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Abstract: Salmon farming stands out from many other industries with its very high profitability,
but it is also highly volatile. The main question is whether the profit of individual firms is stable, or
whether profitable firms change from year to year. The purpose of this article is to apply the theory
of profit persistence to answer this question for salmon farming in Norway. By using panel data
from 2010 to 2019, available from public statistics, we study the relative deviation from the average
profits. We estimate the speed of adjustment to the profit norm by using a dynamic GMM estimator.
We find a high degree of convergence to the average profit among salmon farmers. For companies
belonging to the group with below-average profit, there is a positive correlation between growth and
profitability and a negative link between debt ratio and deviation of profit rate. Our finding is that
although the Norwegian aquaculture industry has large profits, there is large volatility in the profits
of this industry. This is useful knowledge for investors, lenders, public authorities and others who
need to know something about the risk in the aquaculture industry.

Keywords: salmon farming; GMM estimator; panel data; profit persistence; Gibrat’s law; law of
proportionate effect (LPE); Norway

1. Introduction

Farmed salmon production is an important segment of the world fish market today.
Production takes place in relatively few countries, the main producer being Norway,
with around half of all production [1]. Other important producer countries are Canada,
Chile, the Faroe Islands, and the United Kingdom [2]. Climate and geographical conditions
limit the potential areas for this kind of production. Salmon is a popular food choice among
consumers worldwide and demand for it has increased. Due to supply limits, there has
been a considerable rise in market price in the last decade; for instance, from 2012 to 2019,
the price increased from EUR 3.50 to 6.00 per kilo [3]. During this period, there was a
substantial fall in the value of the Norwegian currency, while production costs rose by less
than the rise in the prices. As a result, salmon farming has become very profitable. At the
same time, considerable concentration occurred primarily through acquisitions. From 1996
to 2018, the ten largest salmon farming companies’ share of the industry’s overall sales
volume increased from 18.9 to 67.3 percent [4]. Many of the big firms are listed on the Oslo
Stock Exchange (OSE). There has been a strong rise in the market values of salmon firms
since 2012. The salmon stock price index on the OSE increased almost tenfold from 2012 to
2018 [5].

There are a large number of published articles addressing the market, cost structure,
and profitability of Norwegian salmon farming. The study of Asche et al. suggests that
volume shares and small companies have a significant positive impact on performance [6].
There are considerable risks associated with the production of farmed salmon; hence, there
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is great variation and uncertainty in the link between input and output in the manufacture
of this product [7,8]. Critical factors for its operation are weather and temperature changes,
fish deaths, illnesses, fish escapes, algae growth, and other harmful factors [6,9–12]. These
factors can cause sizeable economic losses [2,13,14]. In addition, there are considerable
variations in prices and exchange rates that create uncertainty [15–17]. Furthermore, there is
significant uncertainty related to feed costs, which account for about half of total costs [2,4].
Licences and strict public regulations lead to limited opportunities to increase salmon
production [18]. Despite its success, the production of farmed salmon is quite controversial
in Norway due to environmental conditions, among other things [1,19].

With the characteristics of this sector, the question of whether one company can achieve
higher profits than others over a longer period arises. Location, innovation, and good
methods of managing risk can help some companies achieve good financial results during
many consecutive years. Asche and Sikveland tested this by studying the development
of earnings before interest rate and tax (EBIT) [20]. They concluded that there was little
correlation between the profits from year to year and that the hypothesis of a random walk
could not be rejected. The salmon-farming sector is heavily reliant on factors outside the
specific firms sphere of control, from diseases in the farms to exchange-rate fluctuations.

Salmon farming stands out from most other industries due to its combination of high
volatility and profitability. In the literature of profit persistency, there has been little focus on
such cases. In this paper, we contribute to the literature by applying the theory of Mueller
(1986) and Gibrat (1931) to this unusual industry. By analysing this outlier industry, we can
learn about how industries with similar characteristics work. In particular, the results in
this article can be applied to other exporting industries with high risk in production [21,22].
The year-to-year correlation of within-firm profit rates is measured in deviations from
sector mean, meaning that sector-wide yearly variations are controlled for through a simple
transformation of the main variable. We apply this variable by using a dynamic panel data
methodology to estimate the persistency of profit rates, and thus to analyse the importance
of firm-specific factors in salmon farming. More knowledge about the profitability of the
sector will be useful for companies engaged in aquaculture, for lenders, and not least for
the authorities in the assessment of various forms of regulation and tax design.

