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Executive Summary

Aquaculture has not yet been included in the
renewable natural capital accounts of the World
Bank’s The Changing Wealth of Nations (CWON).
This study explored the feasibility of including the
wealth generated by aquaculture in future editions
to complement the information on other blue natural
capital assets, including marine fish stocks and
mangroves. The study concentrated on select pilot
countries with significant aquaculture industries and

whose production systems had sufficient data.

Including aquaculture assets in CWON is not
challenging conceptually because a resource rent/
net present value approach can be readily applied as
recommended by the System of National Accounting
(SNA) and the System of Environmental-Economic
Accounting (SEEA) for traded natural capital assets.
However, there are significant data constraints, as the
required information on operating and capital costs
is rarely reported in publicly available datasets. Most
of the estimates for this pilot account were based on

research results and information from key contacts.

Resource rent estimates for most aquaculture
production systems included in this pilot account were

positive and significant, including for salmon farms

in Norway, tilapia farms in Egypt, shrimp farms in
Ecuador, and a range of finfish species in Bangladesh.
However, estimates for finfish aquaculture in Japan

and Indonesia were more variable.

A back-of-the-envelope extrapolation finds that the
asset value of aquaculture could reach $1 trillion,
which is four times more valuable than the value
of marine fish stocks currently included in CWON.
However, to estimate rigorously and consistently the
asset value of aquaculture for all major aquaculture-
producing countries for a 25-year period, as required
by CWON, would require significant additional data

collection and analysis.

A key recommendation of this pilot is to build a
systematic and integrated data collection system
consistent with SNA and SEEA methodologies
supported by anaquaculture economics community of
practice, comprising national statisticians, technical
specialists, economists, and regulatory authorities.
Given that the top 12 aquaculture-producing countries
contribute 75 percent of all aquaculture production
(by value), the use of resource rent estimates from
these countries would sufficiently represent global

aquaculture value.
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ACRONYMS AND ABBREVIATIONS

CWON Changing Wealth of Nations

FAO Food and Agriculture Organization

GIFT genetically improved farmed tilapia

GAFRD General Authority for Fisheries Resources DevelopmenT

HA Hectare

ISA Infectious Salmon Anemia

KG Kilograms

MAFF Ministry of Agriculture, Fisheries and Forestry

NPV Net present value

RVM Residual value method

SEEA-CF System of Environmental-Economic Accounts—Central Framework
SEEA-EA System of Environmental-Economic Accounts—Ecosystem Accounting
SNA System of National Accounts
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INTRODUCTION

Introduction

1.1 RATIONALE

The renewable natural capital accounts in the World
Bank’s The Changing Wealth of Nations (CWON),
have not yet included aquaculture assets. Marine
fish stocks and mangroves were included as blue
natural capital' in the 2021 update of the CWON
database with the understanding that other blue
natural capital assets would be included in future
editions (World Bank 2021). This report explores the
feasibility of adding aquaculture assets into CWON.

CWON has attracted global attention as a tool for
viewing wealth as a complementary metric to GDP
in assessing economic progress. It develops asset
accounts for countries, aligning its methodology,
where possible, with the internationally accepted
statistical standards laid out in the 2008 System of
National Accounts (SNA) as well as its extension
documents, the System of Environmental-
Economic Accounting—Central Framework (SEEA-
CF) and the System of Environmental-Economic
Accounting—Ecosystem  Accounting (SEEA-EA)
(United Nations 2008; United Nations 2014; United
Nations et al. 2021). However, to produce estimates
that are consistent and comparable across all
countries, CWON relies on global datasets compiled
by international institutions as well as regional and
national research institutes and, in some cases, by

private data suppliers.

The overall goal of this study is to develop and test
methods suitable for the valuation of aquaculture-
related assets for the preparation of CWON. The study
also proposes different approaches to scaling up the

estimation of aquaculture wealth to all aquaculture-

producing countries for future issues of CWON,
taking into consideration, among other things, data

availability and replicability of the approach.

1.2 GLOBAL AQUACULTURE

Aquaculture has become an increasingly important
source of aquatic animals and algae as food for
human consumption and other products. The
sector contributed more than half of total aquatic
production in 2020 and is expected to expand
further in the current decade (FAO 2022).

