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1. Introduction

Many debates on subsidies in fisheries have been occurred in the world and a few
studies potentially concluded that subsidies have allowed fishing efforts to increase,
which caused ultimately fish stocks to be declined and/or depleted. Therefore, in
order to stop the fish stocks declines they suggested that subsidies in fisheries
should be eliminated. However, as Expert Consultation Group (FAO, 2000) pointed
out, the explicit definition of fisheries subsidies has not been determined yet in spite
of its commonly uses in former studies. In addition, none of the commonly used
definitions of subsidies is adequate for a comprehensive analysis of subsidies’ effects

on trade and sustainability in fisheries and aquaculture.
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Defining subsidies in fisheries is important to understand the role of subsidies
in fisheries and should be made for a clear conclusion of the impacts of subsidies
on the sustainability of fish stocks. In the studies of FAO (1993, 2001) and World
Bank (1998), subsidies in fisheries were defined as the granting of money to an
individual or firm by the government and government financial transfers that
reduce costs and/or increase revenues of producers in the short-term. Therefore,
only direct financial transfer by the government was considered as a definition of
subsidies in fisheries.

However, according to the Expert Consultation Group (FAO, 2000), they had a
broad definition of subsidies in fisheries by dividing subsidies in fisheries into
four different sets.” Unlike defined by FAO and World Bank studies, subsidies in
fisheries were defined, as shown in Table 1, to be government’ s broad
interventions for correcting distortions in market and production. Similarly,
Schrank and Keithly (1999) defined subsidies in fisheries as a government action
(or inaction) that modifies (by increasing or decreasing) the potential profits
earned by the firm in the short-, medium-, or long-term. Based on those
definitions, subsidies in fisheries can be defined as government' s whole
activities affecting to market and production. As widely known, due to the
characteristics of the fisheries, the intervention of government is inevitable and
if the government’ s whole actions in fisheries are defined as subsidies, not only
financial transfer as defined in the studies by FAO and World Bank, but also
management and enforcement activities by government can be defined as

subsidies in fisheries.

1) Set 1 is government financial transfers that reduce costs and/or increase revenues of producers
in the short-term that is exactly the same definition as FAO and World Bank studies defined. It
includes grants to purchase vessels or to modernize vessels, income support payment and other.
This definition excludes government interventions that affect trade and the use of fisheries
resources. Set 2 is subsidies are any government interventions, regardless of whether they
involve financial transfers that reduce costs and/or increase revenues of producers in the short-
term. It includes tax waivers and deferrals, and insurance, loans and loan guarantees provided
by government. Set 3 is the short-term benefits to producers that result from the absence or lack
of interventions by government to correct distortions in production and markets that can
potentially affect fisheries resources and trade. This includes the implicit benefits to producers
associated with the lack of government regulations that would require producers to bear the
costs that they impose on other parties, including costs on the environment and natural
resources. Finally, Set 4 is subsidies are government interventions, or the absence of correcting
interventions, that affect the costs and/or revenues of producing and marketing fish and fish
products in the short-, medium-, or long-term.
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Table 1. Categories of Subsidies in Fisheries

Trade Sustainability

Cost Reducing Cost Reducing
Investment cost reductions Capital expansion
Input price reductions Labour cost reduction

Misc. cost reductions

Tax waivers & deferrals

Loans & insurance cost reductions
Market interventions Market interventions

Fisheries science and management

Revenue Enhancing Revenue Enhancing
Output price support
Compensation programs

Sales promotions Sales promotions
Equity infusions
Trade measures Trade measures
Miscellaneous/Unspecified Miscellaneous/Unspecified
Actions to reduce fishing effort Fishing capacity reduction programs
Management and regulatory actions Fisheries science & management

With the concept of subsidies in fisheries, the removal of subsidies in fisheries
ironically means the open access fishery where there are no regulations by
government. In order to achieve efficient fisheries, government actions
(=Subsidies) are necessary, various subsidies (= Government’'s Actions) should
be utilized depending upon the specific situation of the fisheries. As a result, the
subsidy can not be said ‘bad’ or ‘good’ itself. It depends upon the use of it in the
specific condition of fisheries. If a type of subsidy is necessary for a sustainable
fisheries development, it could be defined as a ‘good’ subsidy.