Fish farming involves a risk of disease or escape of fish. Increased density of fish
farms leads to an increased risk of disease that can have serious consequences for the
industry. For this reason, the industry is strictly regulated. It is the central authorities that
grant or sell licenses. Each license gives a company a permit for a maximum of tonnes
of biomass (the maximum allowable weight of all salmon). In southern Norway, this is
780 tonnes, while in northern Norway, where the risk of disease is lower, each permit is set
at 900 tonnes. The number of licenses granted by the authorities thus indicates the capacity
limit for the industry.

The fish-farming industry in Norway has an annual production that runs counter to
the capacity limit set by the authorities. Increasing production by getting the authorities to
issue more licenses is a process that takes a long time. The production is therefore inelastic.
Due to inelastic supply, higher demand (see Figure 1, left) results in higher prices and
increased profit among firms producing farmed salmon. Data from public statistics confirm
this picture (see Figure 2, left). From 2012 to 2020, there has been a solid increase in the
price of salmon measured in NOK (Norwegian Krone). There is a strong link between price
and profit rate. High salmon prices have led to solid profits in the sector. Despite high
prices and very good profitability from 2014 to 2020, growth has been limited (Figure 2,
right). The demand has become less price-elastic over time [23]. Hence, fish farming stands
out in profitability compared to many other sectors.
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Figure 1. The figure on the left shows weaker currency and higher demand (shift from demand from
D0 to D1) have led to substantially higher prices (from P0 to P1) and profits since the supply curve is
quite inelastic. The figure on the right shows the change in price of farmed fish. (Source: Norwegian
public register for firms, Brønnøysund Register Center).

Figure 2. The figure on the left shows the profit, and the figure on the right shows the growth among
farmed salmon fishing in Norway from 2010 to 2019 (Source: Norwegian public register for firms,
Brønnøysund Register Center).

It is of great interest to gain more knowledge about how profitability is distributed
between companies and how it develops over time. See graphs showing the Fish Price
Index (Figure 1, right), Industry Profits (Figure 2, left) and Industry Growth (Figure 2, right).
Both growth and profit are related to prices, growth being the yearly change in revenue.
The years 2010–2012 were characterised by negative growth, low profit, and falling prices.
Prices increased after this, with a large jump in 2016, followed by stabilisation. The same
jump and stagnation are seen in both industry profits and growth.

In recent years, there has been discussion of imposing a special tax on the aquaculture
industry with reference to its high profits. This debate has lacked nuance due to little
knowledge. Our contribution is as follows: Although the aquaculture industry can point
to many companies with large profits, the financial result is very volatile. In the further
debate on taxation, this should be taken into account [24].

2. Theory
2.1. The Persistence of Profit (PoP)

An important question is: if a company has higher or lower profit than the norm in
a sector, will this gap be sustained or will the profit rate converge to the mean rate over
time? An example of this is given in Figure 3. Many researchers have empirically analysed
the degree of persistence of profit within different sectors [25,26]. These studies are mostly
based on the work of Mueller [21].
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Figure 3. The figure shows two companies, A and B, where the profit rate deviation from the average
profit rate in the industry at time t0 is π1 and π2, respectively. The profit rate converges towards a
state where there is no difference between the two companies’ profit rates and the industry average.
The factor λ in Equation (2) measures the speed of adjustment to normal profit rate.

This paper will use the same procedure. Pit expresses the profit for company i in
period t. This is disturbed by cyclical variations, which calls for subtracting the mean
profit rate for the sector (P̄t) from firm profit rates, to obtain a measure robust to sector-
wide economic forces. Furthermore, one divides the expression by the mean profit rate to
produce a relative measure of profit-rate deviations. This gives the following equation for
deviation of the profit rate πi of company i in the year t:

πit =
Pit − P̄t

P̄t
(1)

The simple autoregressive (AR1) model is:

πit = α0 + λπit−1 + εit (2)

where εit is a random error term for each firm at each time point of time. A value of
πit above zero means this company has a higher than average profit rate for the sector,
and vice versa if πit is negative. An interpretation of λ is the degree of profit persistence;
that is, the degree to which firms carry over profitable years into the following year. Rational
values vary between 0 and 1.0, but usually profit persistency lies in the [0.1, 0.4] range [26].
If λ is zero, firms that have above—or below—average profit rates for the sector in one year
are expected to revert to the mean profit rate the following year. There is a rapid adjustment
to the profit norm for this type of sector, and no profit persistency. A high value of λ reflects
a sector in which firms keep their profit rates above the sector mean for extended periods,
while a low value means that firms struggle to escape low-profitability times.