Aquaculture has been defined as the farming
of aquatic organisms, including fish, mollusks,
crustaceans, and aquatic plants. Farming implies
some form of intervention in the rearing process
to enhance production, such as regular stocking,
feeding, and protection from predators. Farming
also implies individual or corporate ownership
of the stock being cultivated (FAO 2008). It is an
increasingly important source of food, income,
and employment in many parts of the world (Little,

Newton, and Beveridge 2016).

According to FAO (2022), total fisheries and
aquaculture production reached 214 million tonnes
in 2020, with aquaculture making up more than half
(123 million tonnes) of this (Figure 1.1), including
87.5 million tonnes of aquatic animals (for example,
fish, shrimp, and bivalve mollusks) and 35.1 million
tonnes of algae, with a total value of $281.5 billion.
This compares to global capture fisheries? production
(only aquatic animals) in 2020 of 90.3 million tonnes
worth $141 billion. The growth of aquaculture,

particularly in Asia, has helped meet the growing

1 Blue natural capital has been defined as that portion of natural capital that is found in coastal. marine and ocean environmnets and which provides
ecosystem services that yield a flow of benefits to people and sustain life on earth (White and Rahill. 2021)

2 This includes freshwater. marine, and brackish water capture fisheries
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demand for fish, with per capita consumption more
than doubling from an average of 9.9 kilograms (kg)

per capita in the 1960s to 20.2kg per capita in 2020.

Aquatic animal production is expected to grow
by another 14 percent by 2030, mainly due to the
sustained growth of aquaculture, and is projected
to reach 100 million tonnes in 2027 and 106 million
tonnes in 2030. Meanwhile, world capture fisheries

are expected to also increase by 6 percent to reach 96

INTRODUCTION o

million tonnes in 2030 because of improved fisheries
management; fishing of underfished resources; and
reduced discards, waste, and losses (FAO 2022).
Future demand for fish, seafood, and seaweed is
also expected to increase rapidly over the next few
decades. A recent review of “blue foods” estimated
that the world is likely to eat twice as many fish and
aquatic foods by 2050 compared to 2015, provided
production keeps pace with demand and real prices
do not rise (Naylor et al. 2021).

FIGURE 1.1: WORLD CAPTURE FISHERIES AND AQUACULTURE PRODUCTION, 1950-2020

180

160

140

120

100

80

MILLION TONNES

60
40
20

0

1950 1955 1960 1965 1970 1975 1980

Source: FAO 2022.
Note: The data are reported in million tonnes.

Aquaculture is a complex industry that encompasses
a broad range of production systems. These include
floating cage-based finfish aquaculture, pond and
tank-based finfish and shrimp, as well as various
bivalve shellfish and seaweed growing systems,
situated in marine coastal waters; along coastlines;
in river estuaries and inland freshwaters such
as lakes and rivers; and using water supplied by

agricultural irrigation systems. It is also carried

\ AQUACULTURE

CAPTURE

1985 1990 1995

2000 2005 2010 2015 2020

out at a wide range of production intensities, from
highly productive tank or cage-based systems where
species such as salmon or marine finfish must be
fed protein and energy-rich diets, to pond-based
systems growing carps or tilapia where natural
food comprises a high proportion of the nutritional
requirements, as well as unfed systems for filter-

feeding mollusks and seaweeds.

ESTIMATING THE GLOBAL CONTRIBUTION OF AQUACULTURE TOWARDS THE CHANGING WEALTH OF NATIONS



INTRODUCTION

Figure 1.2 shows production value in the 12 largest
aquaculture-producing countries, broken down by
species group. Global aquaculture is dominated by
China, which represented 60.3 percent of global
aquaculture value in 2020, followed by India,
Vietnam, Indonesia, Chile, Norway, Bangladesh,
Japan, Ecuador, Thailand, Egypt, and the Republic

of Korea, while other countries each contributed
less than 1 percent towards total value (FAO 2022).
The mix of species groups varies widely from
country to country. While Chinese aquaculture
includes a diverse range of species groups,
countries such as Chile, Norway, Ecuador, and

Egypt are more specialized.

