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Abstract Our goal in this paper is to estimate the total output in an economy that is
currently dependent (at least partially) on current fisheries output. We therefore applied
the Leontief technological coefficients at current production and then estimate total
output supported throughout the economy at the current level of production. Estimates
of gross revenue from capture fisheries suggest that the direct value of output for this
sector is US $80–85 billion annually (Sumaila et al., Journal of Bioeconomics 9(1):39–
51, 2007; Willmann et al., The Sunken Billions, World Bank, FAO, Washington DC,
Rome, 2009). However, as a primary or a potential economic base industry, there are
a vast number of secondary economic activities—from boat building to international
transport—that are supported by world fisheries, yet these related activities are rarely
considered when evaluating the economic impact of fisheries. This study applies an
input–output methodology to estimate the total direct, indirect, and induced impact
of marine capture fisheries on the world economy. While results suggest that there is
a great deal of variation in fishing output multipliers between regions and countries,
when we apply the output multipliers to the capture fisheries sector at the global level,
we find that significant indirect and induced effects place the impact of this sector
to world output nearly three times larger than the value of landings at first sale, at
between US $225 and 240 billion per year.
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1 Introduction

An economy, much like an ecosystem, is composed of many economic actors, each
with different abilities performing different, and many times, complementary roles.
Each economic actor consumes certain goods while at the same time producing others.
Furthermore, just as one can organize the organisms in marine ecosystems by phylum,
class and lower taxa, we can decompose an economy into groups that allow us to
investigate these parts so to gain meaningful insights into the wider economy and how
agents function within it.

Once one divides the economy into several parts, we can begin to understand some-
thing about how these sectors operate, the agents who contribute to that industry and
its eventual outputs. Fishing is one such industry that we may try to understand in this
manner and forms the focus of this paper. A great deal of the inputs for the fishing
sector come from natural resources, however, the industry also relies upon products
from manufacturing (boats and netting), as well as many others like agriculture and
management services. Clearly, changes to the fishing sector will affect many other
sectors whose output is used as an input in the fishing sector, which should make
many people outside of the fishing industry interested in fisheries inputs.

A second item that may interest us when investigating the fishing sector is the
final destination for the outputs of this industry. It is clear that the vast majority of
outputs from the fishing sector will find their way to the dinner table, but the path
taken by output of the fishing sector before it reaches this destination can be very
important. Some fish are sold directly to the consumer while others may be sold to
an intermediary who combines the fish with other inputs to produce something that is
then purchased by consumers as a different product. Since we are interested in both
the inputs and outputs of the marine fishing sector, we can gain much more from
considering these items simultaneously rather than separately. Input–output analysis
allows us the unique ability to do just this and, as is shown later, we use the results of
this analysis to determine the full economic impact of marine capture fisheries in the
global economy.

The objective of this paper is modest—to apply the Leontief technological coeffi-
cients at current production and then estimate total output supported throughout the
economy at the current level of production. While we recognize that the non-linearity
of fisheries production could cause problems when doing predictions at various levels
of production, we do not think that this is an issue when analyzing the impact of cur-
rent production. It should be noted that we do not study the situation of zero fisheries
production in this paper. The question we address is ‘What is the total current impact
of the fisheries sector at current production?’

A short background to input–output analysis as it relates to the fisheries sector is
briefly discussed before describing the data and methods used in this study. Next,
we summarize the results of an input–output analysis of the marine capture fisheries
sector for the world’s coastal nations. This is followed by some comments that aim
to put these national results into a global context. At this stage, results are used in
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combination with landed value as reported by the Sea Around Us Project1 to cal-
culate the total economic impact of fisheries to world output. Some concluding re-
marks close the paper with an outline for future fisheries studies using an input–output
methodology.

2 Background

As a primary industry, fishing is the beginning of a productive value chain for many
nations. Generally, primary industries are activities focusing on extracting or process-
ing natural resources such as energy, minerals, and in this case food, for use elsewhere
in the economy. This definition of primary industry allows for little value to be created
through the direct extraction of natural resources. In fact, for many nations, the fish-
ing industry contributes a relatively small amount to gross domestic product or value
added with the majority reporting contributions less than 1% of GDP.

However, despite its disposition in relation to other sectors, the fishing industry
remains an important one for policy makers; especially in developing and resource
rich regions. When fisheries output is combined with other sectors dependent on ocean
resources its total impact on the economy can be much greater (Pontecorvo et al. 1980).
Furthermore, although the fishing sector’s share of national output for many devel-
oping nations ranges between 0.5 and 2.5%, the industry may support much greater
output through ‘trickle-up’ linkages in the economy (Béné et al. 2007).