If λ = 1, it does not make sense to talk about a sector mean. There is no convergence
to a common mean. λ is thus a measurement or indicator of the short-run persistence
parameter for profit. In the literature, an interpretation of the long-term steady-state
equilibrium (permanent rent) is also used and is defined as:

P̂ =
α̂

1 − λ̂
(3)

where α̂ is the estimated constant.
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Factors influencing the speed of adjustment to normal levels are market power, product
differentiation and advertisement, advanced and heterogeneous products, entry barriers,
cluster, advanced technology, and good leadership [21]. If any company has a strong
position and manages to keep it, it may be able to secure high profits over a longer period.
If the company convinces customers that its product is unique with high quality, willingness
to pay can be high and competition from others will not be so strong. In particular,
firms that manage strategically to build long-run relationships with customers are able to
keep their profits high over a longer period. Customers may have a lack of knowledge,
and the company’s management can succeed in portraying it as unique and sustainable. If,
for economic or political reasons, there are significant barriers to entry, this could protect
existing businesses. There may be high establishment costs, financial difficulties due to low
equity, or considerable risk associated with the establishment of companies. If a company
offers a product with advanced technology that is difficult for others to copy, this could
secure the economy of the company. Companies that have a patent for a product can
operate with very high profits over a long period of time. Conditions that lead to a rapid
change to the normal level are a high degree of competition, homogenous products with
simple technology, or limited entry barriers. From the neoclassical theory of the perfect
market, new entrants will ensure that profits are competed away. Sectors with inelastic,
volatile, or insecure production will tend to have low persistency of profits, as stable profits
are hard to generate.

Even if one succeeds in achieving good results, it is not certain that they will persist. It
depends on the situation. Existing empirical publications show that the level of profitability
differs from the competitive norm and there is substantial sector variation. Bhangu reported
a variation of short-run profit persistence from 0.2 to 0.6 depending on the sector [27].
The value of the coefficient was found to be high in consumer retailing, household and
personal products, and health care. A moderate degree of profit persistence was observed
in the capital-intensive industrials and information technology sectors. Companies in those
sectors also managed to earn relatively high profits in the long run. Firms in financial
sectors obtained the lowest score for profit persistence. A study by the McKinsey Global
Institute confirmed a high value of λ among companies operating in idea-intensive fields
such as the health sector and information technology [28]. Giotopoulos suggested a stronger
degree of profit persistence in knowledge-intensive sectors compared to less knowledge-
intensive production [29]. Gschwandtner and Hirsch found the profit persistence of the
manufacturing sector to be higher than that of food processing companies [30]. Other
drivers of above-average profitability are the size of the companies and the financial risk.
Stronger competition will lower the profit deviation from the sector’s norm. It can be
noticed that the empirical findings are mixed where culture, chosen country, and time have
an influence on the results. For instance, Hirsch [26] found different values explaining the
degree of profit persistence from Bhangu [27], suggesting a high persistence coefficient for
the banking sector (near 0.4) and a very low one for the food sector (under 0.1). There are
various factors that may influence the results of empirical studies. Opstad et al. estimated
the profit persistence factor to be around 0.25 for the Norwegian restaurant industry [31].

2.2. Law of Proportionate Effect (LPE)

The empirical work is based on Gibrat’s Law [22]. This gives useful additional infor-
mation for the analysis of enterprises and the profit level [32,33]. The model of LPE is:

yit = α + βyi,t−1 + εit (4)

where
εit = ρεi,t−1 + µit and µit ∼ N(0, σ2) (5)

α is a constant, and εit is a random disturbance term. yit is the logarithmic value of size,
measured by sales revenue, for firm i at time t.
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Similarly to the literature on profit rate persistency, Gibrat’s LPE describes the trends
of firms through an autoregressive parameter [22]. While Mueller’s profit persistence
measures how fast firm-deviations from mean sector profit disappear [21], Gibrat’s law of
proportional effect gives an estimate of market concentration dynamics. The law holds if
β = 1, which means that the firms grow proportionately to their size, the best predictor of
future size being past size. The firms follow a random walk, meaning that differencing firm
size into firm growth, and estimating the equation as size on growth, gives the interpretation
of firm growth being independent of firm size. If β is larger than one, large firms grow
faster than smaller ones and we observe market concentration in the sector. The opposite
is true for β < 1, which indicates a mean reversion amongst firms, with smaller firms
growing faster than larger ones. In the extreme case of β = 0, there would be perfect,
and frictionless, competition.

