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Overcoming the persistent overfishing problem requires a transition from the current business as 

usual, which is characterized by small, overfished fish stocks, large fishing effort with many 

fishermen and fishing vessels employed, and low catches, towards a more sustainable fishery. We 

study under which conditions a ‘window of opportunity’ for sustainable fishery management 

arises, i.e. a situation where the interests of the different groups (in particular consumer and 

worker surpluses) are aligned with the objectives of sustainable fishery management. We 

quantify the effects for the Eastern Baltic cod fishery and show that at very low stock sizes all 

interest groups unanimously prefer maximum-sustainable-yield management over the overfishing 

situation. A long-term commitment is needed, however, as with increasing stock sizes interests of 

fishermen and consumers may change and their present values of welfare would be higher when 

switching back to overfishing again. 
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1. Introduction 

The problem of overfishing persists in the oceans globally (FAO 2012, Pauly and Froese 2012), 

as well as regionally in European coastal waters and elsewhere, despite the fact that a more 

sustainable fisheries management is a political goal declared at the 2002 World Summit on 

Sustainable Development (Johannesburg), the Rio +20 conference in 2012, and other instances. 

Specifically, the politically set aim is to manage fish stocks such that they produce maximum 

sustainable yields (MSY). 

This requires a transition from the current business as usual, which is characterized by small, 

overfished fish stocks, large fishing effort with many fishermen and fishing vessels employed, 

and low catches, towards a more sustainable situation. Sustainable fisheries policy thus faces 

several relevant stocks which limit the speed of transition. Moreover, not all interest groups will 

typically benefit from a transition to a more sustainable fishery management. In particular, 

workers or capital owners in fishing industry may prefer a situation of overfishing where a high 

fishing effort is exerted (Samuelson 1974, Weitzman 1974, Stoeven and Quaas 2012). 

In this paper, we will focus, in a particular case, on the question how governments can assume 

responsibility for sustainability effectively. As pointed out in Petersen et al. (2009), assuming 

responsibility requires political power, which is typically scattered to a number of diverse actors 

in a field as complex as is sustainability policy. The interest in sustainability is a sort of general 

interest entangled with particular interests of, e. g., economic actors at least partially opposite to 

it. While the economic actors often follow rather myopic behavioral patterns, sustainability 

politics needs long-term thinking (Klauer et al. 2013, 2013a). Therefore, sustainability politics 

has in any way to cope with these opposite particular interests and myopic behavior. This could 

mean that sustainability politics either has to overcome these interests and behavioral patterns or 

to incorporate them in its policies. 

Ideally, politics is a process of a common search for the common good. In fact it is often also a 

fight between interests. To reach an agreement on sustainable measures and to implement them 

successfully, politicians must not miss the ‘right time to act’, and to use the ‘window of 

opportunity’ when it arises. To realize the ‘right time to act’ or to perceive a ‘window of 
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opportunity’ it is helpful to know the dynamics of the environment of possible action. These 

dynamics can best be judged if one is able to identify the relevant stocks influencing and 

influenced by the action (Faber et al. 2005, Klauer et al. 2013, 2013a). These stocks may material 

and quantifiable entities like a fish stock or the stock of fishing vessels, but also immaterial and 

non-quantifiable entities such as the institutional framework of the European Common Fisheries 

Policy. These stocks have their own ‘inherent time’ of duration and change, and their observation 

may enable actors to anticipate or even actively create ‘windows of opportunity’ for policy 

intervention (Klauer et al. 2013, Chap. 8 and 9). In this paper, we therefore study under which 

conditions a ‘window of opportunity’ for sustainable fishery management arises. Here, a 

‘window of opportunity’ is assumed to be a situation where the interests of the different groups 

are aligned with the objectives of sustainable fishery management. We study in particular the 

quantifiable welfare effects on the supply and demand side of the fishery. On the supply side, we 

consider the present values of worker and capital owner surplus, and the profits of fishing firms 

owning the use rights; on the demand side we consider the present values of worker surplus in 

fish processing industries and consumer surplus (Copes 1972, Stoeven and Quaas 2012). 