The economic multiplier is used in fisheries research to emphasize that the industry
has many linkages throughout the economy. Such multipliers are a factor by which
we can multiply the value of final demand for an economic activity’s output to obtain
its total contribution to economic output including activities directly and indirectly
dependent on it. Therefore, the importance of this industry to the economy may be
understated when considering only the direct values obtained through the usual method
of national accounts. The amount normally cited when considering the total production
of the fisheries sector (referred to as ‘Landed Value’—Sumaila et al. 2007; Willmann
et al. 2009) is the value of fish when they change hands for the first time after leaving
the boat. This is the direct economic value of fisheries sector output and is considered
as the starting point for total economic impact in input–output analysis.

It is only in rare occasions that the value chain for fish ends immediately after
landing such as in the case of subsistence fishing, where fish is usually caught for
own consumption. Rather, fish are sold to markets where they are again re-sold to
consumers or an intermediary will purchase larger quantities for processing; these
products will later make their way to the dinner table. Each time a fish changes hands,
it is combined with other goods, be it tin for canning or the management services of
someone involved in retail distribution. At each link in this value chain, a portion of the
value of output from each sector can be traced back to capture fisheries, with this share
decreasing the further down the chain it goes. In this way, we can follow a fish through
the chain of production to reveal that a great deal of economic activity is supported by
capture fisheries. Such economic impacts are referred to as the ‘downstream effects’ of

1 http://www.seaaroundus.org/.
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fisheries and can occur in many sectors ranging from agriculture and forestry through
to manufacturing and financial services.

Recognizing that indirect economic effects can be very important, researchers have
adopted approaches to account for these effects in some of the fisheries literature.
A considerable amount of this previous work using economic impact methodology
has been done for the USA (e.g. Seung and Waters 2006). Several methods used in
such studies to analyze the economic impacts of fishing including input–output mod-
eling, social accounting matrix (SAM) modeling, econometric input–output (EC-IO)
modeling, fisheries economic assessment models (FEAM), and computable general
equilibrium (CGE) models. Each of these techniques has its merits and demerits, which
have been discussed in the literature at length (Loveridge 2004; Radtke et al. 2004).

Of these models, the input–output technique is well used in the study of fisheries,
likely due to the relative ease of computation and accessibility of results (Leung and
Pooley 2001; Hoagland et al. 2005; Bhat and Bhatta 2006). Results from an input–
output study can be used to predict the outcome of a marginal change in demand for
a particular good. These results from an input–output study can also be easily inter-
preted and used in a practical manner. For example, results from a study concerning
the Hawaiian longline fleet reveals that a reduction in the value of the fleet’s output of
$43.88 million would translate to a total negative economic impact of $72.58 million;
more than 65% greater than the direct impact to the longline sector alone (Leung and
Pooley 2001).

3 Methodology and data

3.1 Overview of methods

The method developed by Nobel Laureate, Wassily Leontief, known as input–output
analysis, is a tried and tested approach to analyzing the structure of the economy. Begin-
ning as early as the late 1940s, Leontief used his method in a number of applications,
including the well-known analyses of the potential economic impact of disarmament
for the United States of America and tests of the Heckscher-Ohlin theory now known
as the ‘Leontief Paradox’ (Leontief 1953; Leontief et al. 1965). The definitive source
on input–output methodology, his book on the subject is a collection of his earlier
works and serves as an excellent foundation for using input–output analysis (Leontief
1966). There are, however, several additional sources for readers who are interested
in the methodology as applied to fisheries (Heen 1989; Leung and Pooley 2001; Jin
et al. 2003; Hoagland et al. 2005; Roy et al. 2009).

Input–output analysis uses inter-industry transaction data to compute a technical
coefficient matrix, A, which is composed of entries ai, j summarizing the output from
industry i required to produce a unit of output for industry j. We compute this technical
coefficient matrix for every maritime country of the world, expressing the economy
of each country as a system of linear equations summarized by the equation:

Ax + d = x (1)
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where A is the matrix of technical coefficients describing input requirements for each
sector, x is a vector of sector inputs, and d is a vector of final demand. The above equa-
tion then simply states that the sum of intermediate demand (Ax) and final demand
(d) is equal to supply (x). It is then a simple problem of linear algebra to solve for the
vector of inputs (x) required to satisfy a given final demand vector (d) using I as the
identity matrix. This solution is expressed as:

x = [I − A]−1 d (2)

We note that the vector x represents total output supported by the demand vector d. It
is important to keep this measure of economic activity separate from other measures
such as value-added, which subtracts the value of inputs from the value of output. It is
worth noting that it is not appropriate to make comparisons between estimates using
input–output analysis and measures of value-added such as GDP.