In addition to the definition of subsidies, the conclusions of the impacts of
subsidies in fisheries made by the former studies have many problems. By
simply comparing total fishing revenues and costs from the aspect of global scale
or in a few countries, they made a conclusion on the relationship between the
impacts of subsidies and the sustainability of fish stocks. More detailed
quantitative analysis must be done in order to analyze the effects of subsidies on
the fisheries resources.

This study is aimed at analyzing the impacts of subsidies on the sustainability
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of fish stocks using a dynamic bioeconomic modeling approach that was a
recommended approach for estimating impacts of a subsidy on the sustainability
of fish stocks by the Expert Consultation Grouper (FAO, 2000). Generally, so-
called ‘Green-lighting’ subsidies? have been accepted to help the fishing
industry to maintain a sustainable development. However, ‘Bad’ subsidies such
cost-reducing subsidies as transfer of funds, tax exemption, price and income
subsidies have been focused on the analysis of studies as a major problem. For
this reason, we considered primarily ‘Bad’ subsidies and investigated their
impacts on the sustainability of fish stocks.

Prior to the analysis, we have two tentative conclusions on the relationship
between subsidies in fisheries and the sustainability of fish stocks. It is the
decline of fish stocks has been derived not directly from fisheries subsidies, of
course partially it contributed, but primarily from ineffective fisheries
management and imperfect enforcement. The fisheries need interventions of
government for its unique characteristics as industry (common property) and
government implements fisheries management measures to regulate the
fisheries efficiently. Based on implemented management measures, the variety of
subsidies is utilized according to the condition of fisheries for a sustainable
development. In order to analyze the impacts of subsidies, most of all, the
operation of the implemented management measures must be analyzed on which
the impacts of subsidies on the sustainability of fish stocks could be investigated.

Therefore, the first tentative conclusion is that if there are perfect control of
effort and enforcement, subsidies do not have any negative impacts on the
sustainability of fish stocks. That is, the current depletion of fish stocks has been
primarily occurred by imperfect enforcement and inefficient management, not
wholly by subsidies. The second tentative conclusion is that the subsidy is not
good or bad itself. If the utiliz.ed subsidy is not fitting to the condition of
fisheries, it could be considered as a ‘bad’ subsidy. Under the perfect control of
fishing effort and enforcement, bad subsidies if necessary, on the contrary unlike

the former studies concluded, could improve the fishing business condition and

2) According to the former studies, subsidies that reduce the level of fishing effort such as buy-back
program, fishing permit repurchase scheme and subsidies that enhance the level of stock
biomass like fishing ground cleaning are defined as good subsidies.
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help to achieve a sustainable fisheries development. We first examined the
change of fisherman' s behavior when subsidies are supported and compared it to
the case where subsidies were not provided. Based on these fisherman’s
activities, we investigated the impacts of subsidies on the fish stocks under open
access. Without any control of fishing effort and enforcement, it was analyzed
how subsidies affect to the sustainability of fish stocks. Then, we analyzed the
impacts of subsidies under input control and output control, from which
relationships between subsidies, management measures, and the sustainability
of fish stocks were examined. More limitations in the former studies are
investigated in Chapter 2 and detailed model assumptions, data, model results

are explained in chapter 3.
II. Limitations in the former studies

Although detailed quantitative studies have not been done so far, a tentative
conclusion made by the former studies [FAO (1993, 2001), World Bank (1998)] is

that the subsidies in fisheries contributed directly to reductions in operating and
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Figure 1. The impacts of subsidies on the level of fishing effort and fish stock biomass
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capital costs and increases in revenues. Consequently, subsidies made the level
of fishing effort increase and substantially cause over-fishing and over-capacity
that are currently so common problems surrounding fisheries in the world.

That is, as shown in Figure 1, fishermen can expand the level of fishing effort
(E1—E,) due to the reduced operating and capital costs (TC,—TC;) or they can
increase the level of fishing effort from E1 to E3 due to the increased revenues
(TR,—TR:) by subsidies. As a result, the fish stock would be decreased from X; to
X, and X, to X3, respectively.