To quantify the effects, we focus on the Eastern Baltic cod fishery. Fish stocks in the Exclusive 

Economic Zones (EEZs) of the European Union are managed according to the European 

Common Fisheries Policy (CFP). The CFP was officially launched in 1983, one year after the 

1982 United Nations Convention on the Law of the Sea (UNCLOS 1982) established the EEZs in 

the marine waters up to 200 nautical miles from the coast. A major reform of the CFP was in 

2002, shifting the focus from supporting the European fishery towards sustainability of fisheries 

management. A new reform is under way in 2013. The main tool of the CFP is to set total 

allowable catches (TACs) that limit the quantity of fish that can legally be taken from a specific 

fish stock the next year. For most fish stocks, TACs are negotiated annually. On the basis of 

scientific advice from the International Council for the Exploration of the Sea (ICES) and the 

Scientific, Technical and Economic Committee for Fisheries (STECF), the European 

Commission proposes TACs for the different stocks to the Council of Ministers. The Council is 

not bound to this proposal, however, and freely decides on the TACs with qualified majority. For 

a few important fish stocks (including the Eastern Baltic cod), long-term management plans are 

in place that include the setting of TACs according to harvest-control rules. Still, the council of 
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ministers has the right to overrule the management plans in every single year. Overall this implies 

that the Council of Ministers is responsible for European fisheries management. Indeed, viewing 

sustainability as justice between humans of present and future generations as well as between 

humans and nature (WECD 1987, Klauer 2000, Baumgärtner and Quaas 2010), it also has to take 

into account the needs and wants of workers in fishing and processing industries both in the near 

and more distant future. 

To address this question for the fishery, we consider the welfare of different interest groups, 

measured as consumer surplus, capital owner surplus, and worker surplus, in monetary terms. We 

compare the present values of these welfare measures for two scenarios: a business-as-usual 

(BAU) scenario with ongoing overfishing and a scenario with management that aims at reaching 

the maximum sustainable yield (MSY). Under this scenario, one keeps the fraction of the fish 

stock that is harvested, termed ‘fishing mortality’ F  by fishery scientists, constant at the level 

MSYF that would lead to the maximum sustainable yield in the long run.1 At present, only some 

fish stocks are managed in such a way that could reasonably be deemed sustainable. Among them 

is the Eastern Baltic cod stock, which is historically one of largest and most productive cod 

stocks in the North Atlantic (Dickson and Brander 1993). This stock has been subject to serious 

overfishing in the 1990s and beginning of the 2000s, being fished under conditions close to open 

access (Kronbak 2005, Quaas et al. 2012). Since 2008 a management plan is in place that limits 

the fishing mortality to 0.3F  , which is probably close to MSYF  for this stock (Froese and 

Proelß 2010, Froese and Quaas 2011, Quaas et al. 2012), and has led to a significant increase in 

the spawning stock biomass of Eastern Baltic cod in recent years (ICES 2012). 

We find that at very low, overfished stock sizes, the present values of the welfare measures for all 

interest groups considered – fishermen, workers in the processing industry and consumers – are 

higher under MSY management than in the BAU overfishing scenario. For higher stock sizes, 

however, fishermen prefer BAU to MSY management. This is because fishermen surplus tends to 

                                                            
1From an economic point of view, it would be preferable the reduce the fishing mortality significantly below MSYF   

to accelerate the rebuilding of fish stocks to higher and more productive levels (e.g. Froese et al. 2011, Quaas et al. 
2012, 2013). 
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decrease with the stock size, as less effort is needed to fish the same quantity at higher stock 

sizes. For still higher stock sizes, also consumers and workers in fish processing tend to prefer 

BAU, because they discount future consumption of fish. 

We conclude that low stock sizes provide a ‘window of opportunity’ for sustainable fishery 

management, as all interest groups unanimously prefer maximum-sustainable-yield management 

over the overfishing situation. A long-term commitment is needed, however, as with increasing 

stock sizes interests of fishermen and consumers may change and their present values of welfare 

would be higher when switching back to overfishing again. 

The paper is structured as follows. In the Section 2 we present the model and derive equations for 

the welfare of consumers and workers in fish processing, the welfare of fishermen, and resource 

rent. Section 3 introduces the Eastern Baltic cod fishery and the data we use for the quantitative 

case study. In Section 4, we present our results. The final section concludes and discusses policy 

implications. 

2. Theoretical Background: Dynamic Fishery Model 

We consider an age-structured population model, using a similar approach and notation as 

Tahvonen (2009) and Tahvonen et al. (2012). The model describes the dynamics of the fish 

population in a way that is as close as possible to the ICES stock assessment models, as these are 

the models used for the scientific advice for the Council of Ministers. In particular, they have also 

been used to provide the scientific input for the current management plan. 

To derive the expressions for fishermen and consumer surplus, by contrast, we only use 

information on aggregate harvest and fish stock biomass. The primary reason for this 

simplification is that available data does not allow estimating harvesting or demand functions for 

the different age groups separately. 