The growth of firms cannot be described by perfect trends of, say, β = 0.85 but will
instead have years when they perform above or below their expected trend. The moving
average parameter ρ tells us whether performance above or below the expected trend in
one year can predict growth that differs from the trend the next year. That is, will success
or failure in one year lead to success or failure being the best predictor the next year? If so,
ρ will be significantly positive. If ρ is negative, success in one year is expected to result
in failure the next year, which would likely point to a sector characterised by volatility.
A positive ρ points to a sector with inertia, while ρ = 0 means that firms that are off trend
revert to trend within a year. That is, if there is no significant moving average component
in firm trends, all shocks to size or growth are absorbed within a year and there are no
spillover effects [33].

3. Research Questions

Having explained the salmon-farming market structure, we now focus on three key
areas: profit, size, and firm-specific factors. By analysing profit persistence in salmon
farming, we can measure the ability of firms to keep profits above the sector mean or,
equivalently, the difficulty of catching up to mean profit. This parameter is understood as
the speed of adjustment to the mean after a deviation from the mean profit rate. As far as
we know, this is the first empirical analysis of Mueller’s profit persistence within this sector.
Previous studies have found that industries with high levels of profitability tend to have
high levels of profit persistency, but this might not be the case here.

Research Question:
Research question 1 is described in Equation (2) and asks: What is the degree of profit
persistence for the Norwegian salmon farming industry?

To further analyse the trends of the salmon-farming industry, we estimate the growth
dynamics of the sector’s firms. Whereas profit persistence is likely to be close to zero,
the persistence of size is likely to be close to unity, which is what Gibrat’s Law predicts.
If Gibrat’s Law holds, there is a random walk and the individual company’s relative growth
is independent of the size of the company. In this paper, we apply the method used by
Valenta et al. [33], which uses the level form of the dependent variable, in contrast to Asche
and Sikveland [20], who use the difference. Importantly, the moving average component
will be included. If it is not included, the estimated autoregressive parameter will be biased,
capturing spillover effects.

Research Questions:
(2a) Does Gibrat’s Law hold for the Norwegian salmon-farming industry? (Equation (5)).
(2b) Will failure or success be maintained the next period? (Equation (5)).

The third section of our paper investigates firm-specific variables which are believed
to influence the profit rate deviations from the sector mean. Asche et al. found a positive
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correlation between the firm’s share of total sales and profitability [6]. There was also a
positive link between working capital and performance, while operating leverage had a
negative impact on profitability.

In Research Questions 1 and 3, we use the deviation of profit rates from the sector
average as the dependent variable. When estimating firm-specific factors, we specify two
models due to the large effect of salaries on profit rates. In previous literature, the cost of
borrowing money tends to have negative impact on the profitability [34,35].

Hirsch and Valenta et al. reported a significant positive link between growth and profit
rates [26,33]. Companies might take advantage of growth to achieve higher profits [25].

Controlling for firm-specific factors can have an impact on the level of profit persis-
tence. According to the research of Giotopoulos, the effect might be stronger or weaker [29].
Based on known research, we postulate the following research questions:

Research Questions:
(3a) Is there a correlation between profitability and firm-specific factors?
(3b) Does including business-specific characteristics of the sector have an impact on the
level of profit persistency?

We have chosen to present Research Question 3 in a general form. Some factors can
have positive effects, others negative ones, and there may be factors that do not have any
effect. According to Yadav et al., there is mixed empirical evidence about the relationship
between growth and profitability and between size and profitability [36]. If there are no
economics of scale for salmon farmers, the link between profitability and size should be
insignificant. Research has also found that growth is a determinant of profitability, and
has a positive relationship [37]. Furthermore, the level of indebtedness has a negative
influence on profit rates [38].