In order to analyze the impacts of fisheries subsidies on the level of fishing
effort and fish stock biomass, the former studies simply compared the global
revenues and costs in the world fisheries. The world’ s 3 million fishing vessels
incurred total operating costs of $99.2 billion and gross fishing revenues
amounted to $70 billion. $22 billion were less than operating costs, therefore in
their conclusion, this difference was assumed the amount of subsidies
transferred directly from government, which mainly caused the fish stocks to be
declined or depleted.

As Milazzo (1998) pointed out, FAO' s work in 1992 and 1993 had a powerful
impact on the problem of fisheries subsidies in the world. Its broad conclusions
were widely accepted and many commentators assumed that the huge losses
must have been covered by subsidies. However, the analysis of FAO on global
fishing revenues and costs should be interpreted with a care. As Milazzo
mentioned already, FAO studies didn't define, categorize, or analyze the
subsidies per se, but, simply inferrec them from their study of global and
revenues. Furthermore, although Milazzo himself distinguished his study from
FAO studies by examining the specific types of subsidies utilized by each country,
he also had a jump in the logic in the analysis of subsidies as much as FAO did.
This is because he just showed that subsidies in fisheries account approximately
by 20% to 25% of the sector revenues that caused overfishing and overcapacity
problems. He loosely showed the amount of subsidies used in each country, but
he didn’ t consider the specific fisheries situations that a country faced. In
addition, he failed to find a significant relationship between the specific
condition of fisheries and the utilization of subsidies in a country. Moreover, he

could not demonstrate the impacts of fisheries subsidies on the sustainability of
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fish stocks quantitatively as well.

Judging the impacts of subsidies in fisheries by global fishing revenues and
costs has many controversial problems. Because it does not consider the specific
fisheries situations that a country has. Different fishing conditions in every
country will clearly alter the impacts of fisheries subsidies on the fishermen and
fish stocks, even with the same contents of subsidies®. As widely known, the step
of fisheries development of a country, the characteristics of fishermen, and the
market structure vary in every country as much as physical ocean structures are
different.

The primary problem or controversial assumption the former studies had is
that they assumed that the global fisheries were homogeneous and so-called
‘bad’ subsidies would have the same impacts on the level of fishing effort and
the sustainability of fish stocks. What is worse, they didn’ t include the
importance of fisheries management regulations and enforcement when
considering the impacts of subsidies on the fish stocks.

The fisheries, due to its unique characteristics as industry (commeon property),
are managed by government and are regulated with a variety of management
measures. Depending upon what measures are implemented, the impacts of
subsidies on the fish stocks might be occurred differently. Therefore, most of all,
the effects of management measures and enforcement on the level of fish stocks
should be analyzed on which the roles and impacts of subsidies must be

evaluated.
. The impacts of subsidies on the sustainability of fish stocks

1. The relationship between subsidies and fisherman’s fishing

activity
Assume vessels are homogeneous and that fishing activities occur over a

3)In the case of Korea, most of fishermen use fishing loans for vessel building and they keep
fishing activities even when they have negative profits that would occurred from reduced
revenues by declines in fish stocks and increased costs. It is because even if they want to leave
the fishery, they have limited mobility and lack of alternative employment and also because
there are no alternative productive uses for vessels, once the vessel are built, they have no
choice but keep fishing. This phenomenon surrounding on fisheries in almost countries might
make global fishing costs exceed revenues statistically.
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season of at most DMAX days. Let a vessel s trip harvest function for fishing
effort, h(e), be

h(e)=q-e-X | 1)

Where, q is the catchability coefficient, X is the stock biomass, and e is the
level of fishing effort (fishing days per trip). In addition, let the vessel s trip
variable cost function for fishing effort, C(e), be as assumed by Anderson (2002)
and Clark(1980),

VC(e) =at+b-e+c-é€? 2)

Then the marginal and average trip variable cost functions for fishing effort

becomes as follows:
AVC (e) = ale+b+c-e (3)
MC(e) =b+2-c-e (4)

From the trip harvest function and variable cost function, a trip profit function

(n) is:

n(e,X)=p - h(e) - VC(e)
=p-q-e-X—-(a+b-e+c-e) (5)

Where, p is a price of fish. Trip profits are maximized when the first derivative

of profit function for fishing effort (e) is equal to zero as the following:

g—g=p-q-X—(b+2-c-e)=0 (6)

et=P 4" X-b
2-c
And fisherman’ s season profit function is:

