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Abstract
The contribution of aquaculture and fisheries to gross domestic product (GDP) is one of
the most widely used indicators of its economic performance. Despite strong interest in
and great efforts made towards assessing the contribution of aquaculture and fisheries
to GDP, there is a general lack of understanding or consensus on how to properly
measure the sector’s contribution to GDP and effectively use the measures for evidencebased policy and planning for sustainable aquaculture and fisheries development.
While a fisheries GDP measure has been included in the Sustainable Development
Goals (SDGs) of the 2030 Agenda for Sustainable Development (i.e. SDG Indicator
14.7.1: Sustainable fisheries as a percentage of GDP in small island developing states,
least developed countries and all countries), it is nevertheless a Tier III indicator for
which no internationally established methodology or standards are yet available. This
paper contributes to improving the understanding and measurement of aquaculture
and fisheries’ contribution to GDP by: (i) using input-output models (including
mathematical formulas and numerical examples) to formulate and clarify a set of
measures of aquaculture and fisheries’ contribution to GDP; (ii) discussing alternative
methods to estimate the measures under data-poor environments; (iii) suggesting an
empirical methodology and general guidelines on the estimation and reporting of the
measures; and (iv) exploring how to utilize the measures for evidence-based policy
and planning. The conceptual framework and empirical methodology suggested in the
paper will help move towards internationally established methodology, standards and
guidelines on measuring aquaculture and fisheries’ economic contribution.
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1. Introduction
Gross domestic product (GDP) is the most quoted indicator in national accounts that
is widely used to measure the performance of an economy (United Nations, 2010).
An industry or sector’s contribution to GDP is one of the most widely used indicators
of its economic performance. Information and knowledge about an industry/sector’s
contribution to GDP is essential for evidence-based policy and planning that can affect the
level of political and financial support of the industry/sector, hence its development pace.
Fish is an important food source, accounting for close to one-fifth of global animal
protein intake. Besides directly providing high-quality food, aquaculture and fisheries also
create economic value through the production and marketing of wild and farmed fish.
Figure 1 provides a historical, global overview of aquaculture and fisheries’ contribution
to GDP. The overview indicates that the aquaculture and fisheries’ percentage of GDP
varies mostly from 0.01 percent to 10 percent. There is no obvious correlation between
aquaculture and fisheries production and the sector’s percentage of GDP, which
means that the sector’s percentage of GDP may not increase with its production scale.
Yet, given the same production scale, the percentage tends to be smaller in developed
regions (represented by triangles) than developing regions (represented by circles).
Substantial efforts have been made to generate or compile data and information about
the contribution of aquaculture and fisheries to GDP at the global level (e.g. World
Bank, 2012; FAO, 2018a, for a large number of countries worldwide); the regional level
(e.g. de Graaf and Garibaldi, 2014, for African countries; Hofherr, Natale and Fiore,
2012, for aquaculture in European countries; Gillett, 2009, for Pacific Islands); and the
national level (e.g. China Fishery Statistical Yearbooks).
It is hardly an overstatement to observe that every government with a specialized
fisheries (including aquaculture) agency would like to measure the sector’s contribution
to GDP. This tendency is expected to be strengthened by the inclusion of the fisheries’
contribution to GDP in the Sustainable Development Goals (SDGs) of the 2030
Agenda for Sustainable Development, i.e. SDG Indicator 14.7.1: Sustainable fisheries
as a percentage of GDP in small island developing states, least developed countries and
all countries.
The SDG indicator 14.7.1 has been categorized as a Tier III indicator, which means
that no internationally established methodology or standards are yet available for the
indicator.1 While various standards or guidelines on national accounts (United Nations,
2010; Lequiller and Blade, 2014; BEA, 2015) provide detailed guidance on how to measure
the GDP of an economy, there is a lack of consensus on how to measure an industry/
sector’s contribution to GDP. Practitioners often have inadequate understanding or
misunderstanding of fisheries’ GDP indicators or the methods used to estimate them, a
situation that tends to be aggravated by inconsistent assessment methods or confusing
terminologies in the literature (World Bank, 2012). This has led to the underutilization
or misuse of fisheries GDP measures that are often costly to estimate.
As the GDP of an economy is the sum of the gross value added (GVA) of individual
industries/sectors, an industry/sector’s GVA is deemed a basic, straightforward
measure of its contribution to GDP. In order to account for input-output multipliers –
e.g. an increase in the aquaculture production could cause an expansion of the aquafeed
industry – many practitioners treat an industry/sector’s own GVA as its “direct”
contribution to GDP, and use the GVA that it helps generate in other industries/sectors
to measure its “indirect” contribution.
1
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Under this method, a sector’s GVA is often counted as its direct contribution to GDP
while at the same time treated as other sectors’ indirect contribution. Because of such
double counting, the summation of all sectors’ total direct and indirect contribution
would usually be much greater than the GDP of the entire economy. Despite attempts
to develop alternative GDP measures that avoid this potentially misleading feature
(Leones and Conklin, 1993; Johnson and Wade, 1994; Tanjuakio, Hastings and Tytus,
1996), GVA is the only uncontroversial GDP measure that remains free from the
double-counting problem.
Indeed, some experts suggest that a sector’s GVA should be the only legitimate
measure of its contribution to GDP, whereas its economic multipliers should be treated
as its economic impacts but not called its “indirect contribution” to GDP because such
“indirect contribution” measures are often subject to misuse or misunderstanding
(Taylor and Smith, 1996; Watson et al., 2007). However, despite such reservations,
direct and indirect contribution has remained a popular methodology adopted by
many experts and practitioners (e.g. Westlund, Holvoet and Kébé, 2008; Cai, Leung and
Hishamunda, 2009; World Bank, 2012; Tian, Mak and Leung, 2013; Sigfusson, Arnason
and Morrissey, 2013).
This technical paper contributes to improving the understanding and measurement of
aquaculture and fisheries’ contribution to GDP. In section 2, a numerical input-output
model is developed to provide a conceptual framework for understanding GDP at the
industrial/sectoral level and also serves as an empirical tool for measuring aquaculture
and/or fisheries’ contribution to GDP. The model is a seven-sector model that is calibrated
from a real world economy and captures key features of the fish value chain. Numerical
examples based on the model would be used in ensuing sections to facilitate intuitive
understanding of GDP indicators. Mathematical details of the model are presented in
appendices in order to maintain a smooth flow in the main text; formulas therein can
be applied to more general input-output models that include any number of sectors.
Section 3 examines GVA as a measure of aquaculture and/or fisheries’ contribution
to GDP. A gross value added-final use (GVA-FU) matrix is constructed to link GVA to
final use (FU) at the industrial/sectoral level. The matrix facilitates the understanding
of an industry/sector’s contribution to GDP from both the demand and the supply
sides. The comprehensive perspective can provide important information for policy
and planning. Examples are used to show that, despite being a basic measure of its direct
contribution to GDP, an industry/sector’s (direct) GVA is an inadequate measure of
its economic contribution and needs to be supplemented with measures of its indirect
contribution to GDP.
In section 4, a set of indicators are estimated in the input-output model to measure
aquaculture and/or fisheries’ indirect contribution to GDP at different levels.
Aquaculture and fisheries’ indirect GVA through backward linkage is estimated as a
basic measure of its indirect contribution to GDP. The basic measure is then extended
step by step to account for other linkages, including aquaculture and fisheries’ forward
linkage to fish processing, its linkage to fish marketing, and its linkage to the fishing
boat-building industry.
While these indicators are quantified by impact measures estimated from a dynamic,
what-if perspective, they can be interpreted from a static, accounting perspective as
measures of an industry/sector’s indirect contribution to GDP. For example, it can
be shown that an industry/sector’s indirect contribution to GDP through backward
linkage is similar to its direct GVA, a component of its output.
Section 5 examines a satellite account approach to measuring the GDP contribution
of an extended aquaculture and fisheries sector that includes aquaculture, fishing and
other key industries on the fish value chain. The satellite account approach can be used
as a substitute when input-output tables are unavailable or not detailed enough to
include aquaculture and fisheries as a distinct sector or two subsectors.

3
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Section 6 summarizes the indicators examined in the paper and discusses how they
could be and should be properly utilized to assess and monitor the contribution of
aquaculture and fisheries to GDP for evidence-based policy and planning.
The last section – section 7 – concludes the paper with remarks on a way forward
towards an internationally established methodology and standards for measuring the
contribution of aquaculture and fisheries to GDP.

5

2. The input-output model
As an integral tool in national accounts for policy analysis and advice, input-output
tables (including supply tables and use tables) provide systematic information on the
cost structure and value added of industries and the flow of goods and services in the
economy (Leontief, 1986; Kurz, Dietzenbacher and Lager, 1998; EUROSTAT, 2008;
BEA, 2009; Miller and Blair, 2009; United Nations, 2010; United Nations, 2018).
Table 1 presents an input-output table calibrated from the input-output tables of
China’s economy in 2007 (NBS, 2009), complemented with the fisheries GDP data in
the China Fishery Statistical Yearbook (CFSY, 2008).2 The table specification follows
terminologies used in the United Nations System of National Accounts 2008 (United
Nations, 2010).
The input-output table includes six key industries on the fish value chain:
(i) aquaculture; (ii) fishing; (iii) manufacture of aquafeed (aquafeed in short);
(iv) building of fishing boats (fishing boat building or fishing boat in short);
(v) fish processing; and (vi) fish marketing (transporters, storage services, wholesalers,
retailers, etc.). For simplicity, other industries in the economy, including some
important ones on the fish value chain such as the restaurant and food catering industry,
for example, are aggregated into the “rest of the economy” (ROE), i.e. the ROE sector.
2.1 Sales of outputs
In Table 1, rows 1 to 8 describe the sales of products (including goods and services)
provided by domestic and foreign producers for intermediate consumption and final
use. For example, row 1 indicates that, in total, the economy spends USD 513 million on
aquaculture products, including USD 500 million (column 14) for domestic aquaculture
products and USD 13 million (column 13) for imported aquaculture products. Part of
the USD 513 million on aquaculture products goes to the intermediate consumption of
aquaculture (USD 15 million), fishing (USD 2 million), aquafeed (USD 6 million), fish
processing (USD 100 million) and ROE (USD 150 million). The rest goes to final use,
including USD 200 million of final consumption, USD 10 million of capital formation
and USD 30 million of export.
2.2 Procurement of inputs
Columns 1 to 8 describe intermediate and primary inputs used by domestic industries.
For example, as indicated in column 2, the domestic fishing industry purchases
USD 100 million (row 8) of intermediate products, both domestic and imported
products, including USD 2 million from aquaculture, USD 8 million from fishing,
USD 2 million from fish marketing and USD 88 million from ROE. The fishing
industry also consumes USD 40 million on fixed capital (through depreciation), pays
USD 200 million for labour, contributes USD 10 million to tax revenue, and gains
USD 50 million of net operating surplus. The sum of these primary incomes is equal to
the industry’s USD 300 million of GVA (row 14).

	
The calibration has scaled down China’s economy in 2007 for narrative convenience and slightly
modified its structure to facilitate the design of examples for illustration.

2
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2.3 Intermediate consumption or input
The sub-matrix comprising rows 1–8 and columns 1–8 describes the flow of intermediate
products in the economy. The numbers in the sub-matrix represent the sales of row
industries to column industries (for intermediate consumption) and, equivalently, the
purchases of column industries from row industries (as intermediate inputs).
It should be noted that the intermediate consumption (or inputs) in Table 1 include
both domestic and imported products. For example, the USD 150 million in the cell
(row 3, column 1) includes both domestically produced and imported aquafeed
purchased by the domestic aquaculture industry.
2.4 Final use
Final use is often called final demand in the input-output literature. The sub-matrix
comprising rows 1–8 and columns 9–12 shows the components in final use, including
final consumption, capital formation and export. Final consumption (column 9) measures
the value of goods and services consumed by households and the government. Capital
formation (column 10) includes building up fixed capital or inventories – note that a
change in inventories could be negative (row 3, column 10), which represents depletion
of inventories. Export (column 11) represents products sold to non-residents, such as
foreign households, governments and producers, which may be used for intermediate
consumption, final consumption and/or capital formation.
2.5 Gross value added
The sub-matrix comprising rows 9–14 and columns 1–8 shows GVA and its composition.
GVA (row 14) is equal to total input (row 15) minus total intermediate input (row 8),
whereas the total input of each industry is equal to its total output (column 14).
Conceptually, an industry’s GVA is a residual value equal to the difference between
its output and intermediate input. For example, fish processing’s USD 700 million
output (row 5, column 14) is the value of products that it supplies to domestic and
foreign markets, and its USD 530 million intermediate input (row 8, column 5) is the
value of intermediate products that it purchases from domestic and foreign markets.
The USD 170 million (row 14, column 5) difference between the two measures is the
economic value that the industry adds to the economy. The USD 170 million value
added includes USD 100 million “compensation to employees” (i.e. labour income);
USD 20 million “net tax on production” (i.e. government tax revenue); USD 20 million
“consumption of fixed capital” (i.e. depreciation); and USD 30 million “net operating
surplus” (i.e. business profit) – the last two combined makes up the USD 50 million
“gross operating surplus” (i.e. gross business profit).
GVA is often deemed the value of primary inputs (mostly labour and capital); hence,
the sum of intermediate input and GVA is equal to total input. Yet, it is important to
note that the value of total input is determined by total output (they are two sides of the
same coin), and GVA is determined by total input minus intermediate input.

30
250

Net operating surplus
(row 11 minus row 12)

Gross value added – GVA
(row 15 minus row 8)

Total input (equal to total output)

13

14

15

500

10

Consumption of fixed capital
(i.e. depreciation)

40

10

200

250

77

3

-

-

150

5

400

300

50

40

90

10

200

100

88

2

-

-

-

8

240

60

15

9

24

6

30

180

67

5

60

-

12

30

150

50

10

4

14

6

30

100

80

-

-

20

-

-

700

170

30

20

50

20

100

530

120

30

80

-

-

200

600

360

150

30

180

90

90

240

210

30

-

-

-

-

147 410

48 810

14 715

7 387

22 102

7 358

19 350

98 600

98 250

30

150

-

-

20

150 000

50 000

15 000

7 500

22 500

7 500

20 000

100 000

98 892

100

290

20

162

263

26 304

25 304

400

300

-

-

100

19 620

19 500

-

20

110

-30

10

19 125

18 455

100

200

40

200

100

30

65 049

63 259

500

520

150

170

210

240

15 049

14 741

-

110

20

92

73

13

150 000

147 410

600

700

150

240

400

500

Aquaculture

10

Fishing

200

Aquafeed

273

Fishing boat

150

5

Fish processing

4

-

6

Fish marketing

100

7

ROE

3

-

8
Total intermediate
consumption, GVA or input
(sum of columns 1 to 7)

2

6

9

Final consumption

1

2

10

Capital formation

15

14

13

12

11

Export

Total supply of
goods and services

Total final use
(sum of columns 9 to 11)

Final use

Import

Intermediate consumption
(sales from row industries to column industries)

Total output
(column 8 plus column 12
minus column 13)

12

Gross operating surplus
(row 14 minus row 9 and minus row 10)

Net tax on production

10

11

Compensation to employees

Fish marketing

6

9

Fish processing

5

8

Building of fishing boats

4

Rest of the economy (ROE)

Manufacture of aquafeed

3

Total intermediate consumption,
final use, import or output
(sum of rows 1 to 7)

Fishing

2

7

Aquaculture

Industry

Column no.

1

Row
no.

Note: “-” represents zero.

Gross value added
(primary inputs)

Intermediate inputs (purchases of
column industries from row industries)
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TABLE 1

The input-output model
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2.6 A condensed input-output table
In order to facilitate the estimation of aquaculture and/or fisheries’ contribution to
GDP, the input-output table in Table 1 is condensed into Table 2. Besides condensation
of the final use and GVA sections for simplicity, the main difference between the two
tables is how import is accounted for.
While the intermediate inputs and final uses in Table 1 include both domestically
produced and imported products, those in Table 2 include only domestic products.
Thus, the intermediate inputs and final uses in Table 2 are smaller than their counterparts
in Table 1 (the differences may not be apparent due to rounding).
Accordingly, the value of imported products is consolidated in the import sector
(Table 2: row 8) – such consolidation is commonly used in input-output tables (e.g.
DBEDT, 2013). For example, the total value of imported intermediate inputs used
directly by aquaculture is USD 94 million (Table 2: row 8, column 1); and the total value
of imported products for final use is USD 4 698 million (Table 2: row 8, column 9).
Correspondingly, a column is added in Table 2 (column 8) to represent the
import sector in order to facilitate input-output modelling based on the table; see an
example in Appendix I. The import sector purchases no intermediate inputs. Hence,
its “GVA” is equal to the total import of the entire economy (row 8, column 10;
USD 15 409 million). Unlike the GVA of other industries which represents the value
of primary inputs, the GVA of the import sector is essentially value added by foreign
enterprises to the domestic economy through import.
TABLE 2

A condensed input-output table for the economy described in Table 1 (million USD)
10
Total output
(sum of column 1 to 9)

9

Final use

8

Import

7

ROE

6

Fish marketing

5

Fish processing

4

Fishing boat

3

Aquafeed

2

Fishing

1

Aquaculture

Row Column no.
no.