4. Methodology and Data
4.1. The Sample

The accounting information is available from a public register (Brønnøysund Register
Center). From this list we obtained financial information for the last 10 years (see Table 1).
The population consists of the 87 companies that have been in the market from 2010 to 2019.
The total number of fish farms that existed in 2011 was 100. The sample that we used in our
survey consists of the companies that have existed and submitted accounting information
to the Brønnøysund Register Center from 2010 to 2019.

Table 1. Descriptive statistics of the selected companies (1000 Norwegian Kroner).

Variable Mean St. Dev. Min Max

Sales 478,262.2 730,184.3 38,959.7 4,64,029.0

Profit rate (%) 24.53 7.7 8.06 54.55

Market share (%) 1.31 1.95 0.097 11.51

Growth (%) 17.30 10.56 −19.37 61.58

Debt rate (%) 75.20 33.50 30.65 228.94

Working capita1 (1) 50.09 26.57 6.35 175.16

Salary expenses (%) 6.48 3.33 3.37 19.81
(1) Working capital is current assets minus current liabilities divided by revenue.

It is rather unique that the mean profit rate for the firms in the sector is close to
25 percent (see Table 1). In other words, it is highly profitable. There are significant
differences in size, and the largest company has a market share of over 10 percent. There is
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considerable variation between the companies in debt rate, working capital, and share of
wage expenditures.

4.2. The Models

In line with research by Mueller [21], the simple autoregressive (AR) model is estimated
to obtain the persistency of profits (see Equations (1) and 2), while Gibrat’s Law is estimated
through an ARMA framework in accordance with Tschoegl [32] (see Equation (4)). The
model is expanded to see company-specific factors that may explain deviations from normal
profits. Several researchers have used this approach [39], but the choice of explanatory
variables varies. The extended model is (M3):

πit = α0 + λπi,t−1 + α1(Growthrate)it+

α2(Marketshare)it + α3(Debtrate)it+

α4(WorkingCapital)it + α5(Salaryrate)it + εit (6)

where the growth rate is defined as:

Growthrateit =
Revenueit − Revenuei,t−1

Revenuei,t−1

The size is measured by market share. The working capital is a measure of the
firm’s short-term liquidity. This factor can influence the firm’s decision about increasing
production. With a shortage of working capital and investment, the firm probably needs
loans to realise investments. Some of the company-specific factors have been analysed by
Asche et al. [6]. A significant difference in this article compared to Asche et al. is that the
dependent variable in this model is a deviation from the norm in the sector [6].

All models are estimated by applying the system GMM (general method of moments)
framework introduced by Blundell and Bond [40]. They show that the estimator remains
unbiased as the autoregressive parameter approaches unity, in contrast to the conventional
GMM estimator, which is weak in this regard. Since the system GMM estimator remains
unbiased, it is what is used in most applications of Mueller’s PoP and Gibrat’s Law.
Discussions and applications of relevant estimators, their properties, and their weaknesses
in the estimation of firm trends can be found in Valenta et al. [33]. As discussed by Hirsch
and Gschwandtner, several researchers have used the GMM framework to estimate the
persistency of profit, and it is the estimator that lends the most credibility in the field [41].
In line with Gschwandtner, we divide the sample into three subgroups depending on the
initial profits of the companies for the first three years [25,42]. Group 1 (low profit) consists
of companies that have initial profit rates below 20 percent. Firms with initial profit rates
above 29 percent are placed in Group 3 (high profit). Group 2 contains firms in the middle
with profits between 20 and 29 percent. A key question is whether there are any differences
in the pattern among these three groups with regard to the degree of profit persistence and
which factors characterise their differing profit rates.

To analyse the properties of the salmon-farming industry, we formulate three models.
There are three important characteristic we wish to investigate in this article.

1. The volatility in production due to illnesses in the salmon stock.
2. The volatility in demand due to exchange-rate fluctuations.
3. How the high profitability of the industry is distributed in face of the firms’ challenges

with instability.

Figure 1 presents the supply and demand as inelastic supply with unstable demand
on the left. Figure 1 shows the volatility and price sensitivity of the industry on the right.
Figure 2 left shows the convergence towards the mean profit rate of firms differently hit by
the exchange-rate appreciation of 2012.
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Model 1 partly captures both the supply and demand by analysing the yearly revenue
of the salmon farmers. In particular, the year-on-year effect of revenue deviation from its
trend, the moving average component, is the parameter of interest.

Model 2 estimates the importance of firm-specific factors through the trend of profit-
rate deviations from mean. This controls for cyclical effects, such as the exchange rate. This
model captures how much firms can influence their rate of profit in the face of the volatile
production of the industry.