Me, T,X)=T - n (e,X)-FC (7

Where, T is the number of trips over the season (Duax) and FC is an annual

fixed cost.
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In order to analyze the vessel dynamics, we used the entry/exit coefficient (1)
assuming that the speed of entry and exit of vessels is proportionate to season

profits (I1). If N is the number of vessels, then,

aN ®

In addition, the seasonal number of trips (T) is calculated as:

e*

When the stock biomass is X, marginal revenue (MR) equals p - q - X and vessel
employs the level of effort, e* if p - q - X ) r, otherwise e=0. In other words, a

fisherman maximizes the trip profit (n), using fishing days per trip, e* given by

e=e* ifp-q-XOr (10)
e=0 ifp-q-X{n

Where, r denotes the minimum average cost.
With cost-reducing subsidies such as labor cost reduction, miscellaneous cost
reduction, and loans & insurance cost reduction, a fisherman changes his fishing

activity. If the cost-reducing subsidy is @, the price-increasing subsidy is ¥, and

MC
' MC(e
MR (=) AVC(e)

prgX

T

*

et e Effort (&)

Figure 2. The determination of the optimal level of fishing effort, e*

-125-



Lee, Sang-Go - Kim, Do-Hoon

the subsidy such direct transfer of funds for shipbuilding is f, the total trip

variable cost for fishing effort can be of the form:
VC(e)={a+b-e+c-e:a 1

Where, a is the effect of cost-reducing subsidies, therefore o { 1*. And fixed cost

can be also expressed as follows:
FC=FC-p (12)

Where, 3 is the impact of the subsidy for shipbuilding and < 1. cConsequently,

the trip cost function with subsidies can be of the form:

me,X)=[p- Y - hle)-[VC(e)] - a
=p-A-q-e-X-[(a+b-e+c-e) - ad (13)

Where, p is a price of fish and 7is the effect of price-increasing subsidy (y>1).
Trip profits are maximized where the first derivative of the profit function for

fishing effort (e) is equal to zero. That is,

O pA-q-X—la-(b+2-c-e)=0

de
esus™ = [pﬂzcha_ab (14)

And the fisherman’ s season profit function is:
e, T,X)=T - (e, X)-FC - B8 (15)

Where, T is the number of trips over the season (Duax), FC is an annual fixed
cost, and f is the effect of the subsidy such as shipbuilding. Consequently, the
seasonal number of trips (Tsus) is-

Dyax (16)

TSUB =
€sup*

Because the level of fishing effort (fishing days per trip), esus*, with subsidies

4) Of course, it can be possibly a> 1 with the subsidies for fisheries management. However, as
mentioned previously, this study focuses mainly on the effect of cost-reducing subsidies ( ‘bad’
subsidies). Therefore, a is assumed to less than 1.
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Figure 3. The determination of an optimal level of fishing efforts by different type of
subsidies

(cost-reducing and price-increase subsidy) is greater than the level of fishing
effort, e*, in the case of no subsidies, the number of trips, Tsus is smaller than the
number of trips, T.

As shown in Figure 3, a fisherman can increase the level of fishing effort from e,*
to ex* given the level of MR, due to the lowered costs by subsidies. Even when MR
decreases (MR,—MRy), a fisherman can continue fishing activities with cost-
reducing subsidies and the optimal level of fishing effort become e;*. However a
fisherman can’ t continue fishing without subsidies (p - q - X { r). If price-increasing
subsidies are s supported, the marginal revenue curve becomes MR3‘ and the level of
fishing effort increases from el* to e,* when cost-reducing subsidies do not exist. If
both cost-reducing subsidies and price-increasing subsidies are provided, the level of

fishing effort further could increases from e,* to e5*.