1

Aquaculture

15

2

6

-

97

-

146

-

234

500

2

Fishing

4

6

24

-

161

-

16

-

188

400

3

Manufacture of aquafeed

65

-

5

-

-

-

-

-

170

240

4

Building of fishing boats

-

-

-

17

-

-

-

-

133

150

5

Fish processing

-

-

49

-

66

-

123

-

462

700

6

Fish marketing

3

2

5

-

30

30

30

-

500

600

7

Rest of the economy (ROE)

69

79

60

72

108

188

88 171

-

58 663 147 410

8

Import

94

11

31

11

69

22

10 114

-

4 698

9

Gross value added

250

300

60

50

170

360

48 810 15 049 65 049

10

Total input
(sum of rows 1 to 9)

500

400

240

150

700

600

147 410 15 049

Industry

15 049

165 049

Notes: “-” represents zero. The intermediate input matrix (rows 1–7 and columns 1–7) represents the domestic content (i.e. excluding
imported intermediate inputs) of the same matrix in Table 1; the final use matrix (rows 1–7 and column 9) represents the domestic content
of the total final use matrix (rows 1–7 and column 12) in Table 1.
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3. Aquaculture and/or fisheries
direct gross value added (GVA) as
a basic yet inadequate measure of
its contribution to gross domestic
product (GDP)
3.1 GVA as a basic measure of an industry/sector’s contribution to GDP
Conceptually, GDP, as the name suggests, measures a country’s domestic contribution
to its final goods and services in a given time period. As the domestic content is equal to
the total GVA of all industries, an industry/sector’s GVA naturally becomes the basic
measure of its contribution to GDP.
In Table 1, GDP can be estimated by subtracting the total value of import
(row 8, column 13; USD 15 049 million) from the total final use (row 8, column 12;
USD 65 049 million). The resulting USD 50 000 million is exactly equal to the total
GVA of all industries (row 14, column 8). Hence, each industry/sector’s GVA (row 14)
is a straightforward measure of its contribution to GDP. Specifically, one can say that
the aquaculture GDP is USD 250 million, the fishing GDP is USD 300 million, and so
on.
An economy’s total final use and its total GVA are two sides of the same GDP. This
accounting identity is nevertheless not applicable at the industrial/sectoral level. As
indicated in Table 2, fishing’s GVA (USD 300 million) is nearly twice as much as its sales
to final use (USD 188 million), whereas the GVA of fish processing (USD 170 million)
is less than half of its sales to final use (USD 462 million).
As the fishing industry sells USD 161 million (i.e. 40 percent of its USD 400 million
output) to fish processing, its GVA embedded in the intermediate sales would end up
mostly in the final use of fish processing as well as in the final use of downstream
industries that use fish processing products as intermediate inputs.
Generally speaking, an industry’s GVA would relate not only to its own final
use but also to the final uses of other industries along the value chain. In Appendix
I, a mathematical input-output model is used to track the destination of individual
industries’ GVA to final use. The resulting equation (A8) links an industry’s GVA to
the final uses of multiple industries (itself included). The equation is applied to the
economy described in Table 1 and Table 2; the results are presented in a GVA-FU
matrix (Table 3).
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Table 3

GVA-FU matrix for the economy described in Table 1 and Table 2
7

8

GVA (sum of columns 1 to 7)

6

ROE

5

Fish marketing

4

Fish processing

Domestic content in final use
(sum of rows 2 to 8)

3

Fishing boat

1

2

Aquafeed

Linking GVA to final use
at the industrial/sectoral level
(million USD)

1

Fishing

Column no.

Aquaculture

Row
no.

176

177

131

109

372

453

48 583

50 000

121.71

0.54

5.18

0.10

37.28

0.24

84.95

250.00

2

Aquaculture

3

Fishing

5.27

143.71

20.46

0.05

91.03

0.11

39.38

300.00

4

Manufacture of aquafeed

8.06

0.04

43.78

0.01

2.47

0.02

5.63

60.00

5

Building of fishing boats

-

-

-

50.00

-

-

-

50.00

6

Fish processing

1.80

0.03

9.65

0.04

124.49

0.10

33.90

170.00

7

Fish marketing

1.58

0.63

3.52

0.03

14.71

315.86

23.67

360.00

8

Rest of the economy (ROE)

37.14

31.61

48.32

59.23

101.60

136.38

64

33

39

41

148

47

9

Import content in final use
(sum of rows 10 and 11)

48 395.73 48 810.00

14 676

15 049

10

Import content through
imported products for final use

5.65

21.53

-

16.92

57.70

-

4 596.17 4 697.98

11

Indirect import content through
imported products for intermediate
consumption

58.79

11.92

39.08

23.62

90.72

47.30

10 079.58 10 351.02

240

210

170

150

520

500

63 259

65 049

12

Final use (sum of rows 1 and 9)

13

Domestic share
(row 1 divided by row 12) (%)

73

84

77

73

71

91

77

77

14

Import share
(row 9 divided by row 12) (%)

27

16

23

27

29

9

23

23

15

Import share through imported
products for final use
(row 10 divided by row 12) (%)

2.36

10.25

-

11.28

11.10

-

7.27

7.22

16

Import share through imported
productsfor intermediate
consumption (row 11 divided by
row 12) (%)

24.50

5.68

22.99

15.75

17.45

9.46

15.93

15.91

Notes: “-” represents zero; GVA-FU = gross value added-final use.
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3.2

GVA-FU matrix: understanding GVA from both supply and demand
perspectives
Linking an industry/sector/economy’s GVA to the final uses of multiple industries
The GVA-FU matrix in Table 3 shows how much a row industry/sector’s GVA can be
attributed to the final use of a column industry/sector. For example, row 2 indicates that
nearly half of aquaculture’s USD 250 million GVA (USD 121.71 million to be exact) is
attributed to its own final use, and the rest primarily to the final use of fish processing
(USD 37.28 million) and ROE (USD 84.95 million). Such attribution for all the seven
industries as well as the entire economy is illustrated in Figure 2. Some notable findings
are highlighted in the following:
• An industry’s GVA is usually attributed primarily to its own final use. This is true for
all the six industries on the fish value chain as well as ROE.
• The aquaculture industry has a relatively low percentage of its GVA attributed to
its own final use, as does the fishing industry. Constituting upstream industries
in the primary sector, these two industries have a relatively large portion of their
production sold to downstream industries (e.g. fish processing) as intermediate
inputs; hence, a relatively large portion of their GVA would end up in the final uses
of other industries.
• Aquafeed is also an upstream industry whose output is mostly used as an
intermediate input of aquaculture. However, Figure 2 shows that 72.97 percent of
aquafeed’s GVA is attributed to its own final use. This is because, as indicated in
Table 1 (row 3), a large portion of aquafeed’s output goes to export. Even though
exported aquafeed production would be used as an intermediate input by fish
farmers in foreign countries, it is deemed a final product for the domestic economy.
In contrast, aquafeed production sold to domestic aquaculture would be consumed
in fish farming activities and hence does not belong to final use.
• The entire GVA of fishing boat building is attributed to its own final use. The reason
is that the purchase of fishing vessels (as capital goods) are not treated as intermediate
consumption. The value of a fishing vessel used by the fishing industry would enter
fishing’s output through the “consumption of fixed capital” (Table 1, row 12); and
the value would not be accounted for as an intermediate input supplied by fishing
boat, but as the GVA of the fishing industry.
• As a downstream industry of aquaculture and fishing, fish processing has a relatively
high percentage of GVA attributed to its own final use (73.23 percent).
• Fish marketing also has a relatively high percentage of GVA attributed to its own
final use (87.74 percent). This is mainly due to the large portion (USD 500 million) of
its USD 600 million output being sold to final use. The USD 500 million represents
transport and trade margins for marketing fish products for final use. The way fish
marketing businesses are accounted for in the input-output table will be discussed in
section 4.4.
• Over 99 percent of ROE’s GVA is attributed to its own final use. This reflects that
the six industries on the fish value chain are only a small portion of the economy.
Indeed, less than 3 percent of the GDP of the entire economy is attributed to the final
uses of the six industries; the rest of the 97 percent is attributed to that of ROE.
Linking an industry/sector/economy’s final use to the GVA of multiple industries
Viewed from another angle, the columns of the GVA-FU matrix in Table 3 show the
domestic and import contents of each column industry/sectors’ final use in terms of
the GVA of multiple row industries/sector as well as the direct and indirect import
contents. For example, column 2 indicates that fishing’s USD 210 million final use (row
12) is composed of USD 177 million “domestic content” (row 1) and USD 33 million
“import content” (row 9). The domestic content comes primarily from its own GVA
(USD 143.71 million) and the GVA of ROE (USD 31.61 million). It should be noted
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FIGURE 2

Linking an industry/sector/economy’s GVA to the final uses of the seven industries

Note: ROE = rest of the economy.
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that the USD 177 million domestic content is less than the USD 188 million domestic
fishing products sold to final use (Table 2: row 2, column 9) because the latter contains
the value (USD 11.92 million) of imported intermediate inputs used by the fishing
industry directly through its own import and indirectly through the imports of
upstream industries.3
The USD 11.92 million represents the “indirect import content” (Table 3: row 11) in
the USD 210 million fishing products for final use, as opposed to the USD 21.53 million
“direct import content” (row 10), which represents the value of imported fishing
products for final use. The USD 21.53 million is part of the USD 73 million imported
fishing products for intermediate consumption and final use (Table 1: row 2, column 13).
Figure 3 illustrates the domestic and import contents of the final use of each of the six
industries on the fish value chain, ROE and the entire economy. Some notable findings
are highlighted in the following:
• The final use of aquaculture, fishing or fish marketing has a higher percentage of
domestic content from its own GVA (50.71 percent, 68.43 percent, 63.17 percent,
respectively) than aquafeed, fishing boat or fish processing (25.75 percent,
33.33 percent and 23.94 percent, respectively). This reflects the first three industries’
higher GVA ratios (50 percent, 75 percent and 60 percent, respectively) than the
latter three (25 percent, 33 percent and 23 percent, respectively).4
• Although aquafeed represents 30 percent of aquaculture’s total input (Table 1),
aquafeed’s GVA accounts for only a small percentage (3.36 percent) of aquaculture’s
final use (Figure 3). Part of the discrepancy arises because the domestic aquafeed
industry supplies only USD 65 million of the USD 150 million aquafeed used by
aquaculture (Table 1 and Table 2), and the rest is from imports.
• As indicated in Table 2, aquaculture’s purchase from aquafeed (USD 65 million) is
similar to its purchase from ROE (USD 69 million). Yet, while aquaculture’s final use
has only 3.36 percent domestic content from aquafeed’s GVA, it has 15.47 percent
domestic content from ROE’s GVA (Figure 3). This is because ROE’s GVA goes
to aquaculture’s final use not only through its direct sales to aquaculture but also
through its sales to other industries, some of which would eventually end up in the
final use of aquaculture. Indeed, all the six industries on the fish value chain have
relatively large domestic content from ROE’s GVA (15.47 percent for aquaculture,
15.05 percent for fishing, 28.43 percent for aquafeed, 39.49 percent for fishing boat,
19.54 percent for fish processing and 27.28 for fish marketing).
• A comparison of Table 1 (row 1, column 12) and Table 2 (row 1, column 9) indicates
that the USD 240 million aquaculture products used by the economy for final use
includes only USD 6 million (USD 5.65 million to be exact) imported aquaculture
products, which accounts for 2.36 percent of aquaculture’s final use. However,
Figure 3 indicates that aquaculture’s USD 240 million final use contains 26.85 percent
import content. This is mainly because aquaculture uses a large amount of imported
aquafeed (USD 85 million).5 The 26.85 percent import content of aquaculture’ final
use is composed of 24.5 percent imported intermediate products directly or indirectly
used by the aquaculture industry (imported aquafeed, imported seed, etc.) and
2.36 percent imported final products (imported tilapia fillets, imported lobsters, etc.).
• The entire economy’s USD 65 049 million final use contains 23.13 percent import
content, including 7.22 percent from final products and 15.91 percent from
intermediate products. Among the seven industries, only fishing has a larger import
content from final products than that from intermediate products (Figure 3).

3
4
5

Numbers may not add up because of rounding.
The GVA ratio of an industry is equal to its GVA divided by its output.
The USD 85 million is equal to aquaculture’s USD 150 million total aquafeed input (Table 1: row 3,
column 1) minus its USD 65 million domestic aquafeed input (Table 2: row 3, column 1).
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FIGURE 3

Linking an industry/sector/economy’s final use to the GVA of domestic industries and the import contents

Note: ROE = rest of the economy.
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Spurious linkages
Although the fishing boat-building industry purchases no intermediate inputs from
aquaculture, fishing, aquafeed, fish processing or fish marketing (Table 2), some
portions of its final use are attributed to these industries (Figure 3) because fishing boat
purchases from ROE and ROE purchases from these industries (Table 2). However, this
could reflect the fishing boat’s spurious backward linkages to these industries through
ROE as an aggregate sector that includes multiple industries. For example, ROE can
be backward linked to aquaculture through the restaurant and food catering industry’s
purchase of farmed fish from aquaculture, and fishing boat can be backward linked
to ROE through its purchase of steel from the metal industry. While these two links
are disconnected at the industrial level because the metal industry does not buy from
the restaurant and food catering industry, they would be seemingly connected through
ROE as an aggregate sector.
Using the GVA-FU matrix for policy and planning: an example
By establishing links between GVA and final use at the industrial level, a GVA-FU
matrix, such as Table 3, facilitates a deeper understanding of individual industries’
contribution to GDP from both the supply side (i.e. GVA) and the demand side (i.e.
final use). The comprehensive perspective is important to the proper use of GDP
indicators for policy and planning. The following example is provided.
When examining Table 1 or Table 2, it is not difficult to verify that the GVA of
the four-industry fish sector (comprising aquaculture, fishing, fish processing and fish
marketing) is USD 1 080 million, which is 2.16 percent of the USD 50 000 million
GDP of the entire economy. Suppose that the economy has a large amount of
underutilized resources and capacity that allows the four-industry fish sector to double
its scale; hence, the government intends to set targets to double the sector’s GVA to
USD 2 160 million and its percentage of GDP to 4.32 percent. Are these targets feasible,
and what should the government do to achieve them?
Doubling the fish sector’s production would not automatically double its GVA
– it is likely that an increase in the sector’s production does not raise its economic
contribution because the increased production may be associated with a decline in the
price. Doubling the fish sector’s GVA would not automatically double its percentage
of GDP because the increased GVA may be associated with an increase in the GDP of
the entire economy. Therefore, evaluating the policy targets on the fish sector’s GVA
entails an assessment of its GVA from the demand-side perspective.
Three donut charts for assessing GVA from the demand-side perspective
Figure 4 includes three donut charts for assessing the fish sector’s GVA from
the demand-side perspective (see the figure notes for details). The first donut
chart, Figure 4(a), shows that 80 percent (USD 859 million) of the fish sector’s
USD 1 080 million GVA is attributable to its own final use. This indicates that the fish
sector’s GVA is mostly linked to its own final use. Therefore, when assessing the policy
targets on doubling the fish sector’s economic contribution, the first thing to consider
should be whether and how an increase in the fish sector’s GVA can be accommodated
by an increase in its own final use.
An increase in the fish sector’s final use would certainly help increase the fish sector’s
GVA, yet the magnitude would not be one to one; this is due to the fact that the fish
sector’s final use contains not only its own GVA, but also the GVA of the non-fish
sector in addition to the import content.
As indicated in Figure 4(b), the fish sector’s USD 1 470 million final use contains
USD 1 385 million (94 percent) domestic fish products and USD 85 million (6 percent)
imported fish products.6 The USD 1 385 million domestic fish products are composed
	The fish sector’s USD 1 470 million final use represents the value of various fish products (whole fish, fish
fillet, dried fish, canned fish, etc.) supplied by the domestic fish sector or imported from foreign countries.
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FIGURE 4

Three donut charts for assessing the fish sector’s GVA from the demand-side perspective