3.2 Type I & II output multipliers

Given the solution in Eq. 2 above, we calculate the change in output with respect to
final demand. To do this, we take a partial derivative of Eq. 2 with respect to final
demand (d):

δx
δd

= [I − A]−1 (3)

Equation 3 describes a new relationship that proves to be very useful in macro-eco-
nomic analysis. The right hand side of this equation, [I − A]−1, is also denoted as
L since it is commonly called the Leontief inverse or multiplier matrix. This square
matrix is of interest because each entry (denoted li, j ) describes the marginal inputs
required from sector i when the output of sector j increases by one unit.

We calculate industry multipliers by computing the column sum of the Leontief
inverse matrix L as:

M =
N∑

i=1

li, j

where M is a row vector of Type I industry output multipliers. Each entry, M j , in this
row vector is an output multiplier that allows us to compute the direct and indirect
output required to support a unit of output for industry j. For example, in a sector
with a multiplier of 1.5, we would estimate that $100 in final demand from this sector
supports $150 of activity throughout the economy.

As we have shown, for a given economy with n industries, one calculates the Leon-
tief inverse using a n × n technical coefficients matrix as described above. Multipliers
calculated in this way account for the direct and indirect output supported by a given
industry. In addition to these multipliers, often called Type I, a second set of multipli-
ers, called Type II may also be calculated. The advantage to using Type II multipliers is
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that they account for indirect as well as induced effects that occur. For example, when
additional demand for a given sector increases, household incomes induce demand
for additional output. With Type I multipliers, household consumption is part of the
final demand sector, and therefore assumed to be exogenous; with Type II multipliers,
we treat household consumption as endogenous by adding it as an additional inter-
mediate sector in the technical coefficients matrix A. When computing Type II output
multipliers, a technical coefficients matrix with endogenous households will be n + 1
by n + 1 in dimension. Summing the multiplier matrix L over n output sectors will
produce Type II output multipliers that include the induced effect of endogenizing
households without confusing output and income, which would occur if we added the
last row of the multiplier matrix—also known as the income effect.

It should be mentioned that input–output analysis is not without criticism (Christ
1955). It is well noted that input–output analysis relies on the stability of technical
coefficients, which may not hold when used in forecasting situations that are greatly
different than described by the respective input–output table used. Furthermore, input–
output analysis is fairly data intensive—a factor that can be problematic when studying
regions with scattered high quality data sources. These caveats aside, we believe that
input–output analysis is well-suited to the research questions of this study.

3.3 Income multipliers

In addition to output multipliers that estimate the impact on output resulting from an
exogenous change to final demand, one can use the Leontief inverse matrix to compute
employment, value-added and income multipliers. Current limitations in data prevent
us from calculating employment multipliers at this time. Furthermore, since this paper
seeks to focus on fisheries impact on output as opposed to value-added we do not
estimate multipliers of this type. However, we investigate the influence of fisheries
sector household income by estimating income multipliers. Such multipliers reflect
total household income throughout the economy supported by output in the fisheries
sector through indirect and induced effects. These multipliers can be obtained for each
sector using the equation:

Z = y [I − A]−1 (4)

where y = Y
Q is the income per unit of output of each sector. The vector of income

multipliers Z summarizes the marginal change in income that will occur when output
in a given sector changes by one unit and Z j is the income multiplier for the j th sector.

3.4 Using economic output multipliers

Once input–output multipliers, whether Type I, Type II, or income, are computed, we
have a great deal of information in need of context. We can make use of input–output
multipliers by considering them alone as the marginal change in output of the fishing
sector when final demand for its output changes. However, in this study, we seek to
estimate total economic activity supported by fishing in the broader economy using
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the current output of the fishing sector. This is done in a simple and concise manner,
which can be expressed using matrix notation as:

x = L ∗ d (5)

where data in the vector d in Eq. 5 represents final demand or final consumption. Since
using landed value, which is total industry output, in the place of final demand may
over-state the impact of fisheries, we adjust Eq. 5 to net out the possibility of double-
counting intermediate demand (de Mesnard 2002). Using net multipliers, which correct
for possible double-counting, we compute the economic impact of industries as:

x′= [I − A]−1 Ax (6)

where x′ is the total economic impact estimated using the net multiplier methodology
and x is a vector of industry output. Recalling that M is a vector of industry Type
II output multipliers, the calculation of total economic impact of the fisheries sector
using net multipliers as specified in Eq.6 simplifies to:

x′
f ish = (

M f ish − 1
)

x f ish (7)

where x f ish is landed-value for the fisheries sector in the year 2003. This is done for
each country for which landed value is available using national input–output multipli-
ers and regional multipliers when national tables are not available. In a nutshell, the
net multiplier is equal to the Leontief multiplier minus one.