2.1  Fish population model 

We use stx  to denote the number of fish in age group 1, ,s n   at the beginning of period 
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0,1,t   . Age-specific survival rates 0s  , age-specific proportions of mature individuals 

0s  , and mean weights of fish (in kilograms) sw , in age groups 1, ,s n  , all are assumed to 

be constant, as in Tahvonen (2009), and as in the standard biological stock assessments, such as 

ICES (2012) for the Eastern Baltic cod. 

With regard to harvesting, we assume that fishing mortality 0F   is exerted at the beginning of 

each period but after recruitment. Aggregate fishing mortality translates into age-specific fishing 

mortalities, captured by the catchability coefficients 0sq  . We will consider two scenarios for 

fishing mortality: In the BAU scenario, fishing mortality is assumed to be fixed equal to the mean 

of past observations, while in the MSY scenario, fishing mortality is set at MSYF . 

Denoting the stock-recruitment function by  (·) :     and the spawning biomass by 0tx , the 

age structured population model with harvesting activity can be summarized as   
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With this model, total harvested biomass in year t  is then given as  

 
1

1 exp( ) .
n

t s s st
s

H w q F x


           (2) 

Thus, for given biomass levels, harvest increases in the fishing mortality. However, because of 

the feedback on population dynamics, a higher fishing mortality implies lower future stock sizes 

and thus may also lead to lower future harvest levels.   
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2.2 Surplus of consumers and workers in fish processing 

In the following we describe the economic processes that make use of the landed fish. Our aim is 

to derive the welfare derived from fish for consumers of fish products and workers in fish 

processing. We specify the model such that the derived expression has a relatively simple 

functional form with few parameters that can be empirically quantified.  

Landed fish H is processed to fish consumption goods (quantity Y ) by means of labor L. We 

assume a Cobb-Douglas production function  

1Y H L             (3) 

with (0,1)  . This production function captures that fish input may be substituted by labor in 

the production of fish products. For example, using more labor input may increase the quantity of 

fish fillet obtained from the entire fish. Also, using more labor input may increase processing 

speed and thus decrease the quantity of fish that is spoiled while processing.2 The assumption of 

constant returns to scale implies that there are no profits in the fish processing industry. The only 

rents that may occur are rents for workers in fish processing. Such rents exist if labor supply is 

imperfectly elastic. This will typically be the case when labor is supplied on a local market. We 

assume that the wage rate relevant for the fishery is given by the iso-elastic inverse supply 

function  

( )W L L             (4) 

with constants 0   and (0,1)  . Consumers of fish products derive utility described by the 

function  

1( ) ,
1

p
U Y Y 





          (5) 

with positive parameters p  and  . We show in Appendix A that under these assumptions the 

                                                            
2 We acknowledge, however, that the Cobb-Douglas function is probably not a very plausible assumption for the 
limit case 0H  . 
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overall inverse demand function for landed fish is given by an iso-elastic function of harvest 

( )P H P H            (6) 

where 0P   and 

 1
0.

   


   
  

 
  

         (7) 

We thus can easily prove the following result:  

Result 1 

With fish processing described by a Cobb-Douglas production function (3), an iso-elastic inverse 

supply function for labor in fish processing (4), and an iso-elastic function (5) describing utility 

from fish consumption, the surplus CS of consumers and workers in fish processing is  

1

0

CS
1

H

h

P h dh P H P H  


  



  
        (8) 

It is monotonically increasing in the harvest quantity H and independent of the stock size B. 

2.3  Fishermen surplus 
 

As a next step, we will derive an expression for fishermen surplus, i.e. the welfare that workers 

and capital owners in fish harvesting derive from the fishery. Again, we aim at an expression 

with few parameters that can be quantified empirically.  

Harvesting is described by the generalized Gordon-Schaefer production function  

,t t tqH E B            (9) 

where 0   denotes the stock elasticity of harvest (sometimes also referred to as the ‘schooling 
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parameter’), and 1q   denotes the aggregate catchability. We use tE  to denote the aggregate 

fishing effort, and tB  to denote the total stock biomass in year t . Note that we allow that   can 

be different from one.  

Fishing effort can be thought of as an intermediate product that in turn is produced by means of 

labor l  and capital k  input. We follow Hannesson (1983) and assume a Cobb-Douglas 

production function  

1E l k             (10) 

with (0,1)  . Note that we assume constant returns to scale for the effort production function, 

so there are no profits of effort production.  