2. The impacts of subsidies on fish stock under open access

Under open access, fishermen have no right to exclude others from harvesting
any fisheries resources. As Gordon (1954) pointed out, if the profits are generated
from the fishery, additional vessels would enter, however total fishing efforts would

be determined finally at the point where total revenue is equal to total cost. As
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analyzed in the relationship between subsidies and fisherman'’ s fishing activity,
the level of fishing effort (fishing days) per trip (e*) when there are no subsidies is
determined as indicated in Equation (6). In addition, the level of fishing effort
(fishing days) per trip (esys*) when there are subsidies is equaled to Equation (14).
Assuming the fish stock occurs between seasons according to the function of
the growth, G(X), the fish stock decreases over the fishing season in response to
the amount of catch, whereas increases over the season as the amount of growth
increases. Therefore, the beginning fish stock size (X;.+:) in t+ 1 year can be

expressed as follows:
X+1=X,~N - T - hi(e,X)) + G(X,) amn

Where, N is the number of vessels, T is the number of trips, h (e,X,) is a trip
harvest function per vessel, and G(X,) is the growth function in year t. Following

a Schaefer growth function, G(X) is of the form:

c0=r-X-(1-%) (18)

Where r is the intrinsic rate of growth and K is the carrying capacity. The data

used in the dynamic bioeconomic model are summarized in Table 2.

Table 2. Functions and Data used in the model and Different level of Subsidies Scenarios

Functions and Data

Biological formulas and data GX)=r - X - (1-X/K)
r=0.21, K= 300,000, X, = 100,000
Trip production function and data h(eX)=q-e-X
q=0.00007, Dyax=50
Economic data TVC(e)=a+b-e+c- e’
a=1,b=3,¢c=3
FC =$700, price =$5
Dynamic vessel entry/exit dN/dt=n-T1

N0 =50, n=0.01

Subsidies Scenarios

Scenario A : The case with no subsidies

Scenario B : The case with relatively small cost-reducing subsidies (¢=0.8 and (8=0.7)

Scenario C : The case with relatively large cost-reducing subsidies (¢=0.8 and (§=0.3)

Scenario D : The case with both large cost-reducing subsidies (2=0.8 and (8=0.7) and
price-increasing subsidies (y= 1.2)
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Figure 4. The change in fish stock biomass by different level of subsidies

The dynamics of fishermen’ s activities and fish stock are that the change of
fishing effort per trip is a function of marginal revenue and marginal cost, the
change of number of vessels is a function of the seasonal fishing profits
generated over the previous year. In addition, the change of fish stock is a
function of the amount of catch and natural growth rate. Figure 4 shows the
impacts of subsidies on the change of fish stocks during a 20-year period under
open access, respectively.

Model results indicate that the fish stock biomass is estimated at 84,361 in the
case of A, 42,167 in the case B, 13,201 in the case C and 8,198 in the case of D
after a 20-year period. Besides, the number of vessels is 36 vessels in the case
with no subsidies (A), 49 vessels in the case with relatively small cost-reducing
subsidies (B), 76 vessels in the case with relatively large cost-reducing subsidies
(C), and 81 vessels in the case with both large cost-reducing subsidies and price-
increasing subsidies (D) after a 20-year period. It is surely confirmed that with
supports of subsidies, the fishing effort could be increased and the fish stoek
biomass could be reduced.

In summary, under open access, the model result showed exactly the same as
the former studies concluded tentatively. Such subsidies as cost-reducing and
price-increasing subsidies cause the level of fishing efforts to increase, as a result
the fish stock would be decreased and/or depleted. However, the fisheries in the

world are commonly regulated with a variety of fisheries management measures

~129 -



Lee, Sang-Go - Kim, Do-Hoon

such as largely input control and output control. As mentioned before, we have a
tentative conclusion that the depletion of fish stocks has been primarily caused
by the ineffective management and enforcement, not wholly by the subsidies. In
order to prove this tentative theory, we ran more models to analyze the impacts
of subsidies on the sustainability of fish stocks under the input and output
control respectively. Specifically, a limited license regulation as the most typical
one in input control and a TAC regulation as a representative of out put control

are considered in the analysis.

3. The impacts of fisheries subsidies on the sustainability of fish

stock under input control

Under the limited license regulation, the number of vessels is determined at a
certain number of vessels and fishermen can harvest during the maximum
season length (Dmax). As analyzed previously, the level of fishing efforts (fishing
days) per trip (e*) and the number of trips (T) with no subsidies are determined
as Equation (6). And the level of fishing effort (fishing days) per trip (esys*) and
the number of trips (Tsys) with subsidies are as indicated in Equation (14) and
(16), respectively.

