsets—the largest exporters and top destination market-
s—to be obscured. Thus, we separately analyze the effect of destination- 
specific lockdowns on the top 10% exporters of each aquaculture 
product, as well as for the export from the top 10% exporters to the top 
10 destination markets in 2020. In our data, the top 10% exporters 
together account for 83.5% of export value. At the product level, this 
corresponds to 74.5% for fresh whole salmon, 87.7% for fresh fillets, 
67.4% for frozen whole salmon, and 49% for frozen fillets. We follow the 
same empirical strategy outlined in Section 5. Table 3 reports the 
product-level results for the top 10% exporters, as well as the export 
from these firms to the top ten destination markets for salmon in 2020. 

Some clear differences from the aggregate analysis are immediately 
evident. Compared to the results presented in Table 2, the top exporters 
of fresh fillets and frozen whole salmon also manage to increase their 
export value as lockdowns escalate. However, here the increase is much 
stronger for frozen salmon and somewhat weaker for fresh fillets. The 
margins that drive the result for exporters of fresh fillets are increased 
prices and volumes, while they are larger average volumes and 
increased shipment frequency for frozen whole salmon. Compared to the 
findings reported in Table 2, the overall negative effect on export value 
for the top 10% exporters of fresh whole salmon is more than twice as 
large as in the overall data, suggesting that the large firms are better able 
to shift their exports to different markets. This may not be too surprising 
given that the larger firms tend to serve a higher number of markets 
(Straume et al., 2020a), giving them more flexibility. This is in line with 
the general literature which shows that more diverse units in terms of 
products, technology, networks, etc. are generally more resilient to 
shocks (Balland et al., 2022). 

While we reported a significant reduction in prices for fresh whole 
salmon in Table 3, we find that the top 10% of exporters manage to 

obtain higher prices to the top ten markets. This suggests the importance 
of deeper relationships and possibly more fixed prices in longer-term 
contracts (Larsen and Asche, 2011). It is also of interest to note that 
the increased export value of fresh fillets does not occur in the largest 
markets. 

7. Concluding remarks 

Love et al. (2021) show how impacts of Covid measures in the United 
States are mixed, as demand increased in supply chains serving the retail 
sector where sales increased by about 30% and was reduced in supply 
chains serving the restaurant sector. This suggests that many of the 
impacts of the Covid measures can be subtle, and that there are oppor-
tunities as well as challenges. To better understand the impacts, dis-
aggregated data that allow the researcher to distinguish among different 
supply chains and firm types are necessary. 

This paper investigates the impact of Covid measures on Norwegian 
salmon exports. Salmon is among the most traded seafood species 
(Anderson et al., 2018), and Norway is the largest producer and is highly 
export-oriented, with >95% of its production being exported (Oglend 
et al., 2022). Our dataset registered exports of salmon to 110 countries 
in 2020. In aggregate, we find no statistically significant impacts of the 
Covid measures on the exports of the four main product forms. This is 
not too surprising with respect to the exported quantity, as the long 
production time means that the fish harvested in 2020 were already in 
the pens. That there is no significant price and revenue effect, suggest 
that, overall, there have not been any significant supply chain 

Table 3 
Product-level trade margins and lockdown stringency, 2020, top 10% exporters and top 10 markets.   

Top 10% exporters Top 10 markets  

Export value # Shipments Average unit value Average volume Export value # Shipments Average unit value Average volume  

Fresh whole Fresh whole 
Lockdown stringency − 0.768*** − 0.766*** − 0.014*** 0.012 − 0.228*** − 0.226*** 0.004* − 0.006  

(0.031) (0.027) (0.003) (0.012) (0.022) (0.021) (0.002) (0.009) 
Observations 57,921 57,921 57,921 57,921 23,790 23,790 23,790 23,790 
R2 0.831 0.790 0.877 0.854 0.875 0.838 0.968 0.952   

Fresh fillet Fresh fillet 
Lockdown stringency 0.160*** − 0.050** 0.057*** 0.153*** − 0.001 − 0.012 0.020*** − 0.009  