Notes: The fish sector includes aquaculture, fishing, fish processing and fish marketing, whereas the non-fish sector
includes aquafeed, fishing boat and rest of the economy. Figure 4(a) is based on the aggregate result of rows 2, 3, 6 and 7
in Table 3 for the fish sector (including columns 1, 2, 5 and 6) and the non-fish sector (including columns 3, 4 and 7). Figure
4(b) is based on the aggregate result of the matrix comprising rows 1, 2, 5 and 6 and columns 9 to 11 in Table 1. Figure
4(c) shows the aggregate result of columns 1, 2, 5 and 6 in Table 3 for the fish sector (including rows 2, 3, 6 and 7) and
the non-fish sector (including rows 4, 5 and 8).
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of USD 1 176 million domestic content and USD 209 million indirect import content.
The USD 1 176 million domestic content is composed of USD 859 million fish sector’s
GVA and USD 317 million non-fish sector’s GVA. The USD 209 million indirect
import content represents the imported intermediate inputs used in the domestic fish
production and marketing, as opposed to the USD 85 million direct import content
representing imported fish products for final use.
The USD 209 million imported intermediate inputs include both fish products
(e.g. imported raw fish materials for processing) and non-fish products (e.g. imported
aquafeed ingredients); it can be verified from Table 1 and Table 2 that the amount of the
imported intermediate fish products is USD 59 million.7
Finally, Figure 4(c) indicates that 71 percent (USD 1 040 million) of the fish sector’s
USD 1 470 million final use is for domestic final use (including USD 1 000 million
domestic final consumption and USD 40 million capital formation, or more specifically,
inventory accumulation); the remaining 29 percent (USD 430 million) is for export.
With the three donut charts explained, they can enable an examination of how the
final use could be changed to facilitate an increase in the fish sector’s GVA.
Own GVA-FU ratio
As shown in Figure 4(b), the fish sector’s USD 1 470 million final use comprises
primarily USD 1 385 million final use of domestic products; and the USD 1 385 million
domestic final use contains USD 859 million GVA generated in the fish sector. Thus, the
fish sector’s own GVA-FU ratio would be 0.62 (equal to the USD 859 million divided
by the USD 1 385 million), which implies that a USD 1 increase in the fish sector’s
domestic final use would tend to result in USD 0.62 increase in its GVA.
Increasing the fish sector’s GVA through import substitution
With its USD 1 470 million total final use remaining the same, the fish sector’s GVA
could be increased through import substitution. The economy imports USD 85 million
of fish products for final use (i.e. the direct import in Figure 4(b) and USD 59 million
of fish products for intermediate consumption; see footnote 7). If both imports are
completely substituted by the domestic production, the fish sector’s domestic final use
can be increased by USD 144 million (equal to USD 85 million plus USD 59 million),
which, given the fish sector’s 0.62 own GVA-FU ratio, would result in a USD 89 million
(equal to USD 144 million multiplied by 0.62) increase in the fish sector’s GVA.
The potential USD 89 million increase in the fish sector’s GVA through the import
substitution would be able to increase the fish sector’s USD 1 080 million GVA by
8 percent and increase its percentage of GDP slightly from 2.16 percent to
2.34 percent. Therefore, import substitution could only offer slight assistance towards
the government’s goal to double the fish sector’s economic contribution.
Increasing the fish sector’s GVA through higher domestic fish consumption
Given the fish sector’s 0.62 own GVA-FU ratio, the fish sector’s domestic final use
would need to increase by USD 1 741 million in order to increase the sector’s GVA by
USD 1 080 million (i.e. doubling the current level).8 This means that the domestic fish
consumption would need to increase by 174 percent from its USD 1 000 million current
level in order to increase the fish sector’s GVA by 100 percent.
An increase in fish consumption by this magnitude tends to take time. For example,
it took two decades for China’s total fish consumption to increase from 17 million
tonnes (live weight equivalent) in 1993 to 52 million tonnes in 2013. Mostly, the
	The USD 59 million is equal to the sum of the numbers in: (i) the matrix composed of rows 1–2 and
columns 1–2; (ii) the matrix composed of rows 5–6 and columns 1–2; (iii) the matrix composed of rows 1–2
and columns 5–6; and (iv) the matrix composed of rows 5–6 and columns 5–6 in Table 1 minus the sum of the
same set of numbers in Table 2. The result may be slightly different from USD 59 million because of rounding.
8
	The USD 1 714 million is equal to the USD 1 080 million divided by 0.62; the result may not be exact
because of rounding.
7
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200 percent increase was a result of the 165 percent increase in the country’s per capita
fish consumption from 14 kg (live weight equivalent) in 1993 to 38 kg in 2013, and the
rest from its 14 percent population growth during the period (FAO, 2018b).
Yet, the required time for achieving this increase could be shorter for a country with
a relatively low per capita fish consumption. For example, since aquaculture production
in Armenia started taking off in 2006 (FAO, 2018c), it took the country only eight years
to triple its total fish consumption by increasing its per capita fish consumption from
1.5 kg (live weight equivalent) in 2006 to 4.5 kg in 2013 (FAO, 2018b).
While an increase in domestic fish consumption raises the fish sector’s GVA, the
sector’s percentage of GDP may nevertheless not increase accordingly. For example, a
fish consumption hike driven by population or income growth may have little impact on
the fish sector’s percentage of GDP because the growing or wealthier population would
tend to increase not only fish consumption but also the consumption of other goods and
services. From another angle, population or income growth would tend to drive up the
fish sector’s GVA and the entire economy’s GDP at the same time; hence the fish sector’s
percentage of GDP may not rise (and could actually decline) with its increased GVA.
In contrast, a fish consumption hike driven by an increase in the consumer’s
preference over fish consumption is more likely to increase the fish sector’s percentage
of GDP. However, food composition in a country could be quite stable. For example,
despite the 165 percent increase in China’s per capita fish consumption between 1993
and 2013, its fish share in animal protein intake increased slightly from 19.6 percent
to 21.4 percent (FAO, 2018b). Yet, a country with a relatively low fish share in animal
protein may be able to double the share. For instance, as Armenia tripled its per
capita fish consumption between 2006 and 2013, its fish share in animal protein intake
increased more than double, from 1.3 percent to 3.0 percent (FAO, 2018b).
Increasing the fish sector’s GVA through export expansion
As indicated in Figure 4(c), if the USD 1 741 million increase in the fish sector’s domestic
final use (needed to double its USD 1 080 million GVA) needs to be completely absorbed
by export expansion, then the sector’s export would need to increase by four times from
its current level (USD 430 million). The feasibility of the export expansion depends
on the export market potential of the country’s fish production. Generally speaking,
a country with a small share in the export market may be more likely to increase its
export in a large magnitude.
Compared to the case of expansion in domestic fish consumption, an increase in
the fish sector’s GVA through export expansion would be more likely to result in an
increase in the sector’s percentage of GDP because the increase is not bounded by the
country’s fish share in food consumption or total expenditure. For example, as the GVA
of the export-oriented fisheries sector in Iceland increased from around ISK 80 billion
(Icelandic króna) to over ISK 120 billion between 2007 and 2010, the sector’s percentage
of GDP increased from around 6 percent to above 10 percent (Sigfusson, Arnason and
Morrissey, 2013).
Increasing the fish sector’s GVA through expansion in non-fish sector’s final use
As indicated in Figure 4(a), 20 percent of the fish sector’s USD 1 080 million GVA
is attributable to the non-fish sector’s final use. This 20 percent represents the
USD 221 million of the fish sector’s GVA that primarily goes to the products of
industries that utilize fish products as intermediate inputs (seafood restaurants and
catering, aquariums, ecotourism, feed manufacturing, jewelry, pharmaceuticals, etc.).
As the input-output tables here (Table 1 and Table 2) provide little information about
such fish-related industries in ROE, it is not possible to evaluate the potential of raising
the fish sector’s GVA through an increase in the non-fish sector’s final use. However,
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the potential could be substantial. For example, because of a strong global demand for
gelling agents, the farmgate value of red seaweed aquaculture in Indonesia has increased
over five times during the period 2006–2016 (FAO, 2018c).
3.3 GVA as an inadequate measure of a industry/sector’s contribution to
GDP
In the economy described in Table 1 and Table 2, the aquaculture industry produces
USD 500 million of goods and services. Yet its GVA is only USD 250 million because
half of the USD 500 million output reflects the value of intermediate inputs.
Suppose that as commercial feeds become better and cheaper whereas labour
becomes more expensive, the aquaculture industry substitutes farm-made feed with
commercial feed. Accordingly, it increases its purchase from the aquafeed industry
by USD 20 million, reduces its purchase of feed ingredients from ROE by USD 10
million, and cuts its labour cost by USD 10 million. After the change, aquaculture’s
output would remain unchanged at USD 500 million, yet its GVA would decline by
USD 10 million to USD 240 million because of the USD 10 million reduction in
aquaculture’s “compensation to employees”, and its intermediate input would increase
by the USD 10 million because of the combined effect of the USD 20 million increase
in the purchase of commercial feed and the USD 10 million decline in the purchase of
feed ingredients.
In this situation, the aquaculture GDP is decreased by USD 10 million because
some aquafeed production is shifted from the aquaculture industry to the aquafeed
industry. Should the decline be interpreted as evidence that shifting from farm-made to
commercial feed would tend to reduce the economic performance of aquaculture? The
answer tends to be negative because the shift, while causing a decline in the aquaculture
GDP, would tend to increase GVA in the commercial feed and other industries.
Suppose that after consolidating numerous small processing plants into a few large
plants, the fish processing industry gains enough market power to reduce the prices
of raw materials purchased from aquaculture and fishing by 20 percent (i.e. paying
only USD 80 million to the original USD 100 million purchase from aquaculture and
USD 160 million for the original USD 200 million purchase from fishing). Assuming
other things remain unchanged, fish processing’s GVA would be increased by
USD 60 million; aquaculture and fishing’s GVA would be reduced by, respectively,
USD 20 million and USD 40 million; and the entire economy’s GDP would remain
unchanged. In this situation, should the increase in fish processing’s GVA be interpreted
as evidence that the fish processing industry has increased its economic performance
because of its increased market power? The answer tends to be negative because the
increase in the fish processing GDP is at the cost of declined GDP in other industries,
and the overall GDP of the entire economy has remained unchanged.
These two examples indicate that an industry/sector’s GVA, when used alone, could
be a misleading indicator for evaluating its economic performance over time. Therefore,
while an industry/sector’s GVA is a basic measure of its direct contribution to GDP, it
may not adequately capture its overall economic contribution and hence may need to
be supplemented with measures of its indirect contribution to GDP.
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4. Understanding and measuring
aquaculture and/or fisheries’
indirect contribution to gross
domestic product (GDP)
In a nutshell, an industry/sector’s indirect contribution to GDP is measured by the GVA
that it helps generate in other industries. Such indirect contribution is often estimated
by an industry/sector’s economic impact on other industries under certain assumptions.
Yet it is important to understand it from both the “impact” and “contribution”
perspectives. This can be facilitated by decomposing an industry or sector’s output into
different components.
4.1 Decomposition of an industry/sector’s output into four components
As indicated in Table 2 (column 1), aquaculture’s USD 500 million output is equal to the
sum of USD 156 million domestic intermediate input (the sum from row 1 to row 7);
USD 94 million imported input (row 8); and USD 250 million GVA (row 9). Similarly,
the USD 65 million aquafeed (row 3) used by aquaculture can be decomposed into
domestic intermediate input, imported intermediate input and GVA generated in the
production of the USD 65 million aquafeed. Going one step further, the value of each
of aquafeed’s domestic intermediate inputs (e.g. soybean meal supplied by ROE) can be
decomposed into three similar components and so on.
Applying the decomposition method to upstream industries step by step along the
aquaculture value chain and consolidating the components, aquaculture’s output can
eventually be decomposed into four components:
Output = direct GVA + indirect GVA (through backward linkage)
+ import content + double counting (1)
The first three are core components, including: (i) USD 250 million direct GVA
generated in aquaculture; (ii) USD 111 million indirect GVA generated in aquaculture’s
upstream industries and channeled into the aquaculture output through intermediate
consumption; and (iii) USD 121 million import content that includes imported inputs
that the aquaculture industry uses directly (totalled USD 94 million) and indirectly
through intermediate consumption (totalled USD 26 million). The last component is a
USD 19 million double-counting element that needs clarification.
Suppose that the aquaculture industry includes a hatchery sub-industry that
produces USD 10 million fingerlings sold entirely to domestic fish farmers, and the
USD 10 million fingerling output corresponds to the sub-industry’s USD 3 million
domestic input, USD 2 million imported input and USD 5 million GVA.9
In this situation, the USD 10 million fingerling output would be counted twice into
the USD 500 million aquaculture output, directly as the hatchery output and, at the
same time, indirectly through the output of fish farming that uses the USD 10 million
fingerlings as an input. Such a double-counted value is captured in the last component
in equation (1).
	For the purpose of illustration, the example assumes that hatcheries are a sub-industry of aquaculture,
whereas in the China Input-Output Table 2007 (NBS, 2009), fish seed production (i.e. hatcheries) is
actually included not in the aquaculture industry but in the agricultural services industry.
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Generally speaking, the more the intra-industry transactions an industry has, the
greater the double-counting component in its output would be. For example, when
viewed as a single, aggregate sector where transactions among all industries are intrasector trade, the entire economy has USD 150 000 million total output (Table 1), which
is three times as large as its USD 50 000 million GVA.
Filtering out the double-counted value is necessary to avoid double counting in the
first three core components in equation (1). Otherwise, the USD 5 million fingerling
GVA would be double counted as aquaculture’s direct GVA and, at the same time, as
its indirect GVA through its linkage to itself (or more specifically, its linkages to the
hatchery sub-industry), and the USD 2 million imported input would be counted twice
in the import content.
Though the decomposition method discussed above is conceptually appealing,
it remains difficult to apply empirically. In equation (1), the second component
(USD 111 million indirect GVA) and the third component (USD 121 million
import content) are actually estimated by a hypothetical extraction model that will
be discussed in section 4.2. The first component (USD 250 million direct GVA) is
given in Table 2; the last component (USD 19 million double counting) is calculated
by subtracting the first three components from the USD 500 million aquaculture
output.10
In addition to aquaculture, the decomposition method can be applied to the other six
industries in Table 2. The results (Table 4 and Figure 5) indicate that:
• The share of total direct and indirect GVA in output varies from 33 percent (for
ROE) to 92 percent (for fishing). The low share for ROE (33 percent) is primarily
attributable to the output of the aggregate sector having a large double-counting
component.
• An industry/sector’s indirect GVA can be greater than its direct GVA. This is the case
for aquafeed, fishing boat and fish processing, which use relatively more intermediate
inputs.
• The share of import content in output varies from 6 percent (for fishing) to 24 percent
(for aquaculture). The high import content of the aquaculture output is primarily
because of its use of a large amount of imported aquafeed.
• The double-counting component in an industry/sector’s output reflects mostly
its intermediate input from itself. Indeed, the USD 17 million double-counting
component in fishing boat’s output is exactly equal to its intermediate input from
itself (Table 2: row 4, column 4) because of its lack of inter-industrial linkages.
• The share of double counting in output varies from 2 percent (for fishing) to
60 percent (for ROE). ROE has a large double-counting component in its output
because it is a sector that includes a large number of industries, and transactions
among these industries are ROE’s intermediate input from itself.
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 The numbers may not add up exactly because of rounding.
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FIGURE 5

Decomposition of an industry/sector’s output
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4.2

Aquaculture and/or fishing’s indirect contribution to GDP through
backward linkage
An industry/sector’s indirect GVA in Table 4 is GVA generated in upstream industries
and channelled into the industry/sector’s output through direct or indirect intermediate
inputs. Such indirect GVA can be used to measure an industry/sector’s indirect
contribution to GDP through backward linkage.11
An industry/sector’s indirect contribution to GDP through backward linkage can
be estimated by a hypothetical extraction model based on the Leontief input-output
framework (Miller and Blair, 2009). The model estimates how the removal of an
industry/sector would, under certain assumptions, affect the entire economy through
backward linkage.
For example, under the assumptions in the model, the removal of aquaculture would
cause a decline in the aquafeed production because of the loss of aquaculture’s purchase
of aquafeed; the decline in the aquafeed production would in turn reduce soymeal
production; the reduction in the soymeal production would further reduce the soybean
production; and so on and so forth. The hypothetical extraction model can estimate
the total impact of the removal of aquaculture on the output of the economy; then the
economy-wide impact on GVA can be estimated accordingly.
The mathematical details of the model set-up (including the underlying assumptions)
and the estimation method are discussed in Appendix II. More examples of hypothetical
extraction models or similar models (e.g. mixed exogenous/endogenous models or
output-driven models) can be found in Leung and Pooley (2002), Cai and Leung
(2004), Cai et al. (2005), Fernandez-Macho, Gallastegui and Gonzalez (2008), Seung
and Waters (2009), and Morrissey and O’Donoghue (2013).
Aquaculture’s indirect contribution to GDP
Given the three underlying assumptions specified in Appendix II, the removal
of the aquaculture industry (i.e. ∆xaq = -500) would result in the loss of its own
USD 250 million GVA as well as USD 111 million GVA in other industries through
its backward linkage to upstream industries. The USD 111 million indirect backwardlinkage impact includes primarily the USD 76.29 million in ROE, USD 16.56 million in
aquafeed, and USD 10.82 million in fishing (Table 5).
From the accounting perspective (Table 4), aquaculture’s USD 250 million direct
GVA and its USD 111 million indirect GVA are two core components of aquaculture’s
USD 500 million output. The former represents GVA generated in aquaculture, whereas
the latter is GVA generated in aquaculture’s upstream industries and channeled into
aquaculture output. The two components account for 72 percent of its USD 500 million
output – the remaining 28 percent is accounted for primarily by the import content
together with a small amount of double counting through aquaculture’s intra-industry
transactions (Table 4).
From the impact perspective (Table 5), aquaculture directly contributes
USD 250 million to GDP through its direct GVA, and it indirectly contributes
USD 111 million to GDP through its potential backward-linkage impact on the other
six industries, i.e. the removal of aquaculture could cause a USD 111 million loss in the
GVA of the other six industries.
In a slightly different, ex ante version, one may say that aquaculture indirectly
contributes USD 111 million to GDP in the sense that without aquaculture’s
USD 500 million output, the USD 111 million GVA in the six other industries may not
have been generated.
An industry/sector’s backward linkage represents its relationship with upstream industries along the value
chain, whereas its forward linkage represents its relationship with downstream industries. The indirect GVA in
Table 4 is indirect contribution through backward linkage because it represents GVA generated in an industry/
sector’s upstream industries that sell intermediate products to the industry/sector directly or indirectly along the
value chain (see Cai and Leung, 2004, for more discussion on measures of inter-industry linkage).
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It is important to note that the USD 111 million impact (whether interpreted as an ex
post or ex ante impact) is a potential impact based on the three underlying assumptions
specified in Appendix II; thus, the impact may not come true when the assumptions are
unrealistic.
For example, in Table 5 the removal of aquaculture (i.e. ∆xaq = -500) would potentially
cause a USD 16.56 million loss of GVA in the aquafeed industry because it is assumed
that the aquafeed output sold to aquaculture would be lost after the disappearance of
the aquaculture industry (assumption ii in Appendix II). However, as the aquafeed
industry may be able to divert the aquafeed unwanted by domestic aquaculture to
foreign markets, the GVA loss in aquafeed could be less than USD 16.56 million.
Table 5

Direct and indirect contribution of aquaculture and/or fishing to GDP (million USD)
Removal of aquaculture, fishing or both
Row no.