Model 3 further examines these firm-specific factors by including specific variables.
By extending model 2 into model 3, we can analyse whether specific strategies with
regards to debt leverage and salary rates, for instance, can influence the success of salmon
farmers. Since the salary of salmon farmers is quite inaccurately reported, we formulate
two extended models, one with and one without the salary rate. The salary rate is also
thought to be highly collinear with measures of size.

5. Findings and Discussion
5.1. Research Question 1 (PoP)

The degree of profit persistence is very low among the companies producing farmed
salmon (Table 2). The value of λ is very close to zero, estimated as seven percent. This
corresponds to less than a tenth of deviations from the profit mean expected to carry over
in the next year. Of the subgroups, only the high initial profit persistence is significant,
but it also represents less than a tenth of deviations. The initial differences in profit rates,
which were particularly large as prices fell in 2012, disappeared very quickly as prices
increased again. As seen from the graph in Figure 4, the differences were completely gone
in 2016—at the highest point of the fish price index—though a slight difference reappeared
later. This points to differences in firm practice, while any shock persistency is limited.

Table 2. Result from Model 1 (profit persistence).

Initial Initial Initial
Variables All (1) Low π Medium π High π

(Group 1) (Group 2) (Group 3)

πt−1(λ) 0.074 ** 0.002 0.035 0.092 *
(0.030) (0.049) (0.058) (0.051)

Constant (α0) −0.0011 −0.240 *** −0.0015 −0.206 ***
(0.017) (0.031) (0.029) (0.036)

Observations 712 248 202 234

Firms 84 29 24 29
Robust errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

The answer to Research Question 1 is that companies that do better or worse than
average do not retain this position for an extended period. This pattern is also clearly seen
in the graphical representation (see Figure 4).

There are several possible factors that may explain why there is little degree of profit
persistence in fish farming. Firstly, it is a rather homogeneous product with familiar tech-
nology. According to the approach of classical market theory, there is a tendency for the
rate of profits to decline as technological convergence leads to homogeneity in production
and product [43]. The main reason for this suggestion is the theory of competition, but em-
pirical works about this issue give mixed results [44]. Since there is such a high average
profit within fish farming, it is probably necessary to use another approach. Rumelt (1984)
introduced the term “isolating mechanisms” [45]. By that, he means economic forces that
protect existing businesses and prevent entry of new companies. Such mechanisms are
obvious in salmon farming due to the conditions that characterise fish farming [7]. There is
a requirement for a state license to operate in this sector and there are production restric-
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tions. This explains why growth is so low despite the large profits (see Figures 1 and 2)
and why a high mean profit continues during a longer period. On the other hand, there is
high risk associated with fish farming. There are many factors that influence the financial
result (see the Section 1), as disease, lice, and temperature fluctuations affect the individual
producer. A business may be lucky in one year through not being hit by such factors,
but the situation may be completely different the following year. Therefore, the profit rate
may vary widely over time. Since there is a requirement to change the location after a
certain period, the benefit of good localisation will be limited if the business is analysed
over a longer period. Furthermore, there are no special factors that indicate that a business
can advertise a unique product and achieve good relationships with a particular customer
group. Hence, the correlation between a company’s profits in one year and the following
year is small [20]. Our analysis using model M1 confirms that there is no, or only a very
small, degree of profit persistence (see Table 2).

Figure 4. The development of the gap in profits follows in large part the pattern outlined by Mueller
(cf. Figure 3). Companies that perform differently from the average company converge to the norm
during the period.

However, there are some differences among the three groups in the permanent equi-
librium values (See Table 3). Only for Group 3 is there a positive value. According to
Gschwandtner, the value of P̂ is around zero for many companies (Group 2) [42]. However,
a negative value is not a stable long-run equilibrium. This conclusion is based on the
theory of perfect competition, however, where profits are close to zero in the long run.
This is not the case for Norwegian salmon farming, where profit rates tend to be around
25 percent, meaning that firms can probably run profit rates below the sector mean for
extended periods.

Table 3. The value of P̂ (is calculated from the result in Table 2).

Initial Initial Initial
All (1) Low π Medium π High π

P̂ −0.240 −0.016 0.227
(1) The value of α0 is equal to zero since all observations in the sample are included.