It is worth noting that the idea of net-multipliers are a relatively new develop-
ment in input–output analysis. There has been debate concerning the specification and
application of net-multipliers that is currently unresolved (de Mesnard 2002, 2006;
Oosterhaven and Stelder 2002; Dietzenbacher 2005; Oosterhaven 2006). However,
we are confident that applying net-multipliers as specified in Eq. 6 above is a suitable
transformation for compensating for potential over-estimation of multiplier effects
when using industry output rather than final demand.

4 Data source

Input–output tables have been constructed for several countries as far back as the
late 1940s. The process of collecting ‘supply’ and ‘use’ data (usually published by
national statistical agencies) and transforming them into symmetrical input–output
tables, where flows of goods can be followed in a symmetrical industry by industry
format, can take a significant amount of time, which can cause a lag between when
input–output data are available and the present. For example, in the case of Leontief’s
study of American disarmament, the study was published in 1951 but the most recent
input–output table used in the analysis was for 1947.

Since input–output tables were first collected, lag time between present day and
available input–output data has declined somewhat. However, a significant lag between
present day and available data remains. For example, several developed nations have
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submitted input–output tables to the Organization for Economic Cooperation and
Development (OECD) covering years up to 2006. Unfortunately, acquiring recent
data for many developing countries can be difficult at times and nearly impossible in
some cases. Furthermore, there is no standard by which input–output tables are com-
piled and may vary considerably in sectoral aggregation. Some nations produce tables
identifying more than 100 sectors, while others report fewer than ten. Such differences
in sector aggregation can complicate comparison between national input–output data.

It is clear that there are significant issues to collecting input–output data that is com-
prehensive and standardized at the global level. In order to deal with these issues, the
Global Ocean Economics Project (GOEP) uses a large dataset of economic flows from
the Global Trade Analysis Project (GTAP) at Purdue University. This database was
originally designed for use in computable general equilibrium (CGE) models using
a collection of standardized input–output tables as its core. The database currently
includes economic flows for 57 sectors and 113 regions of the world.2

The GTAP database is a rich collection of data suitable for conducting complex
CGE modeling. However, since this type of modeling is beyond the scope of our paper,
only the input–output tables, which form the foundation of the GTAP database, are
used. In order to extract input–output tables, we first take two steps to prepare the
database. First, we modify the default GTAP aggregation scheme that creates ten sec-
tors out of the 57 available. In our modified aggregation scheme, fishing is identified
separately from the other extractive activities while the other sectors remain as in the
default specification.3 Second, we use the CRUSOE4 tool to identify GTAP data for
each of the 113 regions of the world separately.

With sectors defined, the input–output tables used in computations are extracted
from the database and an estimate of the output multiplier matrix, [I − A]−1, is found
for each coastal country specified independently. Turning to coastal nations where
input–output tables are not available, we use the regional table estimates from GTAP
to estimate economic multipliers in these regions. We estimate the economic impact
in the economy from output in the fisheries sector through indirect and induced effects
using Type II output multipliers; income multipliers are derived using Eq. 4 above.

5 Results

5.1 Total contribution of capture fisheries to world output

Total output of global fisheries is presented by geographic region in Table 1 with the
total economic impact including indirect and induced effects in the third column. In
the last column of Table 1 we present the average fisheries output multiplier weighted

2 Much more information about the structure of GTAP can be found at the Project’s website: http://www.
gtap.agecon.purdue.edu/.
3 The sensitivity of computation to the level of aggregation was conducted using aggregations of 57, 40,
and 25 sectors. These results were compared with the 10 sector aggregation and no significant differences
were found.
4 More information about the freely available CRUSOE45 utility by Mark Horridge is available at http://
www.monash.edu.au/policy/crusoe.htm.
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Table 1 2003 World fisheries
output impacts by region

Landed
value (USD
billions)

Economic
impact (USD
billions)

Average
multiplier

Africa 2.10 5.46 2.59
Asia 49.89 133.31 2.67
Europe 11.45 35.78 3.12
Latin America 7.20 14.78 2.05
N. America 8.23 28.92 3.52
Oceania 5.22 17.06 3.27
World total 84.10 235.31 2.80

by landed value. Each of these effects are computed for every coastal country and
presented by geographic location for brevity; the world total of fisheries economic
impact is presented in the last row. The result of economic impact analysis suggests
that indirect and induced effects bring the total economic impact of capture fisheries
to more than three times the sum of the initial activity. The total economic impact of
global fisheries for 2003 is estimated to be between US$ 225 and 240 billion.