Impacts on GVA in:

1

Aquaculture
∆xaq = -500

Fishing
∆xfi = -400

Aquaculture and fishing
(∆xaq = -500 and ∆xfi = -400)

Aquaculture

-250.00

-1.13

-250.00

2

Fishing

-10.82

-300.00

-300.00

3

Manufacture of aquafeed

-16.56

-0.07

-16.56

4

Building of fishing boats

-

-

-

5

Fish processing

-3.69

-0.06

-3.73

6

Fish marketing

-3.25

-1.31

-4.50

7

Rest of the economy (ROE)

-76.29

-65.98

-139.57

8

Total direct and indirect contribution
(equal to the absolute value of the
sum of rows 1–7)

361

369

714

9

Direct contribution

250

300

550

10

Indirect contribution

111

69

164

Note: “-” represents zero.

Fishing’s indirect contribution to GDP
Similarly, under the assumptions specified in Appendix II, the removal of the fishing
industry (i.e. ∆xfi = -400) would result in the loss of its own USD 300 million GVA
as well as USD 69 million GVA in other industries through its backward linkage to
upstream industries. The indirect backward-linkage impact includes mostly the
USD 65.98 million in ROE (Table 5: the penultimate column).
Therefore, the total direct and indirect contribution of fishing to GDP is
USD 369 million, including USD 300 million direct GVA generated in the fishing
industry and USD 69 million indirect GVA generated in fishing’s upstream industries
and channelled to the fishing industry through direct and indirect intermediate inputs.
Fishing’s total contribution to GDP is nearly the same as that of aquaculture. Yet
its direct contribution to GDP (USD 300 million) is much greater than aquaculture,
whereas its indirect contribution (USD 69 million) is much smaller. This reflects that
fishing uses considerably less intermediate inputs than aquaculture (Table 2).
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Aquaculture and fishing’s indirect contribution to GDP
The total direct and indirect contribution of aquaculture and fishing as a whole can be
measured by the linkage impact of the removal of aquaculture and fishing altogether
(i.e. ∆xaq = -500 and ∆xfi = -400). The results (Table 5: the last column) indicate that
under the assumptions specified in Appendix II, the removal of aquaculture and
fishing altogether would result in the loss of USD 550 million direct GVA in the sector
(USD 250 million and USD 300 million for aquaculture and fishing, respectively) and
the loss of USD 164 million indirect GVA in the other four industries on the fish value
chain and ROE.
Therefore, aquaculture and fishing’s total contribution to GDP is USD 714 million,
including USD 550 million direct GVA generated in aquaculture and fishing and USD
164 million indirect GVA generated in aquaculture and fishing’s upstream industries
and channelled to the sector through direct and indirect intermediate inputs.
The USD 714 million aquaculture and fishing’s total contribution to GDP is slightly
less than the sum of the two industries’ individual direct and indirect contribution
(USD 730 million) – the difference is due to the indirect contribution (Table 5: row 10).
This example indicates that it is inappropriate to use the sum of individual industries’
indirect contributions as a measure of their overall indirect contribution because of
double counting; instead, the proper way is to estimate the indirect impact of the
removal of these industries altogether (see the estimation details at the beginning of
Appendix III).
4.3

Aquaculture and fishing’s indirect contribution to GDP through its
forward linkage to fish processing
In Table 5, the removal of aquaculture and fishing altogether would result in a
USD 3.73 million (or 2.2 percent) loss of fish processing’s USD 170 million GVA
(Table 2: row 9, column 5). This is a small backward-linkage impact caused primarily by
the loss of fish processing’s sales to the shrinking aquafeed industry after the removal of
aquaculture. It indicates that aquaculture and fishing’s USD 500 million output contains
USD 3.73 million GVA generated in fish processing and channeled to aquaculture
and fishing primarily through aquaculture’s purchase from aquafeed, which uses fish
processing’s products (e.g. processing wastes) as a feed ingredient.
Aquaculture and fishing products are a major input to fish processing; as indicated in
Table 1 (column 5), the USD 300 million aquaculture and fishing products account for
more than half of fish processing’s USD 530 million total intermediate input. Therefore,
the removal of the aquaculture and fishing industry would tend to significantly affect
the business of fish processing through forward linkage. This tends to be the case
for most countries, except for those few with substantial, established businesses for
processing imported fish (e.g. Thailand).
However, the model in Appendix II is unable to capture the potential forward
linkage impact of aquaculture and fishing on fish processing, because assumption iii
of the model stipulates that, after the removal of aquaculture and fishing, their sales to
other industries can be completely replaced by import.
As indicated in Table 2 (column 5), fish processing purchases USD 258 million from
domestic aquaculture and fishing, which is 86 percent of its USD 300 million purchase
of domestic and imported aquaculture and fishing products. In order to capture
aquaculture and fishing’s potential forward-linkage impact processing, we can assume
that the removal of the two industries would lead to an 86 percent decline in the fish
processing business.
In this situation, the indirect contribution of aquaculture and fishing to GDP can be
measured by the backward linkage impact of:
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(i)	complete disappearance of the USD 500 million aquaculture output
(∆xaq = -500);
(ii)	complete disappearance of the USD 400 million fishing output (∆xfi = -400);
(iii)	USD 602 million (86 percent) decline in the USD 700 million fish processing
output (∆xprocessing = -602).
The estimation details are discussed in Appendix III. The results indicate that
when their potential forward linkage impact on fish processing is accounted for, the
indirect contribution of aquaculture and fishing to GDP becomes USD 404 million
(Table 6: column 2). This is USD 240 million higher than the USD 164 million indirect
contribution to GDP when only aquaculture and fishing’s backward linkage impact
is accounted for (Table 6: column 1). Fish processing’s GVA accounts for most of the
USD 240 million difference, and the rest mostly reflects GVA generated in ROE and
channelled into the output of fish processing through fish processing’s USD 108 million
purchase from ROE (Table 2).
Table 6

Direct and indirect contribution of aquaculture and fishing to GDP (million USD) with missing
linkages accounted for
Row
no.

Column no.

Impacts on GVA in:

1

2

3

4

∆xaq = -500
∆xfi = -400

∆xaq = -500
∆xfi = -400
∆xprocessing = -602

∆xaq = -500
∆xfi = -400
∆xprocessing = -602
∆fmarketing = -423

∆xaq = -500
∆xfi = -400
∆xprocessing = -602
∆fmarketing = -423
∆fboat = -93

1

Aquaculture

-250

-250

-250

-250

2

Fishing

-300

-300

-300

-300

3

Manufacture of aquafeed

-17

-17

-17

-17

4

Building of fishing boats

-

-

-

-35

5

Fish processing

-4

-146

-146

-146

6

Fish marketing

-4

-20

-288

-288

7

Rest of the economy

-140

-221

-336

-377

8

Direct contribution
(absolute value
of the sum of rows 1 and 2)

550

550

550

550

9

Indirect contribution
(absolute value
of the sum of rows 3 to 7)

164

404

787

863

10

Total direct and indirect
contributions
(sum of row 8 and row 9)

714

954

1 337

1 413

4.4 Aquaculture and fishing’s indirect contribution through fish marketing
Under the three assumptions specified in Appendix II, the removal of aquaculture and
fishing (together with the resulting 86 percent decline in fish processing) would cause a
USD 20 million decline in fish marketing’s GVA (Table 6: column 2).
This backward linkage impact, which is only 6.4 percent of fish marketing’s USD
360 million GVA (Table 2: row 9, column 6), reflects GVA generated in fish marketing
activities that supply fish products as intermediate inputs (e.g. transporting farmed fish
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harvest to processing plants or transporting fish processing waste to fishmeal producers).
However, GVA generated in fish-marketing activities that supply fish products to
final use is not captured by the estimation results in the first two columns in Table 6
because of the way transport and trade margins are accounted for in the input-output
table (Table 1 and Table 2).
Table 2 (column 9) indicates that the three domestic fish-producing industries sell
885 million to final use (USD 234 million from aquaculture, USD 188 million from
fishing, and USD 462 from fish processing). These are farmgate or plant-gate values
that do not include transport and trade margins charged by transporters, wholesalers or
retailers for delivering the products to final use. Such margins are accounted for in the
USD 500 million final use of fish marketing (Table 1: row 6, column 12).
The USD 500 million includes transport and trade margins for marketing both
domestic and imported fish products. After the removal of aquaculture and fishing and the
consequent 86 percent decline in fish processing’s output, aquaculture’s USD 234 million
sales to final use would disappear, as would fishing’s USD 188 million. Fish processing’s
USD 462 million sales to final use would decline 86 percent (i.e. USD 398 million).
Thus, the sum of these three numbers (USD 821 million) represents the decline in the
domestic fish products sold to final use because of the removal of aquaculture and fishing.
The underlying assumption in ii, specified in Appendix II (also applicable to the
estimations in Appendix III), stipulates that fish marketing’s final use would not be
affected by the removal of aquaculture and fishing. This essentially assumes that after
the removal of aquaculture and fishing, imported fish products would cover the loss
of domestic fish products in the final consumption market; hence, the business of fish
marketing servicing the consumer market would not be affected; as mentioned above,
fish marketing would lose a little business in distributing intermediate fish products.
Now let us relax assumption ii by assuming that after the removal of aquaculture
and fishing, none of the USD 821 million decline in domestic fish products sold to
final use would be replaced by import. Since the USD 821 million decline is 85 percent
of the USD 970 million fish products for final use,12 it can be assumed that the decline
would cause an 85 percent (i.e. USD 423 million) drop in fish marketing’s USD 500
million sales to final use (which represents the transport and trade margins it earns from
marketing fish products for final use).
In this situation, the indirect contribution of aquaculture and fishing to GDP can be
measured by the backward-linkage impact of:
(i)	complete disappearance of the USD 500 million aquaculture output
(∆xaq = -500);
(ii)	complete disappearance of the USD 400 million fishing output (∆xfi = -400);
(iii)	USD 602 million (86 percent) decline in the USD 700 million fish processing
output (∆xprocessing = -602);
(iv)	USD 423 million decline in fish marketing’s final use (∆fmarketing = -423).
The estimation details are discussed in Appendix IV. The results indicate that
when the GVA generated in the distribution of domestic fish products to final use is
accounted for, the indirect contribution of aquaculture and fishing to GDP becomes
USD 787 million (Table 6: column 3). The amount is USD 382 million more than the
USD 404 million indirect contribution in the case where the fish marketing GVA is not
accounted for (Table 6: column 2). Most of the USD 382 million difference reflects the
GVA directly generated in fish marketing, and the rest is due to the GVA generated in
ROE for providing goods and services to fish marketing.
	 According to Table 1 (column 12), aquaculture, fishing and fish processing sell, respectively,USD 240 million,
USD 210 million and USD 520 million to final use. The sum of the three is USD 970 million.
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4.5

Aquaculture and fishing’s indirect contribution through fishing boat
building
In each of the first three columns in Table 6, the removal of aquaculture and fishing
would have no impact on the GVA of the fishing boat-building industry. This reflects
that the fishing boat-building industry has no sales to intermediate consumption
(Table 2), which seems puzzling because aquaculture and fishing should be the main
users of the fishing vessels built by the fishing boat-building industry.
They are indeed; yet fishing vessels purchased by aquaculture and fishing are not
intermediate consumption but investments accounted for in the USD 110 million
capital formation in the final use of the fishing boat-building industry (Table 1).
The USD 110 million includes both domestically produced and imported fishing
vessels. The domestic fishing boat-building industry sells USD 133 million to final use
(Table 2: row 4, column 9), which includes USD 40 million export (Table 1: row 4, column
11). The difference between the two numbers (i.e. USD 93 million) measures the value
of fish vessels manufactured by the fishing boat-building industry for domestic use.
As aquaculture and fishing are the main users of fishing vessels, GVA generated in
the manufacturing of the USD 93 million fish vessels could be counted as their indirect
contribution to GDP. In this situation, the indirect contribution of aquaculture and
fishing to GDP can be measured by the backward-linkage impact of:
(i)	complete disappearance of the USD 500 million aquaculture output
(∆xaq = -500);
(ii) complete disappearance of the USD 400 million fishing output (∆xfi = -400);
(iii)	USD 602 million (86 percent) decline in the USD 700 million fish processing
output (∆xprocessing = -602);
(iv) USD 423 million decline in fish marketing’s final use (∆fmarketing = -423);
(v) USD 93 million decline in fishing boat’s final use (∆ffishing boat = -93).
The estimation details are briefly discussed in Appendix V. The results indicate that
when their linkage to the fishing boat-building industry is accounted for, aquaculture
and fishing’s indirect contribution to GDP increases slightly from USD 787 million
(Table 6: column 3) to USD 863 million (Table 6: column 4).
The USD 76 million difference reflects GVA generated in activities for building
the USD 93 million fishing vessels, which primarily include USD 35 million GVA in
the fishing boat-building industry and USD 41 million GVA in ROE; the 41 million
is equal to USD 377 million (Table 6: row 7, column 4) minus USD 336 million
(Table 6: row 7, column 3).
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5. A satellite account approach
to measuring the contribution of
aquaculture and fisheries to gross
domestic product (GDP)
Input-output models are a highly useful tool for evaluating GDP contribution at the
industrial or sectoral level and should become an essential component of the apparatus
for sector assessment and monitoring in the long run. However, input-output tables
are not readily available for many countries. When available, a country’s inputoutput tables may nevertheless not include a distinct aquaculture and fisheries sector
– oftentimes aquaculture and fisheries are implicitly included under the “agriculture,
forestry, hunting and fishing” sector.
In this situation, the contribution of aquaculture and fisheries to GDP can be
measured by the GVA of an “extended aquaculture and fisheries sector” that is composed
of key industries on the fish value chain. Such a satellite account approach has been
used to measure the value of African fisheries (de Graaf and Garibaldi, 2014), where
the extended aquaculture and fisheries sector includes aquaculture, fishing and fish
processing. The approach has also been used in the China Fishery Statistics Yearbooks
(e.g. CFSY, 2008) to measure the value of the “fish economy” that includes key industries
on the fish value chain, such as fishing, hatchery, fish farming, fish processing, aquafeed,
fish medicine, machinery (including fishing vessels), construction, fish marketing, and
recreational fisheries.
In Table 1, the six industries on the fish value chain (aquaculture, fishing, aquafeed,
fishing boat, fish processing and fish marketing) can be deemed an extended aquaculture
and fisheries sector, and their total GVA (USD 1 190 million) can be used to measure
the contribution of aquaculture and fisheries to GDP.
The USD 1 190 million “satellite account” measure of aquaculture and fisheries’
contribution to GDP is smaller than the USD1 413 million “input-output” measure
(Table 6: column 4). A detailed comparison is shown in Figure 6.
5.1

Comparison between the satellite account approach and the
input-output approach
Figure 6 shows that both the input-output approach and the satellite account approach
include GVA generated in industries other than aquaculture and fishing. However, the
interpretation of such GVA is different.
Under the input-output approach, the aquaculture and fisheries sector is narrowly
defined as composed of only the aquaculture industry and the fishing industry. Thus,
GVA generated in the two industries is treated as the sector’s direct contribution to
GDP, while GVA generated in other industries and linked to the two industries through
various inter-industry linkages (discussed in section 4) is its indirect contribution.
Under the satellite account approach, the extended aquaculture and fisheries sector
is broadly defined as composed of the six key industries on the fish value chain. In
this situation, the concept of “indirect” contribution” is irrelevant; GVA generated in
each of the six industries belongs to the GVA of the extended aquaculture and fisheries
sector and hence is part of the sector’s “direct” contribution.
This is not merely a semantic discrepancy. As indicated in Figure 6, under the satellite
account approach, the entire aquafeed’s USD 60 million GVA is part of the extended
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FIGURE 6