EIGURE 1.2: AQUACULTURE PRODUCTION VALUE IN THE TOP 12 COUNTRIES, BY SPECIES GROUP, 2020
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1.3. ECOSYSTEM ACCOUNTING
PRINCIPLES FOR AQUACULTURE

While aquaculture is barely mentioned in the SNA,
it is referenced at several points in the SEEA-CF and

the SEEA-EA. The general ecosystem accounting

. Other crustaceans
. Seaweeds and algae

— [ ] —
Bangladesh  Japan Ecuador  Thailand Egypt Korea
Molluscs Freshwater finfish

. Other

framework shown in Figure 1.3 is used in the SEEA-
EA to explain the relationship between ecosystem

assets, services, and benefits.
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FIGURE 1.3: RELATIONSHIP BETWEEN ECOSYSTEM ASSETS, SERVICES, AND BENEFITS
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Source: Figure 2.1 in United Nations et al. 2021.

The SEEA-CF focuses on the assets that could be
attributed to the aquaculture industry, including
fixed assets, work-in-progress on cultivated biological

assets, and natural assets.

The fixed assets used in aquaculture include ponds,
raceways, tanks, net pens, cages, nets, boats, harvest
gear, feeding equipment, processing equipment,
storagefacilitiesand other machinery, and equipment
and structures used by aquaculturists. The SNA
and SEEA-CF also recognize cultivated biological
resources that are used repeatedly or continuously as
a type of fixed asset (for example, livestock bred for
milk or as breeding stock or fruit trees that live for
many years). In the case of aquaculture, such “repeat
yield” biological assets apply to long-lived brood
stock that are spawned over several years. It should
be possible to place a value on fixed assets, at least
for large-scale fish farming companies following

standard accounting practices.
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According to the SNA, “Work-in-progress on cultivated
biological resources consists of output that is not
yet sufficiently mature to be in a state in which it is
normally supplied to other institutional units.” This
would include finfish or crustaceans that take more
than one year to mature. As they mature, their value
should be recorded on balance sheets as part of
inventories. Once they are sold, they cease to be assets

and their value should be removed from inventories.

Natural systems provide inputs to aquaculture that
could be considered as natural assets. For example,
freshwater lakes and coastal marine systems provide
nutrients and habitats for aquaculture of certain fish
and shellfish. However, the coverage of these assets in
the SNA is incomplete and the SNA does not specify a
natural asset category that would necessarily capture
them. In the SEEA framework, such asset values
would likely fall under the heading of ecosystem

assets in the ecosystem accounting framework.
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The SEEA-CF, like the SNA, does not include such
assets. To the extent that aquaculture operations
are considered part of the agriculture industry,
the value of ponds used for aquaculture may get
captured by statistical agencies in estimates of the
value of farmland. On the other hand, it is doubtful
that lake- or ocean-based aquaculture would be
captured in SNA-based estimates of natural assets,
since the SNA has no relevant asset category. It is
also unclear the extent of the role natural assets play

in certain types of highly intensive aquaculture.

All three of these asset classes will pose problems
for a global assessment of aquaculture value.
Fixed assets might be possible to estimate but
even then would require the collation of data from
thousands of individual companies, while work-
in-progress and natural assets would require new

data collection methodologies.

The SEEA-EA takes a different approach and
includes aquaculture in a reference list of selected
ecosystem services as a biomass provisioning
service. “Aquaculture provisioning services are
the ecosystem contributions to the growth of
animals and plants (e.g., fish, shellfish, seaweed) in
aquaculture facilities that are harvested by economic
units for various uses. This is a final ecosystem
service” (United Nations et al. 2021). The ecosystem
services will contribute to benefits in combination
with other inputs such as labor and produced
capital. The SEEA-EA explains that for livestock
(including farmed fish) the measurement target is on
the extent of the connection between the livestock
and relevant ecosystem assets. This implies that,
for some intensive systems, there may be no direct
connection to the ecosystem and, thus, no ecosystem
services should be recorded except with reference

to the provision of inputs such as fish feed (using

ingredients from the ecosystem) and seed collected

from the wild.

With specific reference to aquaculture, the SEEA-

EA continues:

“By extension, the livestock treatment
applies to other animals (mainly fish) raised
in aquaculture facilities (both marine and
freshwater) whose cultivation involves the
provision of feed inputs, including fish meal.
Thus, the gross biomass harvested from
aquaculture should not be used as a proxy
for the ecosystem contribution. An exception
arises where no feed or other inputs are
provided (e.g., the farming of oysters). In
these cases, the ecosystem service can be
appropriately measured using the gross
biomass harvested. Where aquaculture is
undertaken without a direct connection to a
surrounding ecosystem asset, no ecosystem

services should be recorded.”