5.2. Research Question 2 (LPE)

The result of testing Gibrat’s Law confirms this conclusion or tendency (Research
Question 2). The findings in Table 4 show that the hypothesis that β = 1.0 (Equation (3))
is not rejected for the different groups. Since Gibrat’s Law holds, it means the companies
follow a random walk. The company’s growth in the sector is independent of size, and there
are no economies of scale effects. Which firms increase or decrease activity each year is
coincidental—they follow a random walk.
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Table 4. Result from Model 2, ARMA (Gibrat’s Law).

Initial Initial Initial
Variables All (1) Low π Medium π High π

(Group 1) (Group 2) (Group 3)

β 0.948 0.998 0.942 1.033
(0.038) (0.056) (0.052) (0.051)

MA (ρ) −0.567 *** −0.590 *** −0.523 *** −0.643 ***
(0.045) (0.067) (0.077) (0.071)

Constant 0.762 *** 0.159 *** 0.859 *** −0.289 ***
(0.478) (0.700) (0.641) (0.625)

Observations 615 218 175 199

Firms 87 29 24 29
Robust errors in parentheses, *** p < 0.01.

For all groups, the moving average coefficient ρ (Equation (4)) is strongly significant
and negative with high values (above 0.5). This value is higher for Groups 1 and 3 than for
Group 2, but not significantly so. The large negative moving average is a very interesting
result, especially combined with the random walk trend of firm revenue. It indicates that a
year with above-trend sales is expected to be followed by a year with below-trend sales
and vice versa. That is, a successful year is expected to be followed by a year of failure.
This overcorrection is estimated to be a little above half the size of the initial shock, as seen
by the estimate ρ̂ = −0.57.

Literature on the salmon industry discussing the high risk of the industry and the am-
biguous link between input and output could explain this result [8,9]. This overcorrection
mechanism of firm growth also explains the low degree of profit persistence in the industry,
as profits are hard to maintain when faced with a volatile income stream, while a moving
average component is likely.

5.3. Research Question 3: Firm-Specific Factors and Profitability

Our data suggest that the impact of firm-specific factors varies depending on the
starting point. For Groups 2 and 3 (medium and high initial profits), none of the company-
specific explanatory variables have a significant impact on the relative deviation from the
average profit in the sector, though the estimate for the whole sample reflects that of the
initially low-profit firms. There is obviously a different dynamic of profit development
between Group 1 and the rest of the companies. Finding various degrees of profit persis-
tence by using quantile regressions is in line with the report of Giotopoulos [29]. Our result
suggests that having below-mean profit is stickier than having above-mean profit.

The result confirms that the market share or size of the companies did not affect the
profit target (see Table 5). We did not find any correlation between working capital and
the profit deviation. The literature discusses whether there can be a negative correlation
between debt ratio and profitability [38]. Using the profit rate as the dependent variable,
Asche et al. reported a positive association between the profit rate and working capital [6].
Afrifa and Padachi suggested that an optimal level of working capital exists [46]. Too much
or too little will have a negative impact on the firm’s performance. The level of working
capital is rather high for salmon farming. One explanation may be the high risk connected
to this industry. In this study, we did not find any significant correlation between working
capital and profitability. One reason may be that there is no clear correlation between the
level of working capital and profit.

Companies with high debt ratios have higher financial costs and there might be a time
lag between investment and revenue. Therefore, one might expect a negative link between
profit and debt ratios [6]. In this study, this effect appears for Group 1 and for the whole
sample, but not for Groups 2 and 3.
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Many studies have found a positive link between growth and profit rates [37,39].
If there is growth, a company can exploit this to improve the financial situation. This
effect seems only to apply to companies belonging to Group 1 in this study. This is in line
with Marris, who suggested that the link between growth and profitability is weak and
mixed [47].

By including firm-specific explanatory variables, the value of λ changes from zero
to 0.2 for Group 1 and is statistically significant (Research Question 3b). The speed of
adjustment of short-run profit is slower in this extended model compared to the version
presented in Table 2. For the whole sample, in this specification the adjustment factor is
significant at around 0.1, which is a little stronger than that shown in Table 2. By controlling
for factors such as the debt ratio and growth rate, there seems to be some degree of profit
persistence for the companies with initial low profit rates, but not for Groups 2 and 3.