At the regional level, Asia is the clear leader in terms of economic impact whether
in terms of direct, indirect, or induced impacts. This is mainly due to the influence
of China and Japan. The total of direct, indirect, and induced impacts in China totals
US$ 48 billion while the equivalent for Japan is US$ 37 billion. Together these two
nations represent more than 60% of fisheries related economic activity in Asia and
over 35% at the global level.

While it is Asia that leads in terms of regional output supported by fisheries, we find
that it is North America that has the greatest marginal effect stemming from changes
in fisheries output. With a weighted average multiplier of 3.52, North Americans can
expect a fair amount of economic activity to be supported by increased fisheries output
caused by improved management systems. However, this is not to say that improving
fisheries management is less important in other regions. The global weighted aver-
age output multiplier suggests that a dollar of fisheries sector output supports about
three dollars of output throughout the global economy from manufacturing to finan-
cial services. This global average multiplier of 2.8 is bracketed closely by regional
multiplier estimates of between 2.05 and 3.52. The average multiplier value of 2.8 is
consistent with recent literature concerning fisheries as an economic base industry in
Newfoundland, Canada, which supports the theory that fisheries have an economic
influence greater than their direct contribution to output (Roy et al. 2009).

5.2 Total household income supported by world capture fisheries

In addition to economic output, we are often interested in the amount of household
income supported by a given sector. Table 2 reports total income supported by the
capture fisheries sector for 2003 and is organized by geographic region. Column
two of the table presents landed value while the third column presents the total of
household income through indirect and induced effects due to output from the fishing
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Table 2 2003 World fisheries
income impacts by region

Landed
value (USD
billions)

Income effect
(USD billions)

Average
multiplier

Africa 2.10 1.30 0.62
Asia 49.89 35.30 0.71
Europe 11.45 8.70 0.76
Latin America 7.20 4.06 0.56
N. America 8.23 10.06 1.22
Oceania 5.22 3.80 0.73
World total 84.10 63.22 0.75

industry. The last column of the table reports a weighted average of household income
multipliers for each region.

As with output, Asia leads the rest of the world in total income supported by the
capture fisheries sector. Asia accounts for more than 55% of household income in the
world and, again, China and Japan are the big drivers. Household income supported
by fisheries totals US$ 11 billion in China and US$ 12 billion in Japan for a combined
total of $23 billion—more than 36% of the world total of fisheries-related household
income.

Just as North America has high output multipliers, it also ranks highest among
regions when we consider household income. In fact, the average household income
multiplier for North America is greater than one, suggesting that an increase of fish-
eries sector output of one dollar results in more than one dollar of household income
among workers in fisheries related activities when we account for indirect and induced
effects.

6 Conclusion

Input–output analysis is not a new concept in economics and its use traces back to the
very beginnings of quantitative economic methods. However, the use of this technique
for the marine capture fisheries sector as proposed by this study is the first of its kind.
It is apparent from our analysis that when one accounts for the total of direct, indirect
and induced economic activity, the full impact of this sector is much greater than the
value of catch landed at the port.

We used a global database of economic flows to consider the direct, indirect, and
induced effect of changes in demand for the output from marine capture fisheries as
well as its effect on household income. The results suggest that although the landed
value of global fisheries is large, considering this value as the contribution of marine
capture fisheries to world output underestimates the full impact of this sector to the
world economy by a factor of about three. Considering direct, indirect and induced
effects in the fisheries sector, we found the total economic impact to be about US$
240 billion per year. Furthermore, the capture fisheries sector is estimated to produce
more than US$ 63 billion per annum in household income when direct, indirect and
induced effects are considered.

We set out with the goal of answering the simple question: what is the total current
impact of the fisheries sector at current production? This is the first estimate of its
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type at the global fisheries level, and therefore can only serve as a first estimate of the
global economic impact of global fisheries. Future methodological approaches and
application will serve to improve this estimate with time. Input–output analysis has
received scattered attention in past fisheries literature leaving a great deal of work
for future practitioners. The input–output approach, in general, has recently enjoyed
a surge in popularity as evidenced by the content of the journal Economic Systems
Research. We have great optimism that breakthroughs in economic modeling will
spill over into the fisheries literature and pave the way for much future research using
this methodology. Obvious first steps for future work include testing the robustness of
this study’s results against any number of regional and/or national case studies. There
is also a great deal of potential for using output from studies of fisheries management
to predict the total economic benefit throughout the economy from reforming current
management practices.
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Appendix

See Tables A1 and A6.