The SEEA-EA outlines a range of approaches that
can be used to value ecosystem services, including
those used for agricultural production. In this case,
the direct operating and input costs associated
with producing an agricultural output, including
fuel, fertilizer, labor, and produced assets, must be
deducted from the value of the output to isolate the
value of the ecosystem services. The residual value
method (RVM) is a way to estimate the value of an
ecosystem service. The first step is to take the gross
value of the final marketed good and then deduct
the cost of all other inputs, including intermediate
inputs, labor, and the user cost of the produced

assets used in the production process (Box 1.1).
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However, SEEA-EA points out that, in practice, there

can be several difficulties in applying these methods.

“First, the residual may reflect a combination
of other non-paid and indirect inputs, and
thus distinguishing the ecosystem service
contribution may be difficult. Second, the
estimate is subject to errors in calculating
the value of all the paid inputs. Third, the
size of the residual will be directly affected by
the institutional arrangements surrounding
the use of the ecosystem. Finally, it is noted
that this method is often most readily
applied using broad, industry level data

and the resulting price estimates may lack
the granularity required for developing
location specific monetary values. At the
same time, since this method is applied based
on observed data, the values and prices
estimated using this technique will reflect the
current institutional context and may provide

a high-level framing for monetary values.”

Box 1.1:

Description of the residual
value method

Output (gross production times average price)
less intermediate inputs

less labor costs
Equals gross operating surplus

less user costs of produced capital (hormal

return on produced assets plus depreciation)

Equals resource rent

Note: CWON uses a 4 percent discount rate across all resources
and years while the lifetime of a resource is capped at 100 years.

INTRODUCTION o

In other words, ecosystem service values can
be estimated using residual value or resource
rent methods, but it is an indirect process, and
the results can be influenced by a wide range of
variables, most of which are also estimated and
prone to error. For example, it requires accurate
estimates of the number of people employed and
their remuneration rate, or the amount of feed used
and actual feed costs, whereas national reporting
systems or research reports may overstate the
number of employees or publish feed efficiency data
for the best farms rather than the average, leading

to unrealistic resource rent estimates.

Calculating aquaculture resource rents requires
credible information on operating costs for each
aquaculture subsector, including feeds, seed (juvenile
fish, shellfish spat),

lighting, filters), maintenance, site rental, and labor,

energy (vehicles, pumps,
as well as capital costs to estimate depreciation and

the opportunity cost of capital invested.

Regarding the valuation of ecosystem assets, SEEA-
EA explains that a net present value (NPV) approach
is used. The value of an asset is determined by
estimating the stream of income expected to be
earned in the future and then discounting the future
income back to the present accounting period.
Each ecosystem asset, such as an area of coastline,
will have provided several ecosystem services and
the NPV of expected future returns from each of
these are aggregated to derive a total value for the
ecosystem asset. Assumptions are also made about
the expected life of an asset. If managed sustainably,

the asset life will be infinite.

Clearly, aquaculture falls within the scope of
ecosystem accounting, although the nature of
ecosystem services provided and their contribution
towards output will vary from system to system. For
example, a cage-based finfish farm may be situated

in the same marine coastal shelf or fjord-like
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ecosystem as a bivalve shellfish or seaweed farm.
The contributions made by ecosystem services to
the finfish farm will be clean water, oxygen, and
dispersal of uneaten food and feces by tidal currents.
For shellfish, the ecosystem provides oxygen and
food, in the form of plankton that are consumed by
the shellfish through filter feeding, while seaweed
growth depends on access to light and dissolved

nutrients in the water.

According to SEEA-EA guidance, it appears that an
RVM/NPV approach can be used to place a value on
ecosystem services for aquaculture and is likely to
be less cumbersome than an asset-based approach
as outlined in the SEEA-CF. Nevertheless, an RVM/
NPV approach requires additional information
on operating and capital costs, beyond the output
quantity and value figures normally collected by
national statistical offices for publication in national

reports and by FAO in regular reports and databases.