Components of aquaculture and fisheries’ contribution to GDP:
input-output approach versus satellite account approach

aquaculture and fisheries sector’s USD 1 190 million contribution to GDP because
aquafeed is part of the extended sector. Under the input-output approach, aquaculture
and fisheries’ USD 1 413 million total direct and indirect contribution includes only
USD 17 million aquafeed’s GVA (as part of its indirect contribution) because most
of the aquafeed output is exported and hence does not contribute to the domestic
aquaculture and fisheries production.
Similarly, under the input-output approach, aquaculture and fisheries’ indirect
contribution to GDP includes: (i) only USD 35 million of fishing boat’s USD 50 million
GVA because part of the fishing boat-building industry’s output is exported; (ii) only
USD 146 million of fish processing’s USD 170 million GVA because a small portion
of fish processing’s output derives from the processing of imported fish materials; and
(iii) only USD 288 million of fish marketing’s USD 360 million GVA because some
fishing marketing activities are intended for distribution of imported fish products.
Building fishing vessels for export, processing imported fish, or marketing imported
fish products are not linked to the aquaculture and fisheries sector composed of the
aquaculture industry and the fishing industry; hence, GVA generated in these activities
is not counted as the sector’s indirect contribution to GDP.
The greatest difference between the two approaches is due to ROE. Under the inputoutput approach, USD 377 million ROE’s GVA is counted in aquaculture and fisheries’
indirect contribution to GDP because the amount represents GVA generated in ROE
activities that are linked to domestic aquaculture and fishing. Under the satellite account
approach, ROE is not included in the extended aquaculture and fisheries sector; hence,
GVA generated in ROE is not counted in the extended sector’s contribution to GDP.
In this document, industries other than the six industries on the fish value chain are
aggregated into ROE for simplicity. The aggregate ROE certainly cannot be included
in the extended aquaculture and fisheries sector, yet some industries or sub-industries
(aquaculture services, seafood restaurants and catering, aquariums, etc.) in ROE could
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be included in the extended aquaculture and fisheries sector. The question is how to
determine the scope of the extended aquaculture and fisheries sector.
5.2 Determining the scope of an extended aquaculture and fisheries sector
Under the satellite account approach, the magnitude of aquaculture and fisheries’
contribution to GDP depends on the scope of the extended aquaculture and fisheries
sector. The more industries are included, the greater is the contribution. But the problem
is how to determine which industries should be included in the extended aquaculture
and fisheries sector. A general principle is to include industries that are closely linked
to the aquaculture and fishing industries. Some general guidelines are discussed in the
following.
Upstream industries to be included in the extended aquaculture and fisheries sector
Checking upstream along the fish value chain, an industry with a large portion of
its revenue earned from aquaculture and fisheries could be included in the extended
aquaculture and fisheries sector; Sigfusson, Arnason and Morrissey (2013) use this rule
to determine the scope of a fisheries cluster in the Icelandic economy.
As indicated in Table 2, aquafeed sells USD 65 million of its USD 240 million output
to aquaculture, which means that aquafeed earns 27 percent of its revenue from the
domestic aquaculture industry. If the USD 170 million aquafeed export (which are
used by fish farmers in foreign countries) is taken into account, almost all of the entire
revenue of aquafeed derives from (domestic and foreign) aquaculture.13 Therefore,
aquafeed should be included in the extended aquaculture and fisheries sector.
Similarly, the fishing boat-building industry should be included in the extended
aquaculture and fisheries sector, even though aquaculture and fishing’s purchases from
fishing boat are not accounted for explicitly in Table 1 or Table 2 (see the discussion in
section 4.5).
Some further upstream industries that do not sell directly to aquaculture or fishing
may deserve to be included in the extended aquaculture and fisheries sector when a large
portion of their revenues depends on industries that have strong links to aquaculture
and/or fishing (fishmeal manufacturing, fishing gear manufacturing, etc.).
Downstream industries to be included in the extended aquaculture and fisheries
sector
Checking downstream along the fish value chain, an industry with a large portion of
its intermediate input coming from aquaculture and fishing could be included in the
extended aquaculture and fisheries sector. As indicated in Table 2, fish processing’s
total USD 258 million purchase from domestic aquaculture and fishing accounts for
37 percent of its total input. Considering that raw fish materials from aquaculture and
fishing are essential inputs for fish processing, and the domestic supply of these materials
cannot be sufficiently substituted for by import (at least not in the short term), the fish
processing industry should be included in the extended aquaculture and fisheries sector.
For the same rationale, fish marketing should also be included in the extended
aquaculture and fisheries sector. Conceptually, fish marketing can be considered a
downstream industry that purchases fish produce from aquaculture, fishing and fish
processing and distributes them to final users, even though this is usually not how
the fish marketing business is accounted for in an input-output table (see section 4.4
for more discussion on how the output of fish marketing is defined in Table 1 and
Table 2).
In principle, further downstream industries that do not buy directly from aquaculture
or fishing may deserve to be included in the extended aquaculture and fisheries sector
	In Table 1, the USD 200 million aquafeed export (row 3, column 11) is composed of USD 170 million
aquafeed production in the current period and USD 30 million aquafeed inventory (row 3, column 10).
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when the supply of a crucial input to their businesses depends on industries that have
strong links to aquaculture and/or fishing.
Identifying industries to be included in the extended aquaculture and fisheries sector
The hypothetical exaction model and the estimation methods based on it (which are
presented in Appendix II to V) can help discern complex inter-industry linkages in
order to identify industries for inclusion in the extended aquaculture and fisheries.
Following the step-by-step estimations discussed in section 4, the hypothetical
extraction model can capture the impacts of aquaculture and fishing on other industries
through: (i) their backward linkages to upstream industries (section 4.2); (ii) their
forward linkages to fish processing (section 4.3); (iii) their linkage to fish marketing
(section 4.4); and (iv) their linkage to fishing boat (section 4.5). The final, total impacts
(Table 6: column 4) can be used to determine which industries to be included in the
extended aquaculture and fisheries sector based on a selected threshold.
As indicated in Table 6 (column 4), aquaculture and fishing has impacts on:
(i) 28 percent of aquafeed manufacturing business;14 (ii) 70 percent of fishing
boat-building business;15 (iii) 86 percent of fish-processing business;16 (iv) 80 percent of
fish-marketing business;17 and (v) 0.8 percent of the ROE business.18
Under the criterion that an industry with over two-thirds of its business affected by
aquaculture and fishing should be included in the extended aquaculture and fisheries
sector, three industries (fishing boat, fish processing and fish marketing) would be
included, whereas aquafeed and ROE would not. However, as nearly all of aquafeed’s
output is sold to fish-farming business (domestic or foreign), the industry should be
included in the extended aquaculture and fisheries sector even though the majority of
its business is for foreign markets and less than 30 percent for the domestic market.
When ROE is disaggregated, the estimation process discussed above may be able to
identify more industries to be included in the extended aquaculture and fisheries sector
under the “two-thirds” threshold.

	The 28 percent is equal to the USD 17 million impact on aquafeed’s GVA divided by its total
USD 60 million GVA.
15
	The 70 percent is equal to the USD 35 million impact on fishing boat’s GVA divided by its total
USD 50 million GVA.
16
	The 86 percent is equal to the USD 146 million impact on fish processing’s GVA divided by its total
USD 170 million GVA.
17
	The 80 percent is equal to the USD 288 million impact on fish marketing’s GVA divided by its total
USD 360 million GVA.
18
	 The 0.8 percent is equal to the USD 377 million impact on ROE’s GVA divided by its USD 48 810 million
GVA.
14
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6. Empirical methodology and good
practices in estimating and utilizing
gross domestic product (GDP)
measures
The previous sections discuss conceptual issues and estimation methods related to the
measurement of the contribution of aquaculture and fisheries to GDP under the inputoutput framework and the satellite account approach. A set of indicators of aquaculture
and/or fisheries’ contribution to GDP at different levels have been estimated based on
the numerical input-output model (Table 1 and Table 2); the results are summarized in
Table 7 and illustrated in Figure 7.
This section first discusses the empirical methodology of using input-output models
to measure aquaculture and fisheries’ contribution to GDP as well as alternative,
practical methods in data-poor environments where suitable input-output models
are not available. Next, good practices in reporting the measures of aquaculture and
fisheries’ contribution to GDP are discussed. Finally, the section explores how the
measures could be and should be properly used for evidence-based policy and planning.

FIGURE 7

Aquaculture and fisheries’ direct and indirect contribution to GDP (%)

Note: Based on the results in Table 7 (column 6, rows 13–24).
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Table 7

Contribution of aquaculture and fisheries to GDP: the case of the two-industry sector
Column No.

1

2

3

4

5

6

7

Extended aquaculture
and fisheries sector

Basic + linkage to fish
processing + linkage
to fish marketing +
linkage to fishing boat

Basic + linkage to fish
processing + linkage
to fish marketing

Basic + linkage
to fish processing

Fishing
+ backward linkage

Industry

Aquaculture
+ backward linkage

Row
No.

Basic (aquaculture
+ fishing + backward
linkage)

Two-industry sector: “aquaculture + fishing”

Value (million USD)
1

Direct GVA

2

Aquaculture

3

Fishing

4

Indirect GVA

250

300

550

550

550

550

250.00

250.00

250.00

250.00

300.00

300.00

300.00

300.00

300.00

69

164

404

787

863

250.00

111

5

Aquaculture

6

Fishing

10.82

7

Aquafeed

16.56

0.07

16.56

16.56

16.56

16.56

60

8

Fishing boat

-

-

-

-

-

34.97

50

9

Fish processing

3.69

0.06

3.73

146.29

146.29

146.29

170

10

Fish marketing

3.25

1.31

4.50

20.42

287.63

287.65

360

11

Rest of the economy

76.29

65.98

139.57

220.85

336.10

377.48

361

369

714

954

1 337

1 413

1.10

1.10

1.10

1.10

0.50

0.50

0.50

0.50

12

1.13

Total (direct and indirect) GVA

250
300

1 190

Percentage of GDP (%)
13
14
15
16

Direct contribution

0.50

Aquaculture

0.60

0.50

Fishing
Indirect contribution

0.22

0.60

0.60

0.60

0.60

0.60

0.14

0.33

0.81

1.57

1.73

17

Aquaculture

0.00

0.50

18

Fishing

0.02

19

Aquafeed

0.03

0.00

0.03

0.03

0.03

0.03

0.12

20

Fishing boat

-

-

-

-

-

0.07

0.10

21

Fish processing

0.01

0.00

0.01

0.29

0.29

0.29

0.34

22

Fish marketing

0.01

0.00

0.01

0.04

0.58

0.58

0.72

23

Rest of the economy

0.15

0.13

0.28

0.44

0.67

0.75

0.72

0.74

1.43

1.91

2.67

2.83

1.43

1.57

0.60

24

Total (direct and indirect) contribution

25

Output (million USD)

500

400

900

26

Total direct and indirect GVA ratio

0.72

0.92

0.79

27

Direct GVA ratio

0.50

0.75

0.61

28

Indirect GVA ratio

0.22

0.17

0.18

2.38

GVA ratio (equal to GVA divided by output)

GVA multiplier (equal to indirect GVA divided by direct GVA)
29

GVA multiplier

0.44

0.23

0.30

0.73

Notes: “-” represents zero. From rows 1 to 12, the results in columns 1, 2 and 3 from Table 5; the results in columns 4, 5 and 6 from Table 6;
and the results in column 7 corresponding to Figure 6. The results from rows 13 to 28 are calculated based on those from rows 1 to 12.
Row 29 is calculated from row 4 divided by row 1.
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Empirical methodology and good practices in measuring aquaculture
and fisheries’ contribution to GDP

Define the scope of the aquaculture and fisheries sector
When measuring aquaculture and fisheries’ contribution to GDP, the very first task
is to clearly define the scope of the sector. In the previous sections, aquaculture and
fisheries is a two-industry sector (“aquaculture + fishing”). Alternative scopes include
a three-industry sector “aquaculture + fishing + fish processing” (e.g. used in de Graaf
and Garibaldi, 2014) or a four-industry sector “aquaculture + fishing + fish processing
+ fish marketing” (e.g. used in Sigfusson, Arnason and Morrissey, 2013).
There are no a priori standards for deciding the most appropriate scope. Not only
does the selection of a proper scope tend to be case specific, but it is also dependent upon
the economic context and the purpose of the measurement and affected by practical
issues such as data availability. Some general guidelines for selecting an appropriate
scope are suggested in Box 1.
Discussion in the remainder of this section will be based on the results for the twoindustry aquaculture and fisheries sector (Table 7). Yet, GDP indicators for the threeindustry sector and the four-industry sector are also estimated; the results are presented
in, respectively, Appendix VI (Table A.1) and Appendix VII (Table A.2).
A comparison of the results in Table 7, Table A.1 and Table A.2 reveals that expanding
the scope from the two-industry sector to the three-industry sector would slightly
increase the measure of aquaculture and fisheries’ total direct and indirect contribution
to GDP from 2.83 percent to 2.97 percent (Table 8). Further expanding the scope to
the four-industry sector would result in another small increase from the 2.97 percent
to 3.11 percent (Table 8). The lack of significant differences in the results based on
the different scopes is not surprising because GVA generated in fish processing or fish
marketing has been mostly accounted for in the indirect contribution of the two-industry
sector that includes only aquaculture and fishing. However, the composition of direct
versus indirect contribution significantly differs for the three different scopes (Table 8).
BOX 1

General guidelines for determining the scope of an aquaculture and fisheries sector

For measuring the contribution of domestic primary fish production to GDP, the scope
should be the two-industry sector “aquaculture + fishing”. This is the scope adopted in
this document.
For measuring the contribution of domestic fish production (including primary
production and value addition) to GDP, the scope should be the three-industry sector
“aquaculture + fishing + fish processing”.
For measuring the contribution of domestic fish production and marketing, the scope should
be the four-industry sector “aquaculture + fishing + fish processing + fish marketing”.

Table 8

Aquaculture and fisheries’ contribution to GDP under different scopes
Contribution to GDP (%)
Scope

Direct

Indirect

Total direct
and indirect

Two-industry sector
(aquaculture + fishing)

1.10

1.73

2.83

Three-industry sector
(aquaculture + fishing + fish processing)

1.44

1.53

2.97

Four-industry sector
(aquaculture + fishing + fish processing + fish marketing)

2.16

0.95

3.11

Note: The results from direct, indirect, and total direct and indirect contribution are from Table 7 (column 6), Table A.1
(column 6) and Table A.2 (column 6), respectively.
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Input-output approach
When input-output tables are available and suitable (i.e. aquaculture and fisheries
presented as a distinct sector or, better yet, two distinct subsectors), the measurement
of aquaculture and fisheries’ contribution to GDP could be conducted in the following
steps.
GVA-FU matrix
The first step is to construct a GVA-FU matrix to facilitate an in-depth understanding
of GDP contribution at the industrial level from both the demand and the supply
perspectives; see section 3.2 for more discussion.
The GVA-FU matrix in Table 3 is based on the seven-industry input-output table
(Table 1 and Table 2), where most industries (other than the six industries on the fish
value chain) are aggregated into the ROE sector. In practice, the construction of a GVAFU matrix should be based on the most detailed input-output tables available so that
the issue of spurious linkages mentioned in section 3.2 can be mitigated.
The results in the detailed GVA-FU matrix can be aggregated for analytic or
narrative convenience. For example, when the scope of aquaculture and fisheries
includes aquaculture, fishing, fish processing and fish marketing, the results for the
four industries in the GVA-FU matrix can be aggregated into that for the four-industry
aquaculture and fisheries sector (Figure 4).
Output decomposition table
The second step is to decompose the output of each industry/sector in the input-output
table into the four components in equation (1) and compile an output decomposition
table similar to Table 4; see section 4.1 for more discussion.
The output decomposition table not only provides information on each industry/
sector’s direct GVA and its indirect GVA through backward linkage, but it also reveals
the import content and double counting in the industry/sector’s output.
The estimation method for the output decomposition is discussed in Appendix
II. Contrary to the GVA-FU matrix, it is not appropriate to sum up the output
decomposition of individual industries into the decomposition of an aggregate sector.
As discussed in section 4.2, the sum of the indirect GVA of individual industries in a
sector would tend to overestimate the sector’s indirect GVA because of double counting.
When decomposing the output of a sector that contains multiple industries, the
proper practice is to treat the industries in the sector as a whole and apply the estimation
method in Appendix II accordingly; see Table 5 for an example.
Estimation of a set of GDP measures at different levels
The third step is to use the methods discussed in Appendix II–V to estimate a set of
indicators for measuring the contribution of aquaculture and fisheries to GDP at
different levels. The results can be summarized in a table similar to Table 7.
Table 7 includes the following GDP indicators:
(i)
direct GVA;
(ii)

indirect GVA through backward linkage;