(0.035) (0.021) (0.005) (0.023) (0.047) (0.036) (0.006) (0.017) 
Observations 40,363 40,363 40,363 40,363 23,790 23,790 23,790 23,790 
R2 0.918 0.915 0.888 0.873 0.847 0.821 0.945 0.850   

Frozen whole Frozen whole 
Lockdown stringency 0.317*** 0.088** − 0.051** 0.280*** − 0.047** − 0.055*** 0.009*** − 0.001  

(0.064) (0.043) (0.020) (0.045) (0.019) (0.016) (0.003) (0.009) 
Observations 8139 8139 8139 8139 23,790 23,790 23,790 23,790 
R2 0.778 0.634 0.776 0.782 0.926 0.903 0.971 0.949   

Frozen fillet Frozen fillet 
Lockdown stringency − 0.480*** − 0.025* 0.149*** − 0.604*** − 0.176*** − 0.078*** − 0.061*** − 0.037***  

(0.024) (0.014) (0.008) (0.020) (0.031) (0.021) (0.008) (0.014) 
Observations 35,889 35,889 35,889 35,889 23,790 23,790 23,790 23,790 
R2 0.912 0.913 0.838 0.777 0.811 0.895 0.859 0.841 

Robust standard errors in parentheses. 
All regressions include a constant, firm-month, and destination country fixed effects. 

*** p < 0.01. 
** p < 0.05. 
* p < 0.10. 
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interruptions.6 To the extent that there have been challenges in some 
supply chains, the exporters have been able to offset these losses by 
finding alternative markets. 

Using the Oxford Stringency Index (OXI) (Hale et al., 2021) as a 
measure for lockdown stringency, we find that Covid measures have had 
a significant impact on export value as well as different margins of trade. 
However, the effects vary for the four product forms. In particular, for 
fresh fillets and whole frozen salmon, export value increases with 
stricter Covid measures, suggesting that the measures improve the 
competitive situation for these products, while for whole fresh and 
frozen fillets, export value is reduced. We also find that the ten largest 
export firms react more strongly to the Covid measures, highlighting the 
greater flexibility of larger firms that serve many countries to shift 
supply. This is not very surprising as more diverse units in terms of 
products, technology, networks, etc. are more resilient to shocks in 
general (Balland et al., 2022). 

Overall, the limited aggregate effect of the Covid lockdown measures 
shows the resiliency of the salmon supply chains and exporters’ flexi-
bility to adapt to demand shocks. As Covid has likely provided the 
largest demand shock the seafood market has experienced, this is good 
news for the global seafood trade system. It is also interesting to contrast 
this with supply shocks due to fish diseases or environmental factors, 
which have a strong price effect (Asche et al., 2017). As such, the lack of 
diversification on the supply side of the market—with production 
concentrated in only a few countries—appears to pose a greater risk to 

resiliency in the salmon supply than on the demand side, where the high 
number of destination markets give exporters ample options for evading 
shocks in any one market.7 
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Appendix A

Fig. A1. Norwegian salmon exports, fresh fillets, Jan 2016-May 2021. 
Source: Customs Norway; authors’ own calculations.  

6 With the long lead time when producing salmon, one would not expect production to decline until the second half of 2021 and 2022 in response to negative 
market shocks (Asche et al., 2018). Given the structure of the production process, feed use and smolt release can be regarded as leading indicator. However, as noted 
in the introduction production was up also in 2021 and the smolt release also appears to increase, indicating that production will not be reduced in 2023.  

7 Aquaculture is a risky production process, as demonstrated for a number of species–e.g., Ankamah-Yeboah et al. (2021), Dahl and Oglend (2014), Engle et al. 
(2021), Garlock et al., (2020), Khan et al. (2018), Moor et al. (2022), Petesch et al. (2021), and Theodorou et al. (2020)–but most species have more source countries 
than salmon (Garlock et al., 2020; 2022). 
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Fig. A2. Norwegian salmon exports, frozen whole, Jan 2016-May 2021. 
Source: Customs Norway; authors’ own calculations. 

Fig. A3. Norwegian salmon exports, frozen fillets, Jan 2016-May 2021. 
Source: Customs Norway; authors’ own calculations. 
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