Notice that companies initially performing below the average need time to converge
to the average profit, while companies achieving profits higher than the mean value are
rapidly approaching the norm. Based on the available information, there is no obvious
explanation for this asymmetry. However, the value of λ is rather low. Bhangu reported
few cases with a speed of adjustment factor lower than 0.2. For most sectors, the value
of λ was at least 0.3 [27]. With a significant impact only for Group 1 and with a value
of λ around 0.1 for all companies, salmon farming still stands out with a high speed of
adjustment to the norm compared to other sectors.

Table 5. Result from Model 3a (without salary as explanatory variable).

Initial Initial Initial
Variables All (1) Low π Medium π High π

(Group 1) (Group 2) (Group 3)

φt−1λ 0.112 *** 0.203 *** 0.031 0.095 *
(0.031) (0.059) (0.059) (0.054)

Market share 0.301 −012.221 5.711 −0.112
(4.28) (8.362) (4.883) (5.223)

Growthrate 0.159 *** 0.484 *** 0.075 0.060
(0.053) (0.088) (0.090) (0.095)

Debtrate −0.153 ** −0.214 ** 0.082 −0.054
(0.068) (0.089) (0.146) (0.135)

Working Capital −0.082 0.171 −0.165 −0.106
(0.088) (0.139) (0.137) (0.129)

Constant (α0) 0.112 −0.026 −0.070 0.300 **
(0.081) (0.147) (0.143) (0.145)

Observations 615 218 175 199

Firms 87 29 24 29
Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

In Table 6, the salary share (of the total revenue) is included as an explanatory variable.
This factor has a strongly negative impact on Groups 1 and 2 and almost no effect on Group
3. One possible explanation for this is that there is considerable rigidity in labour costs.
For a company, those costs can be at the same level regardless of the level of production.
If the company has lower staff turnover than expected due to illness and other factors,
this will lead to a higher wage rate. This will statistically result in a negative correlation.
Another explanation might be that companies affected by disease, fish death, and so on
need extra employees to handle this situation. The result is lower profits and higher
salary costs.
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Table 6. Result from Model 3b (including salary as explanatory variable).

Initial Initial Initial
Variables All (1) Low π Medium π High π

(Group 1) (Group 2) (Group 3)

φt−1λ 0.089 *** 0.170 *** −0.008 0.083
(0.031) (0.057) (0.059) (0.054)

Market share 1.251 −8.000 2.138 −0.113
(3.969) (8.072) (4.899) (5.284)

Growth rate 0.090 0.320 *** −0.020 0.054
(0.055) (0.096) (0.093) (0.095)

Debt rate 0.002 0.041 0.203 −0.050
(0.076) (0.105) (0.148) (0.137)

Working capital 0.111 0.380 −0.115 −0.109
(0.097) (0.144) (0.134) (0.169)

Salary rate −6.073 *** −8.120 *** −7.663 *** −0.384
(1.399) (2.101) (2.676) (2.282)

Constant (α0) 0.292 *** 0.231 0.324 * 0.328 **
(0.089) (0.155) (0.193) (0.154)

Observations 615 218 175 199

Firms 87 29 24 29
Robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.

6. Conclusions, Further Research, and Limitation

This paper investigated the degree of profit persistence among Norwegian salmon
farmers. Previous literature showed a substantial variation in the speed of adjustment
to normal profit between sectors. Despite the abnormally high profit level for compa-
nies within the salmon-farming sector, deviations from the mean value seem to be elimi-
nated quickly.

Salmon farming is risky and the relationship between inputs and outputs is uncertain.
With the same input, there can be a substantial deviation in the harvest. High production
one year can be followed by low production the next year with the same level of input.
The correlation between success in one year and in the following year is significantly
negative. This might explain why firms follow a random walk and why Gibrat’s Law is
not rejected. Our data show different pathways among the firms depending on the initial
profit rates.

The main finding, however, is that even though the industry is highly profitable,
the profitability does not persist through years for each company. This is useful information
in forming tax schemes. This is an argument for having a flexible taxation which depends
on the profitability of firms each year.

For companies belonging to the group with low profit, salary rates and debt ratios
are negatively correlated to profitability, while growth is positively linked to this depen-
dent variable.

Further research could analyse why there are substantial differences in the pathways
of firms depending on their initial profit rates. A limitation of this paper is the duration
of the sample and the lack of price strategy information. There is considerable variation
between firms in pricing strategy, with the choice between spot and term prices. This could
be a significant factor for explaining stability in profit rates.
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