(iii)	indirect GVA through backward linkage + forward linkage to fish processing;
(iv)	indirect GVA through backward linkage + forward linkage to fish processing
+ linkage to fish marketing;
(v)	indirect GVA through backward linkage + forward linkage to fish processing
+ linkage to fish marketing + linkage to fishing boat building;
(vi)	total direct and indirect GVA at different levels.
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The first two indicators (i.e. direct GVA and indirect GVA through backward
linkage) are two basic measures that belong to the four components of an industry/
sector’s output (the other two being the import content and double counting); see
section 4.1 for more discussion.
The two basic measures should be quantified for the aquaculture and fisheries sector
as a whole (e.g. column 3 in Table 7) and for individual industries or subsectors within
the sector (e.g. columns 1 and 2 in Table 7).
An industry/sector’s direct GVA can be found in an input-output table or national
accounts, whereas its indirect GVA through backward linkage can be estimated by the
method discussed in Appendix II. Notably, the estimation method can be applied to
input-output models with any number of industries, and it is a standard method that
entails no additional assumptions except for the three basic assumptions specified in
Appendix II.
Indicator iii expands indicator ii (i.e. indirect GVA through backward linkage) to
account for aquaculture and fishing’s forward linkage to fish processing; see section 4.3
for more discussion. The expansion increases the measure of aquaculture and fishing’s
indirect contribution to GDP significantly (more than double), from 0.33 percent to
0.81 percent of GDP (Table 7: row 16, column 3 versus column 4).
The estimation method for indicator iii is presented in Appendix III. Besides the
three basic assumptions in Appendix II, the method entails an additional assumption
regarding how aquaculture and fishing would affect fish processing. With a more
detailed input-output model, the method may be applied to aquaculture and fishing’s
other forward linkages to industries or sub-industries in ROE (e.g. seafood restaurants
and catering).
It is important to note that the estimation method in Appendix III should only
be applied to aquaculture and fisheries’ significant forward linkages to downstream
industries. The aquaculture and fisheries sector is deemed to have a significant forward
linkage to an industry when the product it sells to the industry is a substantial input for
the industry that is difficult to substitute.
Indicator iv expands indicator iii to account for aquaculture and fishing’s linkage to
fish marketing. The expansion nearly doubles the measure of aquaculture and fishing’s
indirect contribution to GDP, from 0.81 percent to 1.57 percent (Table 7: row 16,
column 4 versus column 5).
The estimation method for indicator iv is discussed in Appendix IV. The method
entails an additional assumption about how aquaculture and fishing would affect fish
marketing. Although fish processing and fish marketing are both downstream industries
for aquaculture and fishing, the estimation methods for indicator iii and indicator iv
are slightly different. For indicator iii, aquaculture and fishing’s forward linkage to
fish processing is captured by the sector’s potential impact on fish processing’s output
(Appendix III), whereas the forward linkage to fish marketing is captured by the sector’s
potential impact on the final use of fish marketing (Appendix IV). The difference is due
to the way transport and trade margins are accounted for in input-output tables; see
section 4.4 for more discussion.
Indicator v expands indicator iv to account for aquaculture and fishing’s linkage
to the fishing boat-building industry. The expansion slightly increases the measure of
aquaculture and fishing’s indirect contribution to GDP from 1.57 percent to 1.73 percent
(Table 7: row 16, column 5 versus column 6).
The estimation method for indicator v is discussed in Appendix V. The method
entails an additional assumption about how aquaculture and fishing would affect the
fishing boat-building industry. The method can be applied to other industries or subindustries that produce capital goods and sell most of their products to the aquaculture
and fishing sector.
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Percentage of GDP
Rows 13 to 24 in Table 7 report measures of aquaculture and fisheries’ contribution to
GDP in terms of percentage. These measures are calculated by the measures in rows 1
to 12 divided by the economy’s GDP.
An industry/sector’s GVA and its percentage of GDP are two related yet different
measures of its contribution to GDP. The former measures the industry/sector’s absolute
contribution to GDP in terms of monetary value, whereas the latter measures its relative
contribution in terms of percentage. An industry/sector may have an increased GVA
yet declined percentage of GDP or vice versa. More discussion in this regard can be
found in the last subsection under section 6.2.
GVA ratio
Rows 25 to 28 in Table 7 report GVA ratios that measure the share of direct and/or
indirect GVA in output. As opposed to an industry/sector’s direct and/or indirect GVA
measuring the potential impacts of the removal of the industry/sector, its direct and/
or indirect GVA ratio represents the potential impacts of a unit change in the industry/
sector’s output. GVA ratios are often used to estimate GVA based on output – caveats
on such practices will be provided in the subsection below on “Caution against using
GVA ratios to estimate GDP measures”.
GVA multiplier
Row 29 in Table 7 reports GVA multipliers that measure the ratio between indirect
GVA and direct GVA (i.e. how much indirect GVA would be generated when one unit
of direct GVA is generated). The GVA multipliers in Table 7 are Type I multipliers due
to inter-industry linkages, and there could be other GVA multipliers (such as Type
II multipliers that capture induced impacts through household income and business
profit) (Miller and Blair, 2009). GVA multipliers are often used to estimate indirect
GVA – caveats on such practices will be provided in the subsection below on “Caution
against using multipliers to estimate indirect GVA”.
Value chain approach
Most countries do not have input-output tables that include aquaculture and fisheries
as a distinct sector or two distinct subsectors; hence, the input-output approach
discussed in the previous subsection cannot be applied. In this situation, a value
chain approach (essentially a simplified input-output approach) can be used to trace
aquaculture and fishing’s linkages to other industries one by one and measure its
indirect GVA accordingly. Though the value chain approach does not require inputoutput tables, it may entail national account data (or other official data) complemented
with survey data; see Sigfusson, Arnason and Morrissey (2013) for an effort along this
line.
Unlike the standard input-output approach, the value chain approach would not
be able to comprehensively capture all the potential ripple effects of aquaculture
and fishing upon other industries on a complex “value web” comprising multiple
value chains. However, as the ripple effects tend to diminish rapidly, the value chain
approach may be able to capture a majority of indirect GVA when aquaculture and
fishing’s linkages to the closest industries on the “value web” are accounted for.
Satellite account approach
When available, suitable input-output tables are usually not updated frequently enough
to allow for annual measurement of aquaculture and fishing’s contribution to GDP.
Even tracing only aquaculture and fishing’s linkages to the closest industries under the
value chain approach could entail a large amount of survey data that may be difficult to
collect annually.
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The satellite account approach is a simpler, less data demanding method that can
generate GDP measures for annual assessment and monitoring; see section 5 for more
discussion and the example of China mentioned in the section.
When suitable input-output tables are available yet not updated frequently enough,
the satellite account approach can be implemented step by step as described in Box 2;
see section 5.2 for more discussion.
Without input-output tables, the value chain approach (discussed in the previous
subsection) can be used to identify industries/sectors that are most closely linked to
aquaculture and fishing, and the scope of the extended aquaculture and fisheries sector
can be determined accordingly.
Another method is to use the scope of the extended aquaculture and fisheries sector
in other similar economies as references and make adjustments according to the special
characteristics of the own economy.
BOX 2

Implementation of the satellite account approach when suitable input-output tables are
available

The first step is to use the most recent input-output tables to measure the linkages of
aquaculture and fishing to other industries/sectors.
Based on a threshold magnitude of the linkage measures, the industries most closely
linked to aquaculture and fishing can be identified to comprise an extended aquaculture
and fisheries sector.
The selection of the threshold is case specific, dependent upon the economic context and
structure. As a general guideline, the threshold should usually be no less than 50 percent,
i.e. aquaculture and fishing should potentially affect at least half of the industry/sector’s
business.
Some industries (e.g. aquafeed), while not meeting the threshold, may also need to
be included in the extended aquaculture and fisheries sector; see section 5.2 for more
discussion.
After the scope of the extended aquaculture and fisheries sector is determined, GVA data
from national accounts can be used to calculate the extended sector’s GVA by aggregating
the GVA of individual industries included in the extended sector. Then the GVA of the
extended sector can be used to measure aquaculture and fisheries’ contribution to GDP
annually or in the time frame allowed by the updating frequency of the national accounts.
When the input-output tables are updated, the new tables can be used to check the scope
of the extended aquaculture and fisheries sector and make modifications if necessary.

Caution against accounting for the induced impact
In the input-output literature, an impact through inter-industry linkages is often called
a Type I multiplier, whereas an induced impact through final use is called a Type II
multiplier (Miller and Blair, 2009). Under the hypothetical extraction model, the
rationale behind the induced impact proceeds as follows: the removal of aquaculture
and fishing would lead to the loss of direct and indirect GVA that contains wages and
business profits. The loss of the wages and business profits would tend to affect the
final use through reduced consumer demand and declined business investments. The
reduced final use would “induce” further decline in economic activities; GVA loss due
to the decline is deemed the induced impact.
The rationale behind the induced impact does lend some legitimacy of counting it in
the contribution to GDP; additionally, some efforts in the literature have attempted to
account for the induced impact as part of aquaculture and fisheries’ total contribution
to GDP (e.g. Sigfusson, Arnason and Morrissey, 2013). Yet, the estimations in this
document do not venture in this direction.
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The primary reason for this restraint is that it is not easy to model or estimate the induced
impact. Input-output tables (e.g. Table 1 and Table 2) do not provide information about the
overall impacts of wages (i.e. compensation to employees) and profits (i.e. net operating
surplus) on final consumption and capital formation. After the removal of aquaculture
and fishing, workers can sustain their expenditures through savings or borrowings, and
companies can sustain their investments via various financing mechanisms. In addition,
it is unclear how the overall impact of an industry’s wage and profit spreads across the
final consumption of multiple industries. While there have been systematic efforts to
model how changes in fisheries production would affect the final demand (e.g. Seung and
Waters, 2006), it should be cautioned that simplifying assumptions adopted to estimate
the induced impact would tend to take a toll on the accuracy of the measure.
Avoid double counting
Output NOT an appropriate measure of an industry/sector’s contribution to GDP
Despite the issue of double counting (Groenewold, Hagger and Madden, 1987; Leung,
Sharma and Nakamoto, 1997), practitioners sometimes use aquaculture and/or fisheries’
output to measure its contribution to GDP when information on GVA (especially
indirect GVA) is not readily available (e.g. Lymer et al., 2008; WorldFish Center, 2011).
It is important to note that output is usually not an appropriate measure of an industry/
sector’s economic contribution because output contains import content and double
counting; see section 4.1 for more details.
As indicated in the output decomposition in equation (1), only when the import content
and double counting are believed to be small, output could be used to approximate an
industry’s total direct and indirect contribution to GDP. Even so, the proxy tends to be
more reliable in providing a snapshot measure than monitoring the contribution over
time because the composition of an industry/sector’s output is subject to change.
Proper way to estimate a sector’s total direct and indirect GVA
As shown at the end of section 4.2, adding the direct and indirect GVA of individual
industries together would lead to double counting and hence should be avoided. The
proper way to estimate the direct and indirect contribution of a sector composed of
multiple industries is to treat the sector as a whole and apply the estimation methods
discussed in Appendices II–V.
Extra caution about double counting when ad hoc estimation methods are being used
While double counting is relatively easy to avoid or detect under the input-output
approach, it tends to be less obvious when ad hoc methods are used. For example, the
GVA of the hatchery sub-industry could be double counted in aquaculture’s direct
GVA and in its indirect GVA; see section 4.1 for detailed discussion. Such double
counting can be avoided by a formal estimation under the input-output approach. Yet
extra caution is needed to avoid it when the less formal value chain approach is used.
Caution against using GVA ratios to estimate GDP measures
When input-output tables or national accounts are unavailable or do not provide enough
data, aquaculture and fisheries’ GVA is often estimated by multiplying its output by a
selected GVA ratio (Gillett, 2009; World Bank, 2012; de Graaf and Garibaldi, 2014).
Some general guidelines for this practice are noted in Box 3.
Caution against using GVA multipliers to estimate indirect GVA
When the formal input-output approach or the informal value chain approach cannot
be applied because of the lack of data, GVA multipliers (Table 7: row 29) are sometimes
used to estimate indirect GVA based on direct GVA. Some general guidelines for this
practice are noted in Box 4.
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BOX 3

Notes on using GVA ratios to estimate GDP measures

An industry/sector’s current output and its GVA ratio in the near past could be used to
estimate its current GVA when it is believed that there are no significant changes in the
economic structure of the industry/sector.
Aquaculture and fisheries’ GVA ratios could vary significantly across different economies.
Therefore, the practice of estimating aquaculture and fisheries’ GVA in one economy
based on GVA ratios borrowed from other economies should be avoided or proceeded
with extreme caution. The method may be justified when it is used to fill data gaps for
some countries in a region in order to estimate aquaculture and fisheries’ contribution to
GDP for the region as a whole (World Bank, 2012). In this situation, the estimated results
for the individual countries are “intermediate products” that should be reported with
caution or not reported explicitly. The method may be used to estimate the aquaculture
and fisheries GVA for an individual country only when it is confident that the GVA ratio
borrowed from elsewhere is a good proxy of that in the country.
The total direct and indirect GVA ratio (e.g. Table 7: row 26) tends to be more stable than
the direct GVA ratio (e.g. Table 7: row 27) or indirect GVA ratio (e.g. Table 7: row 28).
For example, the two hypothetical changes on the aquaculture and fisheries value chain
discussed in section 3.3 would not affect the sector’s total direct and indirect GVA, but
would alter its direct and indirect composition. Therefore, “borrowing” total direct and
indirect GVA ratios (Table 7: row 26) tends to be more reliable than borrowing direct
GVA ratios (Table 7: row 27) or indirect GVA ratios (Table 7: row 28).

BOX 4

Notes on using GVA multipliers to estimate indirect GVA

An industry/sector’s current direct GVA and its GVA multiplier in the near past could be
used to estimate its current indirect GVA when it is believed that there are no significant
changes in the economic structure of the industry/sector.
Aquaculture and fisheries’ GVA multiplier could vary significantly across different
economies. Therefore, the practice of estimating aquaculture and fisheries’ indirect GVA
in one economy based on GVA multipliers borrowed from other economies should be
avoided or proceeded with extreme caution. GVA multipliers could be borrowed from
one economy to another economy for estimating the aquaculture and fisheries’ indirect
GVA only when the two economies have similar fish value chains and economic structure.
When borrowing GVA multipliers to estimate indirect GVA, it is important to ensure
that the direct GVA and the borrowed GVA multiplier corresponds to a consistent
scope of aquaculture and fisheries. For example, the GVA multipliers in Table 7 (row 29)
correspond to the USD 550 million direct GVA of the two-industry sector (aquaculture
+ fishing). If they are borrowed to estimate the indirect GVA of the three-industry sector
(aquaculture + fishing + fish processing), the results would tend to be overestimated. As
indicated in Table A.1, the most comprehensive GVA multiplier for the three-industry
sector is only 1.06 (row 31, column 6), much smaller than the 1.57 GVA multiplier for the
two-industry sector (Table 7: row 29, column 6).
Aquaculture and fisheries can have several GVA multipliers at different levels (Table 7:
row 29). It is possible that one multiplier is fit for being borrowed whereas another is
not. For example, an economy that has aquaculture and fishing industries similar to the
economy described in Table 1 and Table 2 yet has no fish processing may borrow the
0.30 multiplier in Table 7 (row 29, column 3), but not the 0.73 multiplier (row 29, column
4). Therefore, when borrowing a multiplier for estimating indirect GVA, it is crucial to
understand the scope of indirect GVA represented by the multiplier and check whether
the multiplier is applicable.
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Caution against imputing GVA generated in non-market activities
Subsistence aquaculture and fisheries production is normally not recorded in national
accounts because subsistence production is primarily for non-commercial purposes
(e.g. own consumption or gifts), and hence lacks market value.
A general concern is that missing subsistence production would tend to substantially
underestimate the economic contribution of aquaculture and fisheries in countries
where a large portion of aquaculture and fisheries (particularly capture fisheries) are
subsistence operations (World Bank, 2012). There have been efforts to account for the
contribution of subsistence aquaculture and fisheries’ contribution to GDP (Gillet, 2009).
Accounting for the economic contribution of subsistence aquaculture and fisheries
entails estimation of the value of subsistence production. A common practice is to use the
market prices of similar products to assign a monetary value to subsistence aquaculture
and fisheries production. Yet, the practice may not be valid. For example, suppose that
one day a small-scale fisher caught two pieces of coilia (Coilia macrognathos) in the
Yangtze River, China, and sold them to a nearby restaurant for CNY 1 000.19 The fish
is a rare delicacy that has become increasingly expensive because of scarcity. One week
later the fisher caught another two coilia, yet this time he could not sell the fish because
no customer had preordered the delicacy. Eventually, the fish ended up in the stomachs
of the fisher and his friends. Does this mean that the fisher has treated his friends to a
CNY 1 000 feast? The answer tends to be negative.
This example illustrates that it may not be proper to use market prices to impute
the value of non-market goods and services. Some notes on how to value subsistence
aquaculture and fisheries are suggested in Box 5.

BOX 5

Notes on how to value subsistence aquaculture and fisheries

If fishers and fish farmers can sell their products at market prices yet decide to use them
as own consumption or gifts, then the subsistence production can be valued at the market
prices, and the GVA generated in the subsistence production is estimated accordingly.
When valuing non-market fish products (including subsistence fish production), special
attention should be paid to the fact that adding a large amount of fish products to the
market would tend to depress fish prices (World Bank, 2009, 2017).
If subsistence fish production has no market outlets, then it is usually improper to estimate its imputed value based on market prices. Instead, GVA generated in the subsistence
production can better be estimated by the value of labour and capital used in the production (i.e. the income approach to the measurement of GDP).
Indeed, the income approach tends to be a better way to measure GVA generated in subsistence fish production than the production approach (i.e. estimating the GVA by the
imputed value of subsistence fish production and a GVA ratio) because the former can
avoid the pitfalls in the estimation of the imputed value of subsistence fish production.

6.2 Good practices in reporting and interpreting measures of aquaculture and
fisheries’ contribution to GDP
Use clear terminology to report an industry/sector’s indirect contribution to GDP
Measuring an industry/sector’s indirect contribution to GDP effectively involves
counting GVA generated in other industries as part of the industry/sector’s total
economic contribution. When improperly used or understood, the measurement could
be deemed a disingenuous effort to inflate the industry/sector’s economic contribution
for advocacy purposes.
19

Chinese yuan; 1 CNY = 0.15 USD.
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Indeed, widespread misunderstanding or misuse of measures of indirect contribution
has led to suggestions or practices of treating an industry/sector’s direct GVA as
the only legitimate measure of its contribution to GDP, or at least avoid the term
“indirect contribution” but use “indirect impact” or “indirect effect” instead to denote
indirect GVA (e.g. Taylor and Smith, 1996; Watson et al., 2007; Hanson, Dean and
Spurlock, 2004; Deisenroth, Bond and Loomis, 2012; Hutt et al., 2013; Morrissey and
O’Donoghue, 2013).
However, despite such reservations, the concept and terminology of direct and
indirect contribution to GDP has continued to be widely used (e.g. Westlund, Holvoet
and Kébé, 2008; Cai, Leung and Hishamunda, 2009; World Bank, 2012; Tian, Mak and
Leung, 2013; Sigfusson, Arnason and Morrissey, 2013). Even when denoted as “indirect
impact” or “indirect effect”, an industry/sector’s indirect GVA is often added to its
direct GVA to calculate its total contribution to GDP.
Measuring an industry/sector’s indirect contribution to GDP is important because
direct GVA is a basic yet inadequate measure of an industry/sector’s economic
contribution; see more discussion in section 3.3. Therefore, when reporting measures
related to an industry/sector’s indirect contribution to GDP, it is crucial to use clear,
well-defined terminology to avoid misunderstanding or misuse. Some general guidelines
are suggested in Box 6.
BOX 6

General guidelines for the proper use of terminology to report indirect contribution

When the value of a GVA measure is reported, unless specified otherwise, an industry/
sector’s GVA means its direct GVA, and its contribution to GDP means its direct
contribution to GDP.
Terms such as “aquaculture GDP”, “fishing GDP”, “fisheries GDP” or “aquaculture and
fisheries GDP” should only be used to denote an industry/sector’s direct GVA.
• One may say that “the aquaculture GDP is USD 250 million” (Table 7: row 1, column 1);
“the fishing GDP is USD 300 million” (Table 7: row 1, column 2); or “the aquaculture
and fisheries GDP is USD 550 million” (Table 7: row 1, column 3).
• It
 should be avoided to say that “the aquaculture and fisheries GDP is USD 714 million”
(Table 7: row 12, column 3). Even the statement that “the aquaculture and fisheries’ total
GDP is USD 714 million” could be misleading.
Let us call a spade a spade. That is, when reporting measures that involve indirect GVA,
the term “indirect” should always be present.
• One
may say that: (i) “aquaculture directly and indirectly contributes 0.72 percent of

GDP through its USD 361 million total direct and indirect GVA” (Table 7: column
1); or (ii) “fishing’s total direct and indirect contribution to GDP is USD 369 million,
which is 0.92 percent of the GDP” (Table 7: column 2).
• It may be insufficient to denote “total (direct and indirect) contribution” at first and then
shorten it to “total contribution” because the shortened term could be misunderstood
when quoted out of the context.
When “total direct and indirect contribution” is reported, it is essential to clarify the
direct and indirect components. For example, when reporting the results in Table 7, one
may state the following:
• Aquaculture and fishing’s total direct and indirect contribution to GDP is USD 714
million, including USD 550 million direct GVA generated in aquaculture and fishing and
USD 164 million indirect GVA that the sector helps generate in other industries through
its backward linkage to upstream direct or indirect input suppliers (Table 7: column 3).
• Aquaculture and fishing directly contributes USD 550 million to the GDP through
GVA generated in the sector, and it indirectly contributes to the generation of USD 863
million GVA in other industries through its backward linkage to upstream industries,
its forward linkage to fish processing, as well as its linkages to fish marketing and fishing
boat building. Therefore, the sector’s total direct and indirect contribution to GDP is
USD 1 413 million (Table 7: column 6).
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Interpreting indirect contribution to GDP: accounting versus impact perspective
As discussed in section 4.2, an industry/sector’s indirect contribution to GDP is usually
estimated by impact measures and can be interpreted from the (ex post or ex ante) impact
perspective. It is important to note that the estimations are based on certain assumptions
specified not to simulate the reality but to reveal the amount of indirect GVA that the
industry/sector helps generate in other industries through various linkages. Therefore,
interpreting indirect GVA from the impact perspective should be proceeded with
caution. Some general guidelines are suggested in Box 7.