Labor and capital are supplied on local markets at a wage rate w  and rental rate r  for capital, 

and we assumed that the inverse supply functions are upward sloping. For capital, this captures 

the effect that fishing capital is typically malleable only to a limited extent. Thus, if there is little 

demand for fishing capital, the supply price will be low (or even zero in the case where fishing 

capital is not malleable at all), but it might be increasing steeply when demand for fishing capital 

increases. We consider an upward-sloping inverse supply function for renting fishing capital 

instead of explicitly modeling investment decisions (Clark et al. 1979), as this greatly simplifies 

the analysis.  

Similarly, considering an upward-sloping inverse supply function for workers is reasonable if 

employment alternatives are not the same for all (potential) workers in fishing industry. This will 

be the case, for example, if fishermen differ with respect to fishing skills. A simplifying 

assumption here is that the labor markets for fishermen and workers in fish processing are 

detached, such that the inverse supply for labor in fish processing (4) does not depend on labor 

input in the fishery and vice versa. This assumption greatly simplifies the analysis. While it 

should be kept in mind that for some fisheries this might be an over-simplification, it is beyond 

the scope of this paper to study the implications of a more integrated labor market, however. 

Specifically, we assume iso-elastic inverse supply functions,  
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( ) for labor and

( ) for capital.

w l l

r k k












        (11) 

with 0  , 0  , 0   and 0  .  

For given factor prices w  and r the cost function for effort production derived from the effort 

production function (10) will be linear in effort (because of constant returns to scale), and thus be 

proportional to ttH B   (cf. equation (9)). This shows again that a price-taking fishing firm will 

not make profits. However, in market equilibrium on the factor markets when inverse supply 

functions are imperfectly elastic (as assumed in (11)), the costs of effort production will not be 

linear in effort.  The reason is that higher harvest levels (or lower stock sizes) will lead to 

increased factor demands and hence higher factor prices. To derive the fishermen surplus, we will 

consider the cost function )( , ttC H B  that takes these market effects into account. In appendix B 

we show that this (equilibrium) cost function is given by 

( , )C H B c H B            (12) 

with 0c   and the exponents  

(1 ) (1 )
1

1 (1 )

(1 ) (1 )
0.

1 (1 )

 
   

  
   

 
 

  
 

 
  

         (13) 

We thus have the following result:  

Result 2 

With a harvesting function of the generalized Schaefer form (9), a Cobb-Douglas effort 

production function (10), and iso-elastic inverse supply functions for harvesting labor and capital 

(11), fishermen surplus FS, which consists of the worker and capital owner surpluses, is  

FS ( , ) ( , ) ( 1) 0.HC H B H C H B c H B             (14) 
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Fishermen surplus FS is increasing in H and decreasing in B . 

Results 1 and 2 imply that fisheries create welfare even if no resource rents accrue to anyone. 

However, under appropriate regulation, resource rents can be captured. As there are no profits in 

effort production, all profits in fishing industry can be interpreted as resource rents RR. RR, if 

there is any, is thus given by the difference between revenues and costs,  

1RR ( , ).t t tP H C H B           (15) 

Under conditions of open access, fishermen only take into account private harvesting costs and 

increase catches until marginal profits are zero, i.e. until the condition  

( , )HP C H B            (16) 

holds. In market equilibrium, we find, using (6) and (12),  

1
1

1

1

.oa

P H c H B

P
H B

c

 


 

  



 

 

  

 
  
 

         (17) 

Result 3 

With the specified functional forms, the open-access harvest level is given as the iso-elastic, 

monotonically increasing function of stock biomass (17).  

3. Quantitative Application: Eastern Baltic cod fishery 

Next we quantify the cost function (12) and the inverse demand function (6) for the case of the 

Eastern Baltic cod fishery. 

 

 cod landings 

[1000 tons] 

cod landings value 

[million EUR] 

total landings value 

[million EUR] 

variable costs 

[million EUR] 
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year Poland Sweden Poland Sweden Poland Sweden Poland Sweden 

2002  15.08  27.95  117.82  67.72 

2003  14.35  23.05  97.5  58.38 

2004 14.29 14.93 14.37 22.74 38.34 97.94 29.11 84.27 

2005 12.09 10.61 14.5 18.38 37.19 104.21 28.85 67.71 

2006 15.09 12.56 18.67 22.82 42.19 115.71 27.54 77.13 

2007 10.97 13.34 14.4 25.77 42.91 121.15 27.91 84.49 

2008 12.18 12.09 13.03 19.67 34.76 118.65 30.77 88.37 

2009 12.36 12.89 11.33 15.32 35.89 104.95 17.83 79.49 

2010 14.55 11.92 13.65 16.45 38.48 93.57 29.71 87.84 

Table 1 Cost and landings data for Swedish and Polish fleets from STECF. 