Table A1 Detailed
input–output results for Africa
(USD millions)

Country Landed
value

Economic
impact

Income
effect

Algeria 36.10 42.89 9.01

Angola 105.75 374.29 76.81

Benin 5.76 8.78 1.83

Cameroon 30.39 89.86 23.22

Cape Verde 3.83 5.84 1.22

Comoros 4.30 12.68 3.08

Congo Dem. Rep. 1.93 6.81 1.40

Congo Rep. 11.50 34.00 8.78

Cote d’Ivoire 34.57 52.67 10.98

Djibouti 0.14 0.42 0.10

Egypt 75.54 182.54 54.96

Eq. Guinea 0.86 2.55 0.66

Eritrea 4.71 13.90 3.38

Gabon 28.47 84.18 21.75

Gambia 30.27 46.12 9.61

Ghana 67.94 103.51 21.58

Guinea 99.43 151.48 31.58
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Table A1 continued
Country Landed

value
Economic
impact

Income
effect

Guinea Bissau 4.80 7.31 1.52

Kenya 5.69 16.80 4.09

Liberia 3.20 4.87 1.02

Libya 24.86 29.53 6.20

Madagascar 103.97 243.40 80.32

Mauritania 67.33 102.57 21.39

Mauritius 6.18 10.00 3.09

Mayotte 2.82 8.33 2.03

Morocco 200.80 564.21 183.34

Mozambique 32.43 59.44 24.16

Namibia 359.68 1,734.98 314.67

Nigeria 195.60 55.52 10.73

Reunion 1.11 3.27 0.79

Sao Tome & Principe 1.92 5.69 1.47

Senegal 151.77 335.36 127.69

Seychelles 22.72 67.06 16.32

Sierra Leone 58.15 88.60 18.47

Somalia 29.88 88.17 21.45

St Helena 0.17 0.26 0.05

Sudan 4.88 14.40 3.50

Tanzania 20.81 56.69 22.93

South Africa 216.40 677.58 143.89

Togo 3.78 5.75 1.20

Tunisia 43.77 63.78 12.05

Region total 2,104.22 5,456.10 1,302.31

Table A2 Detailed
input–output results for Asia
(USD millions)

Country Landed
value

Economic
impact

Income
effect

Bahrain 31.33 32.08 7.87

Bangladesh 242.03 719.74 212.88

Brunei Darussalam 1.65 3.56 1.02

Cambodia 97.84 169.60 52.66

China 14,258.62 47,583.72 11,270.93

Cyprus 1.84 1.12 0.35

East Timor 0.27 0.57 0.16

Gaza Strip 2.28 2.33 0.57

Georgia 1.48 3.02 0.78

Hong Kong (China) 138.39 358.67 63.08

India 2,637.98 3,598.91 1,409.87

Indonesia 1,952.79 3,250.58 1,023.50
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Table A2 continued
Country Landed

value
Economic
impact

Income
effect

Iran 674.02 1,306.09 94.67

Iraq 2.58 2.65 0.65

Israel 3.06 3.14 0.77

Japan 13,486.52 37,146.66 11,621.04

Jordan 0.18 0.19 0.05

Korea Dem. People’s Rep. 166.37 506.45 118.47

Korea Rep. 2,054.66 5,969.61 1,264.17

Kuwait 7.18 7.35 1.81

Lebanon 4.37 4.47 1.10

Macau (China) 1.72 5.25 1.23

Malaysia 1,647.86 4,244.24 1,157.96

Maldives 548.50 1,631.41 421.17

Myanmar 786.27 667.70 255.31

Oman 213.78 218.90 53.73

Pakistan 435.25 940.69 250.65

Philippines 1,920.59 2,286.16 647.05

Qatar 14.99 15.35 3.77

Saudi Arabia 101.44 103.87 25.49

Singapore 3.04 12.19 2.14

Sri Lanka 544.44 551.74 176.44

Syria 4.06 4.16 1.02

Taiwan (China) 2,885.41 9,463.36 2,794.77

Thailand 2,080.11 4,406.58 499.31

Turkey 378.57 601.95 191.48

United Arab Emirates 112.97 115.67 28.39

Viet Nam 1,989.40 6,897.74 1,526.08

Yemen 460.31 471.34 115.69

Region total 49,894.15 133,308.82 35,298.06

Table A3 Detailed
input–output results for Europe
(USD millions)