BOX 7

General guidelines for interpreting indirect GVA from the impact perspective

Indirect GVA should primarily be interpreted from the accounting perspective discussed
in the previous subsection, whereas interpretations from the impact perspective are useful
supplements that enhance the understanding of the indicator.
When interpreting indirect GVA from the impact perspective, it should be made clear that
the impacts are potential effects dependent upon certain underlying assumptions.
It would be useful to explain under what situations the potential impacts would tend to
be more significant and under what situations they tend to be less so.
For example, the USD 164 million indirect GVA (Table 7: row 4, column 3) can be
interpreted as follows.
• Aquaculture and fishing indirectly contributed USD 164 million to the GDP through
its backward linkage. This means that aquaculture and fishing has helped generate
USD 164 million GVA in upstream industries that directly or indirectly supply inputs to
the sector. While USD 164 million GVA was generated in other industries, it is deemed
aquaculture and fishing’s indirect GVA, because without the sector the GVA may not
have been generated. In other words, the removal of aquaculture and fishing from
the economy could potentially affect USD 164 million GVA in other industries. The
actual impact would nevertheless depend upon the ability of the upstream industries in
finding new markets to cover the loss of demand for their products due to the removal
of aquaculture and fishing.

6.3 Utilization of GDP measures for evidence-based policy and planning
Despite substantial efforts in measuring the contribution of aquaculture and fisheries to
GDP (see section 1 for citations), the issue of how to use the GDP measures for policymaking and planning has not been addressed adequately.
Most work on measuring aquaculture and fisheries’ contribution to GDP has
been conducted or sponsored by national fisheries agencies, regional/international
organizations or other champions of the sector with concerns over the value of
aquaculture and fisheries being underappreciated (e.g. World Bank, 2012; Gillet, 2009).
Accordingly, the efforts have been primarily focused on accounting for the sector’s
economic contribution as comprehensively as possible.
Likewise, other sectors would also like to see the measure of their contributions
to GDP as large as possible. The end result would then appear to be each and every
industry/sector trying to inflate its economic contribution by counting GVA generated
in other industries into its own contribution to GDP. Such “double-counting” practices
would seem particularly dubious when practitioners do not distinguish between direct
and indirect GVA. This has led to reservations against indirect GVA as a measure of an
industry/sector’s contribution to GDP (see discussion in section 6.2) and futile attempts
to develop alternative GDP measures free from the double-counting feature (Leones
and Conklin, 1993; Johnson and Wade, 1994; Tanjuakio, Hastings and Tytus, 1996).
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As discussed in section 3.3, indirect GVA is an important GDP measure that
supplements the inadequacy of direct GVA in measuring an industry/sector’s economic
contribution. The solution to concerns over misuse or misunderstanding of indirect
GVA is not to abandon the measure but to use it properly.
Indeed, when developing or using a GDP measure, the first and foremost issue
to clarify is how the measure can and should be properly used to facilitate evidencebased decision-making. This should become a guiding question without which the
development of GDP measures would be merely an academic exercise and prone to
controversy. In the following sections, we discuss how GDP measures could be, or
should be, used in the assessment of aquaculture and fisheries’ economic performance
for evidence-based policy-making and sector planning.
Comparing economic contribution over time
Total direct and indirect GVA should be used to measure the change of an industry/
sector’s economic contribution over time, whereas direct GVA tends to be an inadequate
measure in this respect; see section 3.3 for more discussion. An increase (or decrease)
in aquaculture and fishing’s total direct and indirect GVA indicates an increase (or
decrease) in the sector’s economic contribution. The change can be measured in terms
of amount or percentage. For example, an increase of aquaculture and fishing’s total
direct and indirect GVA from USD 1 413 million to USD 1 696 million represents a
USD 283 million or 20 percent increase in its economic contribution.
Some notes are provided in Box 8 regarding the use of total direct and indirect GVA
to measure the change of aquaculture and fisheries’ contribution to GDP.
Setting a policy target on GVA
Production quantity is a common policy target in aquaculture and/or fisheries sector
development plans. Like a business plan that tries to maximize production not necessarily
optimal for profitability, policy measures designed to increase production quantity
may not lead to an increase in the sector’s economic contribution. Therefore, a policy
target on GVA may be established to supplement the production target. For example,
an aquaculture and fisheries sector development plan can set a production target (e.g.
3 percent annual growth in the sector’s production during the planning period) together
with a GVA target (e.g. 3 percent annual growth in the sector’s economic contribution).
Setting a policy target on GVA can help avoid or mitigate boom-bust cycles that
have been common for aquaculture development in many places. As major technical
breakthroughs (e.g. artificial breeding) allow aquaculture production to increase rapidly
in a short period of time, a boom-bust cycle is prone to occur because fish farmers
usually do not take into consideration the aggregate impact of their individual profitseeking behaviours on the market conditions (e.g. price collapse caused by a market
glut). Public planning that focuses only on improving production capacity (e.g. faster
growing strain, higher stocking density) could aggravate the situation, whereas a policy
target on the economic contribution of aquaculture could help mitigate such boombust cycles by compelling the planners to pay attention to the economic value created
by aquaculture.
Setting a policy target on GVA may also help mitigate overfishing. When fishers
exploit open-access fisheries resources to maximize their individual catches, overfishing
could happen without benefiting the fishers because of price collapse caused by a
market glut. Therefore, a policy target on GVA may lend support to policy measures
for controlling fishing capacity from an economic perspective.
Similar to the case in the previous subsection, a policy target on aquaculture and
fisheries’ GVA should be set according to the sector’s most comprehensive total direct
and indirect GVA or the satellite account measure when the input-output measures are
not available.
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BOX 8

Notes on comparing aquaculture and fisheries’ contribution to GDP over time

When available, the most comprehensive measure of total direct and indirect GVA should
be used to measure the change of aquaculture and fisheries’ contribution to GDP. For
example, the total direct and indirect GVA measure in column 6 of Table 7 should be the
first option; the measure in column 5 should be the second option when the measure in
column 6 cannot be quantified because of a lack of data; then the measure in column 4;
and the measure in column 3 is the last option.
When input-output measures are not available, the satellite account measure (column 7
in Table 7) can be used to measure the change of aquaculture and fisheries’ contribution
to GDP over time.
When comparing the contribution over time, the measures of total direct and indirect
GVA should be consistent in different time periods. For example, suppose that the
measure in column 3 of Table 7 is used to measure aquaculture and fisheries’ total direct
and indirect GVA in t0 because more comprehensive measures cannot be quantified, then
the same measure should be used in t1 even if a more comprehensive measure becomes
available so that the change of the contribution over time can be measured properly. Yet,
the more comprehensive measure can be used to measure the change between t1 and t2.
When new input-output tables are available, the GVA-FU table (Table 3), the output
decomposition table (Table 4) and the summary table for GVA measures (Table 7) can
be updated to provide a comprehensive view of changes in aquaculture and fishing’s
direct and indirect GVA. The comprehensive view can help reveal various driving forces
behind the changes and hence facilitate understanding of the nature of the changes. It can
also help assess whether changes in aquaculture and fishing’s economic contribution are
caused by transitory shocks or reflect long-term, structural changes.
A change in aquaculture and fisheries’ total direct and indirect GVA could, to some extent,
reflect a change in the general price level of the economy. Thus, the inflation or deflation
factor could be filtered out of a change in the nominal GVA to measure the real GVA
growth. For example, given a 10 percent inflation rate, the 20 percent nominal growth in
the GVA in the above example would correspond to a 10 percent real GVA growth.

Comparing economic contribution across industries/sectors
Direct GVA as a cross-industry/sector comparable measure with unclear policy implications
As mentioned above in section 6.2 and section 6.3, direct GVA is the only valid GVA
measure that sums up to the GDP of the entire economy. Thus, it is often deemed the
only legitimate measure for cross-industry/sector comparison. However, the policy
implications of comparing direct GVA across industries/sectors are not always clear.
It may be nice to know that an industry has higher direct GVA than another industry,
yet is it acceptable to say that the former has a greater economic contribution than the
latter? The examples in section 3.3 beg a negative answer to the question.
Most comprehensive total direct and indirect GVA as a suitable measure for cross-industry/sector comparison in principle yet with technical difficulties in practice
On the other hand, is it acceptable to say that an industry with higher total direct and
indirect GVA has a greater economic contribution? One may argue that comparison
of total direct and indirect GVA across industries/sectors would be subject to double
counting because an industry/sector’s indirect GVA is direct GVA generated in other
industries/sectors, and the sum of all industries/sectors’ total direct and indirect GVA
tends to exceed the GDP of the entire economy; see more discussion on double counting in section 6.1.
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This concern is nevertheless unnecessary because comparing total direct and indirect
GVA across industries/sectors is to evaluate their potential impacts on GVA under different
scenarios, and the impacts are not supposed to be added up. For example, aquaculture’s total
direct and indirect GVA measures the potential impact of the removal of the aquaculture
industry, whereas fishing’s total direct and indirect GVA measures the potential impact of
the removal of the fishing industry. The two removals are in an “either/or” relationship;
hence, comparing their total direct and indirect GVA has no double counting because the
two impacts are not supposed to be added together; see Appendix II for discussion on how
to estimate the impact of a simultaneous removal of aquaculture and fishing.
Therefore, total direct and indirect GVA can, in principle, be used to compare
economic contribution across industries/sectors – an industry/sector with larger total
direct and indirect GVA has a higher economic contribution in the sense that its removal
could result in a greater loss in the economy’s GDP.
However, a technical issue regards which measures of total direct and indirect GVA
should be used for cross-industry/sector comparison. In Table 7, the total direct and
indirect GVA measure in column 3 is estimated from a standard methodology (Appendix
II) and hence may be the most comparable across industries/sectors, whereas the measures
in columns 4 to 7 are based on ad hoc assumptions that may differ across industries/sectors.
When the total direct and indirect GVA measure in column 3 (direct GVA plus indirect
GVA through backward linkage) is used, downstream industries (e.g. fish processing)
would tend to have a higher total direct and indirect GVA. For example, the direct GVA
of aquaculture, fishing and fish processing is, respectively, USD 250 million, USD 300
million and USD 170 million, whereas their total direct and indirect GVA is USD 361
million, USD 369 million, USD 507 million, respectively (Table A.1). Thus, is it acceptable
to say that downstream industry/sectors tend to have a higher economic contribution?
The answer tends to be negative. Therefore, despite its better comparability in practice,
total direct and indirect GVA through backward linkage may not be an appropriate
indicator for comparing economic contribution across industries/sectors.
In principle, when comparing economic contribution across industries/sectors, the
most comprehensive total direct and indirect GVA measure of each industry/sector
should be used. However, in practice, the comparability of different industries/sectors’
most comprehensive total direct and indirect GVA could be compromised by inconsistent
assumptions used to define them and/or the uneven quality of data used to estimate
them. The inconsistency or incompatibility tends to be aggravated by the fact that GVA
measures for different industries/sectors are usually estimated by different authorities.
Before venturing into a complicated yet likely futile attempt to address such practical
constraints, let us first ask a fundamental question: What is the purpose of comparing
industries/sectors’ economic contribution? One may say that the comparison is
to determine which industries/sectors are more important. Such vague, essentially
tautological answers do not address the core issue: how can the measurement provide
guidance to decision-making?
Government or donors may want to take into consideration of the industries/sectors’
economic contribution for decision-making in resource allocation. Judging from the
strong preference of the champions of an industry/sector over the greatest possible
GVA measure for the industry/sector, a general belief seems to be that an industry/
sector with greater economic contribution deserves more budgetary or other supports.
Nevertheless, it is worth pointing out that when setting priorities for budgetary support,
what government should take into account may not be the industries/sectors’ current
economic contribution but their potential future contribution. For example, an infant
industry/sector with a small economic contribution yet great untapped potential may
deserve more budgetary support than a mature industry/sector with a large economic
contribution yet little growth potential.
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When evaluating different policy measures (e.g. whether to support capture fisheries or
aquaculture for increasing fish production), instead of relying on general GVA measures,
governments should make decisions based on the results of specific impact analyses.
In summary, comparing GVA across industries/sectors tends to be conceptually
bewildering, technically difficult, yet practically unnecessary. However, in case the
government or other stakeholders insist on using GVA measures to compare economic
contribution across industries/sectors, the most comprehensive total direct and indirect
GVA (e.g. column 6 in Table 7) of each sector should be used for the comparison with
a caveat that the comprehensiveness of the measure may differ across industries/sectors
because of various constraints (e.g. the lack of data).
Aquaculture and fisheries as a percentage of GDP
The SDG Indicator 14.7.1 is intended to measure “Sustainable fisheries as a percentage
of GDP in small island developing states, least developed countries and all countries”.
As opposed to an industry/sector’s GVA measuring its absolute economic contribution,
its percentage of GDP (i.e. the ratio between its GVA and the entire economy’s GDP)
measures its relative economic contribution.
Comparing percentage of GDP across industries/sectors
Comparing industries/sectors’ percentage of GDP is essentially equivalent to
comparison of their GVA, which has been discussed in the previous subsection and
requires no repetition here. Yet, it is worth further disabusing the preference over a
large percentage of GDP which is widely shared by many stakeholders or champions
of aquaculture and fisheries. A small share of aquaculture and/or fisheries’ percentage
of GDP should not always be deemed a disadvantage of the industry/sector but could
be used to justify more support to the industry/sector. We will return to this point at
the end of this subsection.
Comparing percentage of GDP over time
As a measure of industries/sectors’ absolute and relative economic contribution,
respectively, GVA and percentage of GDP tend to move in the same direction for an
export-oriented aquaculture and fisheries sector (e.g. the case of Iceland described in
Sigfusson, Arnason and Morrissey, 2013). For an aquaculture and fisheries sector that
serves primarily the domestic market, the two measures may move in the opposite
direction over time.
For example, China’s extended aquaculture and fisheries sector has doubled its
GVA from 2003 to 2009, whereas its percentage of GDP declined from 1.86 percent
to 1.49 percent (FAO, 2012). The increased GVA reflects expanding aquaculture and
fisheries production in China, whereas the decreased percentage of GDP reflects a
faster expansion in the rest of the economy than aquaculture and fisheries (or from
the demand-side perspective, a general decline of the share of seafood consumption, or
food consumption in general, in the Chinese households’ total expenditure); see more
discussion on the links between GVA and final use in section 3.2.
As indicated in Figure 1, given the same level of aquaculture and fisheries production,
developed countries tend to have a smaller aquaculture and fisheries’ percentage in
GDP. This stylized fact indicates that, as an economy reaches a certain development
stage, its aquaculture and fisheries sector’s percentage of GDP may start declining.
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Percentage of GDP as a policy target
The SDG 14.7.1 “Sustainable fisheries as a percentage of GDP in small island developing
states, least developed countries and all countries” essentially sets percentage of GDP
as a policy target. As discussed above, a policy target on aquaculture and fisheries’
GVA (a measure of absolute economic contribution) can supplement the corresponding
production target. Yet, setting a policy target on aquaculture and fisheries’ percentage
of GDP (a measure of its relative economic contribution) is less straightforward because
the measure (equal to the sector’s GVA divided by the GDP of the entire economy) is
subject to the influence of both demand- and supply-side factors; see section 3.2 for
more discussion.
A policy target on aquaculture and fisheries’ percentage of GDP may be set by
its GVA target divided by a corresponding GDP projection (e.g. provided by the
International Monetary Fund’s World Economic Outlook Database).20 In this situation,
the percentage of GDP would be a derivative target of the GVA target, i.e. the target
percentage of GDP would be determined according to the target GVA.
A policy target on aquaculture and fisheries’ percentage of GDP can also be set
according to reference benchmarks based on experiences in other countries. For
example, a country with a small aquaculture and fisheries’ percentage of GDP yet a
large untapped potential in the sector may use the experiences of similar countries (in
terms of resource endowment, development stage, food consumption pattern, etc.) to
set a target on aquaculture and fisheries’ percentage of its GDP. This may not be a hard
target that must be achieved; rather, it can serve as a benchmark to guide the country’s
policy and planning. For example, champions of aquaculture and fisheries do not need
to be disappointed with a small percentage of GDP for aquaculture and fisheries, but
instead can use the gap between the current and the benchmark percentage to justify or
seek more support to the sector.