3.1  Cost function 

To estimate the parameters c ,  , and   of the cost function (12), we use data from STECF3 and 

from the latest ICES stock assessment report (ICES 2012). STEFC provides cost data for 

countries and fleet segments. We use data for the Swedish (available years 2002 – 2010) and 

Polish (available years 2004 – 2010) fleets, as both countries have a large share in the Baltic cod 

fishery and catch cod almost exclusively in the Baltic. We pool the data for the gear segments 

that comprise most of the catch: demersal trawl and demersal seiner, drift nets and fixed nets, 

passive gears, pelagic trawl and seiner. The data we use is presented in Table 1.  T 

Variable costs (last two columns in Table) are the sum of wages and salaries of crew, repair and 

maintenance costs, energy costs, other variable costs. Note that these are the variable cost for the 

entire fleet. To estimate variable costs for cod we adopt the approach of Kronbak (2005) and 

                                                            
3https://fishreg.jrc.ec.europa.eu/web/datadissemination 
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calculate the costs for cod by multiplying total variable costs (the sum of the last two columns in 

Table 1) with the value share of cod landings in total landings (the sum of the third and fourth 

columns divided by the sum of columns 5 and 6 in Table 1). Cod landings are the sum of cod 

landings from the Swedish and Polish fleets (sum of columns 2 and 3 in Table 1). Data on stock 

biomass and fishing mortality is taken from ICES (2012). 

 

 variable costs cod cod landings stock biomass fishing mortality 

year [million EUR] [1000 tons] [1000 tons]  

2002 15.44 15.08 140.46 1.0947 

2003 12.25 14.35 135.47 0.9526 

2004 29.06 29.22 129.88 1.4457 

2005 22.39 22.7 118.11 0.9534 

2006 26.99 27.65 147.48 0.7801 

2007 26.18 24.31 154.64 0.5397 

2008 28.43 24.26 183.97 0.2656 

2009 18.4 25.25 295.65 0.2625 

2010 23.91 26.47 333.15 0.2826 

Table 2 Data used to estimate the cost function (12). 

We estimate the parameters of (12) by taking the logarithm of (12) and estimating the following 

equation by means of ordinary least squares:  

ln( ) ln( ) ln( ) ln( )t t t tC c H B             (18) 

where tC  is taken from the second column of Table 2, tH  is from the third column of Table 2, 
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and tB  is from the fourth column of Table 2. We obtain the following regression results:   

ln( ) 0.61 95% confidence interval [ 1.26, 2.48]

1.14 95% confidence interval [0.66,1.62]

0.21 95% confidence interval [ 0.55,0.12]

c




 


  
     (19) 

 

3.2  Harvesting function 

Price data is available for cod from Fiskeridirektoratet (2010). The Danish prices apply for both 

Eastern Baltic and North Sea cod, which are landed in Denmark in about equal amounts. This 

makes it impossible to estimate a demand function for Baltic cod independent of North Sea cod 

from this data. 

We therefore adopt an indirect approach to estimate the parameters of the inverse demand 

function (6). We make use of the fact the Eastern Baltic cod stock was exploited under conditions 

close to open access until 2007 (Kronbak 2005, Quaas et al. 2012). Thus, we can safely assume 

that the open-access condition (17) held for this fishery until 2007. This harvesting function can 

be estimated by using data on stock biomass and harvest, which is available from the ICES 

(2012) stock assessment. We use data on harvest, i.e. landings plus discards, and total stock 

biomass from 1966 to 2006, i.e. the year before the management plan was implemented. 
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Figure 1 Catches and biomass for Eastern Baltic cod from ICES (2012). Estimated open-access harvest (dotted line) 
using data for 1966 – 2006 (crosses); in addition stock and harvest data for 2007 – 2011 (after introduction of 
management plan) are shown (circles). 

We take logs of (17) and estimate the following equation by means of ordinary least squares:  

1
1

ln( ) ln ln( )
1t t t

P
H B

c

   
  

  
      

       (20) 

where t  is an i.i.d. error term. We obtain the estimates  

1
1

ln 0.21 95% confidence interval [ 0.33,0.74]

0.81 95% confidence interval [0.72,0.90]
1

P

c

 




 

  
  

 


 

    (21) 
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Data and the resulting open-access harvest oa ( )tH B  are shown in Figure 1. 