Country Landed
value

Economic
impact

Income
effect

Albania 2.23 3.63 1.21

Belgium 44.82 278.74 70.37

Bulgaria 4.13 75.73 2.84

Croatia 11.71 38.32 9.08

Denmark 382.51 1,422.71 398.07

Estonia 55.53 211.68 28.10

Faeroe Islands 560.53 1,179.64 313.97

Finland 43.64 68.13 18.64

France 1,014.85 4,173.46 1,143.82
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Table A3 continued
Country Landed

value
Economic
impact

Income
effect

Germany 195.46 640.25 175.47

Gibraltar 0.00 0.00 0.00

Greece 287.35 952.30 274.71

Iceland 782.63 1,947.83 395.70

Ireland 373.26 802.97 141.76

Italy 588.43 1,028.71 301.13

Latvia 62.60 269.53 69.71

Lithuania 124.82 473.08 78.40

Malta 0.89 2.26 0.54

Monaco 0.00 0.00 0.00

Netherlands 372.19 1,097.66 252.73

Norway 921.06 3,097.62 797.70

Poland 56.30 240.55 42.10

Portugal 201.58 964.27 307.18

Romania 0.75 2.80 0.65

Russian Federation 2,704.10 6,769.24 1,344.27

Serbia-Montenegro 0.59 1.24 0.33

Slovenia 1.33 8.29 2.17

Spain 1,190.45 4,599.63 1,189.99

Sweden 631.72 1,679.80 428.77

U.K. 698.29 2,972.05 763.71

Ukraine 140.51 781.04 147.19

Region total 11,454.26 35,783.18 8,700.31

Table A4 Detailed
input–output results for Latin
America & the Caribbean
(USD millions)

Country Landed
value

Economic
impact

Income
effect

Anguilla 0.96 1.16 0.27

Antigua Barb 5.11 6.21 1.45

Argentina 916.45 2,724.82 781.79

Aruba 0.31 0.38 0.09

Bahamas 75.00 91.13 21.35

Barbados 3.12 3.79 0.89

Belize 9.95 34.45 7.77

Br. Virgin Islands 7.28 8.84 2.07

Brazil 1,135.43 2,719.08 922.84

Cayman Islands 0.36 0.44 0.10

Chile 865.37 2,111.69 472.83

Colombia 48.84 153.30 69.72

Costa Rica 49.01 105.88 25.50

Cuba 94.72 115.09 26.96
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Table A4 continued
Country Landed

value
Economic
impact

Income
effect

Dominica 2.87 3.49 0.82

Dominican Rep. 35.40 43.01 10.08

Ecuador 208.32 677.58 140.39

El Salvador 86.22 298.49 67.30

Falkland Islands 61.53 130.54 27.56

French Guiana 20.66 43.83 9.25

Grenada 4.20 5.10 1.19

Guadeloupe 26.76 32.51 7.62

Guatemala 38.45 71.95 20.07

Guyana 164.45 348.87 73.66

Haiti 26.30 31.96 7.49

Honduras 44.55 154.24 34.77

Jamaica 25.43 30.90 7.24

Martinique 7.50 9.11 2.13

Mexico 1,598.15 972.39 188.71

Montserrat 0.15 0.18 0.04

Netherlands Antilles 1.74 2.11 0.49

Nicaragua 62.78 94.43 25.61

Panama 237.18 606.06 215.82

Peru 755.36 2,225.42 616.95

Puerto Rico 5.92 7.19 1.68

St. Kitts & Nevis 0.78 0.95 0.22

St. Lucia 3.17 3.86 0.90

St. Vincent 9.39 11.41 2.67

Suriname 98.31 208.56 44.04

Trinidad & Tobago 20.48 24.89 5.83

Turks & Caicos 10.52 12.78 2.99

Uruguay 125.83 330.90 79.87

U.S. Virgin Islands 3.10 3.77 0.88

Venezuela 301.09 318.16 133.58

7,198.48 14,780.87 4,063.50

Table A5 Detailed
input–output results for North
America (USD millions)

Country Landed
value

Economic
impact

Income
effect

Bermuda 0.80 5.87 1.05

Canada 2,749.32 9,080.68 2,947.82

Greenland 670.82 4,951.27 888.63

St. Pierre & Miquelon 2.25 16.58 2.97

U.S.A. 4,802.84 14,866.47 6,218.58

Region total 8,226.02 28,920.87 10,059.06
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Table A6 Detailed
input–output results for Oceania
(USD millions)

Country Landed
value

Economic
impact

Income
effect

American Samoa 46.62 155.88 30.17

Australia 902.28 3,329.38 995.96

Cook Islands 20.29 67.85 13.13

Fiji 121.47 406.19 78.63

French Polynesia 78.75 263.34 50.98

Guam 0.81 2.72 0.53

Kiribati 75.34 251.92 48.77

Marshall Islands 355.78 1,189.66 230.29

Micronesia 290.76 972.25 188.20

North Marianas 1.07 3.58 0.69

Nauru 0.35 1.16 0.22

New Caledonia 24.45 81.74 15.82

New Zealand 945.06 2,441.34 615.78

Niue 0.20 0.67 0.13

Norfolk Island 0.00 0.00 0.00

Palau 1.76 5.88 1.14

Papua New Guinea 1,524.57 5,097.92 986.83

Samoa 30.10 100.65 19.48

Solomon Islands 270.02 902.90 174.78

Tokelau 0.20 0.67 0.13

Tonga 13.85 46.31 8.96

Tuvalu 9.19 30.73 5.95

Vanuatu 509.59 1,703.99 329.85

Wallis & Futuna Islands 0.30 1.00 0.19

Region total 5,222.80 17,057.71 3,796.60

References

Béné, C., Macfadyen, G., & Allison, E. H. (2007). Increasing the contribution of small-scale fisheries
to poverty alleviation and food security. Rome: Food and Agriculture Organization of the United
Nations.