Because the level of fishing efforts (fishing days per trip), esus®, with subsidies
(cost-reducing and/or price-increasing subsidy) is greater than the level of fishing
effort with no subsidies, e*. As a result, the number of trips, TSUB is smaller
than the number of trips, T, given the season length (Dmax). In the model

analysis, 28 vessels are determined under the limited license regulation in order

180,000
Target Stock Biomass (Bumsy )= 150,000

P
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Figure 5. The change in the fish stocks under input control
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Figure 6. The change in profits per vessel by different level of cost-reducing subsidies

to achieve a target stock biomass (Busy : 150,000) given the current level of stock
biomass in a 20-year period. Figure 5 shows the change in fish stock biomass
over time. If there were perfect control of fishing effort and enforcement, the
change of fish stock is nothing to do with supports of subsidies and a target stock
biomass can be achieved under any case.

Fishermen can increase their fishing efforts (fishing days) per trip with
subsidies. However the number of trips over the season decreases due to the
season length (Daax) under the perfect control of fishing effort and enforcement.
That is, the total fishing efforts are the same under any case when with
subsidies and with no subsidies if there were perfect enforcement. Subsidies
could make fisherman’s income increase as shown in Figure 6. As the amount
of subsidies increase, fishing profits increase as well. As a conclusion, subsidies
would help fishermen to maintain viable fishing activities, especially when
fishermen are at the subsistence level without adverse impacts on the fish
stock.

Subsidies could be seemed to cause directly the fish stock to decline as the
former studies concluded. However this is only when there is imperfect
enforcement. If there were perfect control of fishing effort and enforcement, the
subsidies do not cause the decline of fish stock. On the contrary, subsidies could

improve the condition of fisherman’ s fishing activity.
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4. The impacts of subsidies on fish stock under output control

To analyze the relationship between management regulations and the
subsidies on the sustainability of fish stocks, let’ s analyze the impacts of
subsidies on the sustainability of fish stock under output control. The impacts of
subsidies were investigated under Total allowable Catch (TAC) regulation. For a
more realistic analysis, the annual variable target TAC to achieve a target stock
biomass (Busy) in a 20-year period was included in the model analysis. Following
Hilborn and Walters (2001), an annual target TAC was assumed to be a linear

function of the biomass over rebuilding period as follows:
TACt=a+b . Xg_lv (19)

Here, if Xi_1 > Xmin(=a/b), a + b - X;_,, otherwise, TAC is determined at zero.
Therefore, the target stock biomass given population dynamics and TAC rule can
be expressed as Figure 7. The TAC rule is assumed to be TAC = - 22,394 + 0.253 -
X and the target stock biomass at the level of MSY given the growth function and
the TAC rule is estimated to be 150,000” and Xmin is equal to 89,576.

Under TAC regulation, the level of fishing efforts (fishing days) per trip (e*)

and the number of trips (T) with no subsidies are as follows:

30,000 ~
25,000 S
20,000 ~

15,000 -

G(X), TAC

10,000 -

5,000 -

U, A
Il 200000 300000
(5,000) - Target Stock size

=150,000 Stock (X)

T T 7

T 1

Figure 7. A Target Stock Biomass and the TAC rule

5) The target stock size is determined at the point where the growth function is equal to the TAC
rule. In other words, Target stock size (X*) is that G(X)=TAC rule (a+b - X).
Therefore, X*=(r-b)+/(b-r)4-a -r/K/2-r/K
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e*z_lz;%i;b, (20)
- C
_ TAC,

On the contrary, the level of fishing efforts (fishing days) per trip (esys*) and

the number of trips (Tsys) with subsidies are:

esus™ = bp - }’]2 ?C' .Xa_a b (22)
TAC,
TSUB_ esus’ g - X . N (23)

Because the level of fishing efforts (fishing days per trip), esus™®, with subsidies
is greater than the level of fishing efforts with no subsidies, e*, the number of
trips, TSUB is smaller than the number of trips, T, given an annual target TAC
(TAC,).

If there were perfect control of fishing efforts and enforcement, the fishing
profits in the fishery would increase as the fish stocks increase. Consequently,
additional vessels would enter the fishery at the rate of entry/exit coefficient
assumed 1n this model.