Hence, using the above estimates (19) for c ,   and  , we obtain  

0.21
1 0.14 0.12

0.81

 


              (22) 

Furthermore, using c  and   from (19), we find  

1.14exp(0.61 0.21 (0.12 0.14)) 2.22.P            (23) 

 

3.3  Parameters of age-structured fish population model 

We consider eight age classes ( 8n  ), as in the standard stock assessment by the International 

Council for the Exploration of the Sea (ICES 2012). We parameterize the age-structured fish 

population using data from the ICES (2012) assessment report. For age-specific weights in stock 

sw  we use the values for 2011; also age-specific maturities s  are directly taken from the 

assessment report. The survival rates s are computed from natural mortalities. For the BAUF  

scenario we use the age-specific fishing mortalities averaged over the 5 years from 2002 to 2006. 

The age-specific parameter values are summarized in Table 3. T 

We assume a stock-recruitment function of the Ricker (1954) type,  

0 2/
0 1 0( ) .xx x e              (24) 

This stock-recruitment function has a peak at 0 2x  , and is decreasing for spawning stocks 

larger than 2 . Such a type of stock-recruitment relationship is an appropriate description of 

recruitment biology of cod (Cook et al. 1997), including Baltic cod. To estimate the parameters 

of the stock-recruitment function (24), we use data from ICES (2012) on spawning stock biomass 

and recruit numbers. ICES provides numbers of recruits at age 2. As we consider recruits of age 1 
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here, we set 1 1a  . 

Following Cool et al. (1997), we assume log-normal auto-correlated errors. Thus, we estimate the 

model 

2 0, 2 1 0, 2 2 1 1
ˆln( ) ln( ) ln( ) / with ,t t t t t t tx x x                   (25) 

where 2ˆ IIDN(0, )t  . We obtain 1ln( ) 0.53   (0.30) and 21/ 0.00182   (0.00082). For the 

parameters of (24) we thus use 1 1.70   and 2 549,000   tons. 

 

  age group 

parameter  1 2 3 4 5 6 7 8 

maturities 
s  0 0.13 0.36 0.83 0.94 0.96 0.96 0.98 

survival rates 
s  1 0.82 0.82 0.82 0.82 0.82 0.82 0.82 

weights [kg] 
sw  0 0.144 0.373 0.652 1.16 1.907 2.123 3.064 

fishing mortality 
BAU,sF  0 0.116 0.459 0.888 1.121 1.08 1.093 1.093 

Table 3 Parameter values for age-structured fish population model from ICES (2012). 

3.4  Discounting 

As we are interested in the present values of consumer and fishermen surpluses under the two 

different scenarios, the discount rate plays an important role. To obtain a realistic description of 

the actual behavior, which may be rather myopic, we use estimates obtained by experimental 

studies. Specifically, we use the estimate from Andersen et al. (2008, Table III), 0.101   with a 

standard error of 0.008 . Andersen et al. (2008) elicit risk and time preferences in lab experiments 

using subject from the adult Danish population. The estimate 0.101   is the one obtained when 

correcting for risk aversion. In the simulations, we vary the discount rate in the 95% confidence 
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interval, [0.0853,0.1167].  

4. Results: Windows of Opportunity for Sustainable Fishery 
Management 

We compare two scenarios (i) business-as-usual (BAU) management with age-specific fishing 

mortalities BAU,sF  as they prevailed in the Eastern Baltic cod fishery before the introduction of 

the management plan, and (ii) maximum-sustainable-yield (MSY) management, with a fishing 

mortality MSY 0.3F   for the older age groups. The age-composition of the catch is assumed to 

remain the same as with BAU management, i.e. we assume that the age-specific catchabilities are 

in the same proportions as in the BAUF  scenario. 

We start the simulations at 2005, the year with the minimum spawning stock biomass in the 

record. Figure 2 shows the historical development of the stock biomass and the development 

from 2005 onwards under the two simulation scenarios. 

Under the BAU scenario, the stock decline would have continued in 2006 – 2011 and would 

continue to decline thereafter. Under the MSY scenario, by contrast, the stock steadily increases 

from 2006 onwards, reaching a steady state at 812,000 tons within two decades. For the period 

2006 – 2011 with observations, the observed stock biomasses are close to those under the MSY 

scenario, although in the very recent years the stock increase is slightly below what one would 

have expected according to the simulation. 
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Figure 2 Development of Eastern Baltic cod spawning stock biomass. Historical data from ICES (2012); own 
simulations with FMSY and FBAU. 