https://www.imf.org/external/pubs/ft/weo/2017/01/weodata/index.aspx
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7. Concluding remarks
The lack of proper understanding and measurement of the contribution of aquaculture
and fisheries to GDP has been in great contrast with the attention and importance
attached to the subject. This paper contributes to narrowing the gap by developing the
conceptual framework for understanding the contribution of aquaculture and fisheries
to GDP and proposing the empirical methodology for measuring the contribution.
While the paper focuses on GVA as a whole, the various GVA measures and their
estimation methods can be applied to the components of GVA or related indicators
(labour income, business profit, employment, among others). Despite the good practices
and general guidelines suggested in the paper, there are still many practical issues to
be resolved for GDP measures to be properly and effectively used for evidence-based
policy and planning for sustainable aquaculture and fisheries development at the
national, regional and global levels.
Measuring the contribution of aquaculture and fisheries to GDP is not merely an
attempt to know the sector’s GVA or its percentage of GDP. It is more important to
understand the supply and demand-side factors that affect the contribution and to know
how to use the measures for evidence-based policy and planning. When experts and
practitioners pay sincere, adequate attention to the policy implications and practical
utilization of aquaculture and fisheries GDP measures, controversies surrounding the
measures would be easier to resolve, and the measurement enterprise can become more
effective and fruitful.
The inclusion of a fisheries GDP measure in the SDGs provides a timely opportunity
to move this enterprise forward. While SDG 14.7.1 explicitly mentions only “percentage
of GDP” as a measure of aquaculture and fisheries’ contribution to GDP, it should
be clear from the discussion in the paper that multiple GDP measures are needed to
comprehensively assess the sector’s economic contribution. The paper has developed
a set of GDP measures and suggested general guidelines on how the measures could
be and should be used under different situations. Further studies are needed to adapt
the measures to different data environments (e.g. alternative input-output modelling
set-ups) and expand them to address various policy and planning issues. More case
studies and expert consultations are needed to adapt the general guidelines to policy
and planning environments in different economies and refine and synthesize them into
internationally established methodology and standards (including terminology) for
measuring the contribution of aquaculture and fisheries to GDP.
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Appendix I
Estimation of the gross value added-final use
(GVA-FU) matrix
An economy similar to the one in Table 1, yet generalized to n sectors can be described by
AX+F=M+X 							

(A1)

where
		
		

is the domestic output matrix (column 14 in Table 1).

		

is the import matrix (column 13 in Table 1).

		

is the final use matrix (column 12 in Table 1).

			

is the direct requirement matrix where

aij = xij/xj								

(A2)

xij represents industry i’s sales to industry j, or equivalently, industry j’s purchase from
industry i, whereas xj represents the output of industry j (i.e. an element in the matrix
X defined above).
Thus, AX, the first element in equation (A1), represents the intermediate input/
consumption matrix (rows 1–7 and columns 1–7 in Table 1).
Let

denote the share of imported goods and services in the intermediate input xij and
denote the share of imported goods and services in the final use; then the import
content in xij would be
								
(A3)
and the import content in would be
									

(A4)

Then equation (A1) can be transformed into
X = AdX + Fd							

(A5.1)

or
X = (I - Ad)-1Fd							

(A5.2)

where I is the identity matrix with diagonal elements being 1 and other elements being zero;
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is the direct requirement
matrix for intermediate inputs
supplied by domestic
producers (corresponding to
the matrix comprising rows
1–7 and columns 1–7 in Table 2).

	represents the n industries’ final use provided by domestic
producers (column 9 in Table 2).

(I - Ad)-1, which is often called Leontief inverse (matrix), links the production of each
industry to final use. Denote

Then according to equation					

(A5.2)

								
where

and

(A6)

are elements of matrix (I - Ad)-1 and matrix Fd, respectively.

Denote industry i’s gross value added as vi; then its GVA ratio (denoted as
defined as
								

can be
(A7)

Combining equation (A6) and (A7) together, we can derive
								

(A8)

Equation (A8) links the gross value added of an individual industry to the final uses of
multiple industries. Specifically, the amount of industry i’s gross value added of industry i
(i.e. v1) attributable to the final use of industry 1 is
; that attributable to the
final use in industry 2 is
; and so on so forth. The contents in rows 2 to 7 in
Table 3 are calculated by equation (A8).
From equations (A2), (A3) and (A6), it is not difficult to derive
							

,

(A9)

which link the import content of an intermediate input to the final use of domestically
produced goods and services. Equation (A9) can be used to calculate the indirect import
contents (Table 3: row 11), whereas the (direct) import content (Table 3: row 10) can be
calculated by equation (A4).
Another way to calculate the indirect import contents (Table 3: row 11) is to apply
equations (A1) to (A8) to the eight-sector economy in Table 2 (including the seven actual
industries and the import sector); then the indirect import contents would be equal to
the GVA of the import sector, which can be calculated by equation (A8).
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Appendix II
Measuring indirect impact through backward
linkage
In order to estimate the impact of the disappearance of sector I (which could include
multiple industries) on industries in sector J, we use the “import-free” modeling
(equation A5.1) to describe sector J as
							

(A10)

where:

and

are kx1 and (n-k)x1 matrices representing the output of sector I (including the first
k industries) and section J (including the rest n-k industries), respectively.

		

is a (n-k)×k matrix representing the intermediate purchases the first k industries
from the rest n-k industries.

is a (n-k) × (n-k) matrix representing the intermediate purchases and sales among
the n-k industries.

is a (n-k) ×1 matrix representing the domestic final
uses of the n-k industries.

Equation (A10) can be transformed into
									

(A11)
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Assume that:
(i) Sector I is removed from the economy.
(ii) Sector J’s final use ( ) remains unchanged, which implies that after the removal
of sector I, industries in sector J cannot divert the goods and services they used to
sell to sector I to final use (i.e. final consumption, capital formation or export).
(iii) The input coefficients (
and
) remain stable, which implies that after
the removal of sector I, industries in sector J would use imports to replace the
intermediate goods and services they used to purchase from sector I.
Under these assumptions, the impact of the disappearance of sector I on the output of
sector J can be estimated by
								

where		

(A12)

.

Based on equation (A7) and (A12), the impact of the removal of sector I on the gross
value added of each industry in sector J can be measured by
(A13)

where

represents the gross value added of industries in sector J and
is a (n-k) × (n-k) matrix with the diagonal elements being the
corresponding industry’s GVA ratio (i.e. ) and other elements
being zero.

The sum of the impacts of the removal of sector I on the gross value added of industries
in sector J is the indirect impact of the output change on GDP, which, according to
equation (A13), can be measured by
Indirect impact on GDP =		

				

(A14)

where
is the 1× (n-k) summation matrix with all elements in it being 1. Accordingly,
the overall direct and indirect impact on GDP is measured by
Overall impact on GDP = 						

(A15)

where 		
; hence, the first term in equation (A15) measures the GVA loss in
the industries in sector I; and the second term is the total GVA loss in sector J measured
in equation (A14).
Equation (A15) is applied to the economy described in Table 2 for three scenarios (i.e.
the disappearance of aquaculture, fishing or both); the resulting impacts are used to
measure the sectors’ direct and indirect contribution to GDP (Table 5).
With
and
determined in A(12), the impact on each imported intermediate
input can be estimated by equations (A2) and (A3); thus, the impact on industry j’s
imported intermediate input can be measured by:
for

j=1, 2, …, n					

(A16)
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Appendix III
Measuring indirect impact through fish
processing
The results in column 1 of Table 6 (also in the last column of Table 5) are estimated
based on equation (A13), where the sector I includes aquaculture and fishing, and
includes
(the removal of aquaculture) and		
(the removal
of fishing).
As the domestic aquaculture and fishing industry supplies 86 percent of fish processing’s
USD 300 million purchase of (domestic and imported) aquaculture and fishing products,
we assume that the removal of aquaculture and fishing would lead to an 86 percent
decline in fish processing’s USD 700 million output, i.e.
In this situation,
would include ∆xaq = -500 (the removal of aquaculture), ∆xfi = -400
(the removal of fishing) and ∆xprocessing = - 602 (the resulting 86 percent decline in fish processing).
The impact of this
can be estimated by equation (A13); the results are presented
in column 2 of Table 6.
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Appendix IV
Measuring indirect impact through fish
marketing
Assume that
includes ∆xaq = -500 (the removal of aquaculture), ∆xfi = -400 (the
removal of fishing), ∆xprocessing = -602 (the resulting 86 percent decline in fish processing),
and ∆fdmarketing = -423 (the resulting 85 percent decline in the transport and trade margin
for marketing fish products for final use); the impacts of these simultaneous changes on
the output of aquafeed, fishing boat, fish processing, fish marketing and ROE can be
estimated by equation (A11) in Appendix II, and the consequent impacts on their GVA
can be then be estimated by equation (A13) in Appendix II.
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Appendix V
Measuring indirect impact through fishing
boat building
Assume that
includes ∆xaq = -500 (the removal of aquaculture), ∆xfi = -400
(the removal of fishing), ∆xprocessing = -602 (the resulting decline in fish processing),
d
∆f marketing = -423 (the resulting decline in the transport and trade margin for marketing
d
fish products for final use), and ∆f boat = -93 (the resulting disappearance of domestic
demand for fishing vessel); the impacts of these simultaneous changes on the output of
aquafeed, fishing boat, fish processing, fish marketing and ROE can be estimated by
equation (A11) in Appendix II, and the consequent impacts on their GVA can be then
be estimated by equation (A13) in Appendix II.
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Appendix VI
Estimations for the three-industry sector
The estimation methods for the results in Table A.1 (for the three-industry aquaculture
and fisheries sector) are as follows:
• Column 1: estimated from equation (A13);
includes ∆xaq = -500 (the removal of
aquaculture).
• Column 2: estimated from equation (A13);
includes ∆xfi = -400 (the removal of
fishing).
•	
Column 3 estimated from equation (A13);
includes ∆xprocessing = -700 includes
(the removal of fish processing).
• Column 4 estimated from equation (A13);
includes ∆xaq = -500, ∆xfi= -400 and
∆xprocessing =-700 (i.e. the removal of aquaculture, fishing and fish processing
altogether).
• Column 5 estimated from equation (A11);
includes ∆xaq = -500, ∆xfi = -400,
and ∆xprocessing = -700 (i.e. the removal of aquaculture, fishing and fish processing
altogether); and ∆Fjd includes ∆fdmarketing = -456 (the resulting decline in the transport
and trade margin for marketing fish products for final use).
• Column 6 estimated from equation (A11);
includes ∆xaq = -500, ∆xfi = -400,
and ∆xprocessing = -700 (i.e. the removal of aquaculture, fishing and fish processing
altogether); and ∆Fjd includes ∆fdmarketing = -456 (the resulting decline in the transport
and trade margin for marketing fish products for final use) and ∆fdboat = -93 (the
resulting disappearance of domestic demand for fishing vessel).
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Table A.1

Contribution of aquaculture and fisheries to GDP: the case of the three-industry sector
Column no.

1

2

3

4

5

6

7

Extended aquaculture
and fisheries sector

Basic + linkage
to fish marketing
+ linkage to
fishing boat

Basic + linkage
to fish marketing

Basic (aquaculture
+ fishing + fish
processing +
backward linkage)

Fish processing +
backward linkage

Industry

Fishing +
backward linkage

Row
no.

Aquaculture +
backward linkage

Three-industry sector: “aquaculture +
fishing + fish processing”

Value (million USD)
1

Direct GVA

2

Aquaculture

3

Fishing

4

Fish processing

5

250

300

170

720

720

720

250.00

250.00

250.00

300.00

300.00

300.00

170.00

170.00

170.00

170.00

69

337

274

687

763

1.13

50.92

250

124.31

300

250.00
300.00

Indirect GVA

111

6

Aquaculture

7

Fishing

10.82

8

Aquafeed

16.56

0.07

3.37

16.56

16.56

16.56

60

9

Fishing boat

-

-

-

-

-

34.97

50

10

Fish processing

3.69

0.06

11

Fish marketing

3.25

1.31

20.09

23.07

311.27

311.29

12

Rest of the economy

76.29

65.98

138.74

234.36

358.67

400.05

361

369

507

994

1 407

1 483

0.34

1.44

1.44

1.44

0.50

0.50

0.50

0.60

0.60

0.60

0.34

0.34

0.34

0.34

0.14

0.67

0.55

1.37

1.53

0.00

0.10

0.50

0.25

0.60

13

Total (direct and indirect) GVA

170
360

1 190

Percentage of GDP (%)
14

Direct contribution

15

Aquaculture

16

Fishing

17

Fish processing

18

Indirect contribution

0.50

0.60

0.50
0.60

0.22

19

Aquaculture

20

Fishing

0.02

21

Aquafeed

0.03

0.00

0.01

0.03

0.03

0.03

0.12

22

Fishing boat

-

-

-

-

-

0.07

0.10

23

Fish processing

0.01

0.00

24

Fish marketing

0.01

0.00

0.04

0.05

0.62

0.62

25

Rest of the economy

0.15

0.13

0.28

0.47

0.72

0.80

0.72

0.74

1.01

1.99

2.81

2.97

0.95

1.06

26

Total (direct and indirect) contribution

0.34

GVA ratio (equal to GVA divided by output)
27

Output

500

400

700

1 600

28

Total direct and indirect GVA ratio

0.72

0.92

0.72

0.62

29

Direct GVA ratio

0.50

0.75

0.24

0.45

30

Indirect GVA ratio

0.22

0.17

0.48

0.17

GVA multiplier (equal to indirect GVA divided by direct GVA)
31

GVA multiplier

0.44

Notes: “-“denotes zero. See Appendix VI for estimation details.

0.23

1.98

0.38

0.72

2.38
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Appendix VII
Estimations for the four-industry sector
The estimation methods for the results in Table A.2 (for the four-industry aquaculture
and fisheries sector) are as follows:
• Column 1: estimated from equation (A13);
includes Δxaq=-500
(the removal of aquaculture).
• Column 2: estimated from equation (A13);          includes Δxfi=-400
(the removal of fishing).
• Column 3: estimated from equation (A13);     includes Δxprocessing=-700
(the removal of fish processing).
• Column 4: estimated from equation (A13);         includes Δxmarketing=-600
(the removal of fish marketing).
• Column 5: estimated from equation (A13);          includes Δxaq=-500 , Δxfi=-400,
Δxprocessing=-700, and Δxmarketing=-600 (i.e. the removal of aquaculture, fishing, fish
processing and fish marketing altogether).
• Column 6: estimated from equation (A11);         includes Δxaq=-500 , Δxfi=-400,
Δxprocessing=-700, and Δxmarketing=-600 (i.e. the removal of aquaculture, fishing, fish
processing and fish marketing altogether); and ΔFJd includes
=-93
(the resulting disappearance of domestic demand for fishing vessel).
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Table A.2

Contribution of aquaculture and fisheries to GDP: the case of the four-industry sector
Column no.

1

2

3

4

5

6

7

Extended aquaculture
and fisheries sector

Basic + linkage
to fishing boat

Basic (aquaculture
+ fishing + fish processing +
fish marketing + backward
linkage)

Direct GVA

Fish marketing +
backward linkage

1

Fish processing +
backward linkage

Industry

Fishing +
backward linkage

Row
no.

Aquaculture +
backward linkage

Four-industry sector:
“aquaculture + fishing
+ fish processing
+ fish marketing”

Value (million USD)

2

Aquaculture

3

Fishing

4

Fish processing

5
6

250

300

170

360

250.00
300.00
170.00

Fish marketing
Indirect GVA

111

69

1 080

250.00

250.00

300.00

300.00

170.00

170.00

360.00

360.00

360.00

337

156

396

473

7

Aquaculture

8

Fishing

10.82

9

Manufacture of aquafeed

16.56

10

Building of fishing boats

-

11

Fish processing

3.69

0.06

12

Fish marketing

3.25

1.31

20.09

76.29

65.98

138.74

155.44

379.69

421.06

361

369

507

516

1 476

1 553

0.34

0.72

2.16

2.16

0.50

0.50

0.60

0.60

0.34

0.34

13

1.13

1 080

Rest of the economy

14

Total (direct and indirect) GVA
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This paper uses input-output analyses (including mathematical formulas and
numerical examples) to clarify conceptual issues and establish an empirical
methodology concerning the measurement of the contribution of aquaculture and
fisheries to gross domestic product (GDP). Furthermore, it reveals how to use
GDP measures to facilitate evidence-based policy and planning for sustainable
aquaculture and fisheries development. Also, this paper standardizes the procedures
for measuring the economic contribution of seafood industries and facilitates
the establishment of internationally established and accepted measures of the
contribution. The measures suggested here can be used to compare the economic
status of the aquaculture and fisheries sector in different countries and to monitor
the status of a country’s aquaculture and fisheries development over time.
Additionally, its conclusions will have value for practitioners in aquaculture and
fisheries, the academic community interested in national and regional economics,
and students in input-output analysis. While the paper is focused on aquaculture
and fisheries, the conceptual framework and empirical methodology it establishes
are generally applicable to other industries or sectors.
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