Figure 8 shows the change in fish stock over time under the TAC regulation. If
there were perfect control of fishing effort and enforcement, the fish stock

increases over time to a target stock size regardless of the amount of subsidies.
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Figure 8. The change in fish stock over time under the TAC regulation
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Figure 9. The change in the number of vessels by different level of subsidies under
output control (TAC)

In other words, the fishing efforts per trip increase as the amount of subsidies
increases, however the number of trips decrease to achieve an annual target TAC
under the perfect enforcement. As a result, the target stocks biomass could be
achieved regardless of the amount of subsidies. Figure 9 indicates the change in
the number of vessels by different level of subsidies under the TAC regulation.

The number of vessels increase over time due to the increase in the stock
biomass. Whereas the amount of subsidies increases, the more vessels could
enter the fishery due to the reduced fixed cost and operating costs, and the
increased price by subsidies as shown in Figure 9. As same as analyzed in input
control, subsidies do not have any negative impacts on the sustainability of fish
stocks. Instead, it makes the fisherman’ s fishing profits increase and make more
vessels enter the fishery, which could increase the opportunity of employment if
there were perfect control of fishing efforts and enforcement.”

6) Under the 1 management regulation, a fisherman can have a quota share (= Tg(” yand he can
¢

decide his own fishing activity with an allocated quota. If there were perfect control of fishing
effort and enforcement, the stock biomass will increase to the target stock biomass as exactly the
same as the result of TAC regardless of the amount of subsidies. However, the subsidies could
help small-scale fishermen to maintain their fishing activities under 1Q. One of shortcomings of
1Q is that if the average variable cost is greater than the marginal revenue from a distributed
gquota, a fisherman can not continue to harvest. As a result, this might cause small-scale
fishermen to leave the fishery. But, fishermen could maintain fishing activities soundly with
subsidies. On the contrary, it will help fishermen’ s fishing activities to be viable and stable, and
ultimately it can also lead to develop sustainable fisheries.
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Fishermen might seek to increase avoidance fishing activities to maximize
fishing profits under the fisheries regulations. If there were no perfect
enforcement, fishermen would expand their level of fishing efforts, which
prevents the management goal from achieving a target stock biomass. In
addition, as the amount of subsidies increases, the stock biomass becomes much
lower by making fishermen increase fishing efforts further. In conclusion,
subsidies have negative impacts on the sustainability only if there are no perfect

control of fishing effort and enforcement.
V. Summary and Conclusion

The studies investigating impacts of fisheries subsidies on the sustainability of
fish stocks so far tentatively concluded that the subsidy like cost-reducing and
revenue-increasing subsidies would lead the level of fishing efforts to increase.
That might mainly cause the fish stock to decline and/or deplete by loosely
comparing global fishing revenues and costs. However, they didn’ t consider the
characteristic of fisheries environment in a country such as the characteristic of
fishermen and the steps of development of fisheries economy, just assumed that
the condition of fisheries in the world are homogeneous. In addition, they failed
to consider the relationship between the subsidies and the fisheries management
regulations in analyzing the impacts of subsidies on fish stock. They didn’t
consider the operation of fisheries management regulation for sustainability of
fish stocks, they attributed the depletion of fish stock directly to subsidies.

We have analyzed the impacts of fisheries subsidies on the sustainability of
fish stocks under the open access, input control, and output control with
assumption that declines of fish stocks have been derived not directly from
subsidies, but primarily from ineffective fisheries management and imperfect
enforcement. According to results, fishermen could expand fishing efforts with a
support of subsidies in the case of open access. It surely caused negative impacts
on the sustainability of fish stocks. What is worse, as the amount of subsidies
increased, the fish stocks were declined more seriously as the former studies of
fisheries subsidy concluded. However, if there were perfect control in fishing

efforts and enforcement under the management regulations, the fish stocks were
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not affected by subsidies. That is, the conclusion of former studies is true only
there are imperfect control of fishing effort and enforcement under management
regulations and under open access. On the contrary, subsidies could allow
fisherman’ s income and the number of employment to increase depending upon
occasions.

In conclusion, the subsidies- especially ‘bad’ subsidies - do not directly cause
the stock biomass to decline unlike the former studies concluded. When ‘bad’
subsidies are provided properly and necessarily in response to the condition of
fishing industry and the characteristics of fishermen, it can have positive

impacts on fishing income without having any adverse impact on fish stocks.
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