 

Figure 3 shows the time paths of the resource rent (15), consumer surplus (8), and fishermen 

surplus (14). Resource rents in the BAU scenario are close to zero, reflecting a large degree of 

economic overfishing: Marginal profits are actually negative at these low stock sizes and still 

relatively high catches. Because of this, resource rents in the MSY scenario are higher than in the 

BAU scenario from the first year onwards. They finally reach steady-state levels of 46 million 

Euros per year. 

Consumer and fishermen surplus are, by coincidence, similar in absolute value in the BAU 

scenario. Both are initially considerably higher in the BAU scenario than in the MSY scenario.  
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Figure 3 Time paths of resource rents (RR, squares), consumer surplus (CS, circles), and fishermen surplus (FS, 
triangles) under the maximum-sustainable-yield management (MSY, filled symbols) and under business-as-usual 
management (BAU, open symbols). 

 

They gradually decrease over time in the BAU scenario, because of declining catches. As catches 

increase in the MSY scenario, both consumer and fishermen surplus increase over time. 

Fishermen surplus decreases less than consumer surplus, as increasing stock sizes tend to 

decrease fishermen surplus (14). 

After seven (eight) years, the current consumer surplus (fishermen surplus) under the MSY 

scenario exceeds the consumer surplus (fishermen surplus) under the BAU scenario. It takes nine 

years, however until the consumer surplus under the MSY scenario is higher than the initial 

consumer surplus under BAU, and more than ten years until the fishermen surplus is higher under 

MSY than initially in the BAU scenario.  
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The main question of this paper is how the present values of consumer and fishermen surpluses 

are affected by the introduction of MSY management in a situation of BAU management. For 

this sake, we will consider the net present values of switching from BAU to MSY management, 

i.e. the difference in present values of consumer and fishermen surplus in the two scenarios, 

starting at the same initial stock sizes. Using ˆ
tH  and ˆ

tB  to denote harvest and stock biomass 

under MSY management and tH  and tB  to denote harvest and stock biomass under BAU 

management, the net present value of consumer surplus is  

 0

0

11ˆNPVCS (1 ) .
1

t t
tt

t t

P H H 



 



  
       (26) 

Similarly, the net present value of fishermen surplus is  

 0

0

ˆ ˆNPVFS (1 ) ( 1) .t t
t tt t

t t

c H B H B   


 



          (27) 

 

To study how these net present depend on the initial situation, we consider a series of different 

initial conditions. First, we consider the initial stock sizes in 2005. Next, we assume that MSY 

management prevailed in 2005 and ask what the net present values of consumer and fishermen 

surpluses would be under the resulting new initial stock sizes in 2006. In this manner, we 

consider all stock sizes that result from MSY management (starting in 2005) as initial stock sizes. 

The maximum initial stock biomass we can consider in this way is the steady-state biomass 

812,000 tons reached with MSY management. 

 

The results of these calculations are shown in Figure 4. The figure shows the net present values 

of consumer surplus (circles) and fishermen surplus (triangles) as a function of the initial stock 

biomass.4 Clearly, the net present value of fishermen surplus is below the net present value of 

                                                            
4Strictly speaking, these present values depend not only on the stock biomass, but the exact age composition may 
matter as well. If we take other measures for the initial stock size (such as spawning stock biomass), the curves look 
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consumer surplus, which shows that consumers tend to prefer stock rebuilding (starting at low 

stock sizes) more strongly that fishermen. The reason is that fishermen surplus decreases with the 

stock size (at a given harvest quantity), while consumer surplus depends only on the harvest 

quantity. 

The dependency of net present values on the initial stock size is the most important result of this 

paper. For the very low stock size that prevailed in 2005, the net present values are both positive, 

although the present value of fishermen surplus is very close to zero for a discount rate at the 

upper limit of the confidence interval. This means that in a situation of severely depleted stocks 

all interest groups – fishermen, consumers, and owners of harvesting rights – are in favor of stock 

rebuilding. This is what we consider a ‘window of opportunity’ for fisheries management. 

Both curves are downward sloping. The net present value of fishermen surplus assumes negative 

values at initial stock sizes of about 190,000 tons or larger; while the net present value of 

consumer surplus assumes negative values for initial stock sizes of 410,000 tons or larger. These 

values are sensitive to the discount rate applied. For a discount rate at the lower end of the 

confidence interval considered, the net present value of fishermen surplus would be positive up to 

a stock size of 237,000 tons. The net present value of consumer surplus would turn negative 

already for an initial stock size of 311,000 tons for a discount rate at the upper end of the 

confidence interval, but only at an initial stock size of 560,000 tons if the discount rate was at the 

lower boundary of the confidence interval. 