Bhat, M. G., & Bhatta, R. (2006). Regional economic impacts of limited entry fishery management:
An application of dynamic input–output model. Environment and Development Economics, 11(6),
709–728.

Christ, C. F. (1955). A review of input–output analysis. In Input–output analysis: An appraisal
(pp. 137–182). UMI. http://www.nber.org/chapters/c2866.

de Mesnard, L. (2002). Note about the concept of net multipliers. Journal of Regional Science, 42(3),
545–548.

de Mesnard, L. (2006). A critical comment on Oosterhaven–Stelder net multipliers. The Annals of
Regional Science, 41(2), 249–271.

Dietzenbacher, E. (2005). More on multipliers. Journal of Regional Science, 45(2), 421–426.
Heen, K. (1989). Impact analysis of multispecies marine resource management. Marine Resource

Economics, 6(4), 331–348.

123

http://www.nber.org/chapters/c2866


Economic impact of ocean fish populations

Hoagland, P., Jin, D., Thunberg, E., & Steinback, S. (2005). Economic activity associated with the
northeast shelf large marine ecosystem: Application of an input–output approach. In Sustaining
large marine ecosystems: The human dimension (pp. 159–181). Amsterdam: Elsevier.

Jin, D., Hoagland, P., & Dalton, T. M. (2003). Linking economic and ecological models for a marine
ecosystem. Ecological Economics, 46(3), 367–385.

Leontief, W. (1953). Domestic production and foreign trade: The American capital position re-exam-
ined. Proceedings of the American Philosophical Society, 97(4), 332–349.

Leontief, W. (1966). Input–output economics. NY: Oxford University Press.
Leontief, W., Morgan, A., Polenske, K., Simpson, D., & Tower, E. (1965). The economic impact—

industrial and regional—of an arms cut. The Review of Economics and Statistics, 47, 217–241.
Leung, P., & Pooley, S. (2001). Regional economic impacts of reductions in fisheries production: A

supply-driven approach. Marine Resource Economics, 16(4), 251–262.
Loveridge, S. (2004). A typology and assessment of multi-sector regional economic impact models.

Regional Studies, 38(3), 305–317.
Oosterhaven, J. (2006). The net multiplier is a new key sector indicator: Reply to de Mesnard’s

comment. The Annals of Regional Science, 41(2), 273–283.
Oosterhaven, J., & Stelder, D. (2002). Net multipliers avoid exaggerating impacts: With a bi-regional

illustration for the Dutch transportation sector. Journal of Regional Science, 42(3), 533–543.
Pontecorvo, G., Wilkinson, M., Anderson, R., & Holdowsky, M. (1980). Contribution of the ocean

sector to the united states economy. Science, 208(4447), 1000–1006.
Radtke, H. D., Carter, C. N., & Davis, S. W. (2004). Economic evaluation of the northern pikeminnow

management program. Report prepared for Pacific States Marine Fisheries Commission.
Roy, N., Arnason, R., & Schrank, W. E. (2009). The identification of economic base industries, with

an application to the Newfoundland fishing industry. Land Economics, 85(4), 675–691.
Seung, C. K., & Waters, E. C. (2006). A review of regional economic models for fisheries management

in the U.S. Marine Resource Economics, 21(1), 101–124.
Sumaila, U. R., Marsden, A. D., Watson, R., & Pauly, D. (2007). A global ex-vessel fish price database:

Construction and applications. Journal of Bioeconomics, 9(1), 39–51.
Willmann, R., Kelleher, K., Arnason, R., & Franz, N. (2009). The sunken billions. Washington DC;

Rome: World Bank; FAO.

123


	Economic impact of ocean fish populationsin the global fishery
	Abstract
	1 Introduction
	2 Background
	3 Methodology and data
	3.1 Overview of methods
	3.2 Type I & II output multipliers
	3.3 Income multipliers
	3.4 Using economic output multipliers

	4 Data source
	5 Results
	5.1 Total contribution of capture fisheries to world output
	5.2 Total household income supported by world capture fisheries

	6 Conclusion
	Acknowledgements
	Appendix
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