Considering the reference discount rate 0.101   again, this implies that all interest groups are 

in favor of MSY management, compared to BAU, if the current stock size is below 190 thousand 

tons. For stock sizes between 190 and 410 thousand tons, consumers would still prefer MSY 

management, but fishermen would prefer BAU management. For stock sizes above 410 thousand 

tons, only owners of fishing rights, i.e. the individuals receiving the resource rents, are in favor of 

MSY management, compared to BAU. 

                                                                                                                                                                                                 
very similar, however. We have chosen stock biomass as the variable on the x-axis in Figure 4, as the stock biomass 
is also the variable considered in the cost function (12). 
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Figure 4 Differences in present values of consumer surplus (circles) and fishermen surplus (triangles) for 
management with given FMSY and FBAU, for varying initial spawning stock biomasses. The symbols show the 
results for the point estimate of the discount rate, 0.101  ; the shaded area gives the results for the 95% confidence 

interval of discount rates. 

5. Discussion and Conclusion 

In this paper we gave a contribution to the general discussion how sustainability politics might be 

possible. We focused on a particular case and have studied the question to what extent the 

Council is able to take on responsibility for the sustainable management of the fish stocks. Our 

main concern, thereby, was the perception of stock dynamics in order to realize is a ‘window of 

opportunity’ to overcome interest conflicts endangering possible sustainable policy measures. We 

have quantified the welfare of the different interest groups, measured in as consumer surplus, 
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capital owner surplus, and worker surplus, and compared the present values of welfare for two 

scenarios: a business-as-usual scenario with ongoing overfishing and a scenario with 

management that leads to the maximum sustainable yield. 

We find that at very low, overfished stock sizes, the present values of welfare for all interest 

groups considered – fishermen, workers in the processing industry and consumers – are higher 

under maximum-sustainable-yield (MSY) management than in the business as usual (BAU) 

overfishing scenario. For higher stock sizes, however, fishermen prefer BAU to MSY 

management. This is because fishermen surplus tends to decrease with the stock size, as less 

effort is needed to fish the same quantity at higher stock sizes. For still higher stock sizes, also 

consumers and workers in fish processing tend to prefer BAU, because they discount future 

consumption of fish. 

We find that low stock sizes provide a ‘window of opportunity’ for sustainable fishery 

management, as all interest groups unanimously prefer maximum-sustainable-yield management 

over the overfishing situation. A long-term commitment is needed, however, as with increasing 

stock sizes interests of fishermen and consumers may change and their present values of welfare 

would be higher when switching back to overfishing again. 

These results indicate that the decision to switch from BAU to MSY management is not time 

consistent: As the stock increases under MSY management, at some point in time the stock size 

will be reached where fishermen would prefer BAU over MSY management. If MSY 

management is maintained, after some time also consumer may prefer to switch back to BAU. 

The quantitative results for the Eastern Baltic cod fishery show that the stock size where the 

preferences of fishermen switches back to BAU may be reached quite soon. Also the 

corresponding stock size for consumers and workers in fish processing is not too far away. 

To reach a more sustainable fisheries management, it is therefore necessary to commit to the 

management. The long term management plan may be a first step in this direction. The (relatively 

near) future will show if it is sufficient to maintain sustainable fishery management also against 

the interests of workers and capital owners in fishing and fish processing. 
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We conclude that adequate institutions are needed that make sustainable fishery management 

more resistant against the temptations to increase catches to satisfy short-run desires of particular 

interest groups. Along the path of a more sustainable management, the relevant stocks will 

change, including employment of workers and capital in the fishery, and thus also status quo will 

be different than in the current situation. This may facilitate the transition towards a long-term 

sustainable fishery management for the Baltic cod and elsewhere. 

Appendix 

A Inverse demand for landed fish 

Using p  to denote the market price for fish products, the representative processing firm’s profit 

maximization problem is  

 1

,
max

H L
p a H L W L P H            (28) 

The first-order conditions read  

1(1 )

p Y P H

p Y W L L 



 



   
         (29) 

Consumers inverse demand function for fish products is  

( ) .p Y pY             (30) 

hus, in market equilibrium,  
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where  
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B Derivation of the cost function 

 

The cost minimization problem of the representative fisherman reads  

  1

,
min s.t. .

l k
wl r k H w k           (35) 

Using the Lagrangian  1L wl r k H w k      , the first-order conditions lead to  
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Rearranging,  
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Further rearranging leads to the factor demand functions  
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Using the inverse labor supply function and the inverse labor supply function (11) in (38) leads to  
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Thus,  
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The equilibrium cost function is  
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C Matlab simulation code 
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