1.4 CHOICE OF PILOT COUNTRIES

For this study, the focus was on countries with
robust statistical and reporting systems in order
to access more detailed data than the usual level
covered by FAO statistics (production quantity
and value). It was also proposed to concentrate on
relatively straightforward aquaculture systems—
countries specializing in the production of relatively
few commodities rather than multiple species and

systems.

Figure 1.2 illustrated the relative importance of the
main aquaculture species groups within the top 10
aquaculture-producing countries. Although China
is by far the leading aquaculture producing country

in terms of both quantity and value, the complexity

of its aquaculture architecture and challenges in
sourcing information created difficulties for it to
be included in this exercise. Based on the likely
availability of data and coverage of the main
aquaculture species groups, the study concentrated
on aquaculture systems in Norway, Japan, Egypt,

India, Bangladesh, Vietnam, and Ecuador.

In practice, the level of detail and quality of available
data differed among countries. During the literature
review for this study, it became apparent that recent
Norwegian economic research had estimated
resource rents arising from salmonid aquaculture,
based on publicly available data from the Directorate
of Fisheries website® (Greaker and Lindholt 2021).
However, this proved to be the exception. Publicly
available data from other countries was sporadic,
or restricted to the production quantity and value
information collected for publication in FAO
statistics or national databases. It was therefore
not possible to develop comprehensive aquaculture
wealth estimates for the other countries covering
the 25-year time-span usually required for CWON.
However, it would be possible to use residual value
methods to estimate resource rents for particular
years as long as there were sufficient data on the
value of production and its costs, including feed,
power, transport, and cost of employees, as well
as depreciation of fixed assets and the opportunity

cost of investing in those assets.*

Other approaches had to be used for this study,
including taking information from published
research reports or requesting information from key
contacts in particular countries and sectors. Neither
of these approaches are desirable as research
reports are usually based on a particular group of

farms rather than reflecting the performance of the

3 https//wwwhskeridirno/English/Aquaculture/Statistics/Atlantic-salmon-and-rainbow-trout

4 Previous analyses by CWON group in the World Bank have not accounted for subsidies or taxes therefore these will be omitted from the aquaculture estimates
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sector as a whole, while key contacts express their
own opinion, which might differ from official views

of regulatory authorities.

Apart from Norway, where the analysis was based
on publicly available national statistics, all other
estimates in this study should be approached with
caution. The issues over data collection also meant
the study was unable to cover all the target countries

and systems.

By the end of the study period, the potential for
estimating aquaculture assets had been assessed
to some extent in the following pilot countries and

aquaculture systems:

INTRODUCTION

Norway—salmonid aquaculture.
Ecuador—shrimp aquaculture.
Egypt—tilapia/mullet polyculture.

Japan—marine finfish, bivalve mollusks,

and seaweeds.

Bangladesh—carp, pangasius, and

tilapia aquaculture.

Indonesia—shrimp, tilapia, carp, milkfish,

and pangasius.
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RESULTS

Results

2.1 CASESTUDY 1:
SALMONID AQUACULTURE
IN NORWAY

2.1.1 Background

Atlantic salmon have a two-stage life cycle where eggs
hatch in well-oxygenated freshwater streams, then
the juvenile salmon stay in these rivers for over a year
before migrating to the sea as smolts. Rainbow trout
usually stay in freshwater but can also migrate to sea
as they can acclimatize to grow in seawater. The young
fish grow quickly in the marine environment before
returning after a year or several years to reproduce in

their natal rivers.

The global marine salmon and rainbow trout
aquaculture industry started in the 1960s in Norway
and Scotland. Early salmon farmers replicated the
natural life cycle by keeping juvenile salmon in
freshwater tanks or cages before stocking them at
the appropriate time of year into floating cages in
sheltered fjords or sea lochs. The main challenges at
that time were growing enough smolts to stock the

cages, developing appropriate feeds, surviving storms,
and avoiding early maturation of salmon in the cages.

Norway had very suitable sites for cage-based farming
of salmon in the sea and developed as the center
of production and expertise, followed closely by
Chile (Figure 2.1). Most of the early challenges were
addressed with:

- Development of dedicated hatcheries

(recently, recirculation-based) for smolts.

+ Manipulation of light regimes to control the
smoltification process.

+ Highly efficient feed formulations tailored to
each life stage.

- Development of robust cage systems that can
withstand harsh conditions.

+ Selective breeding for domesticated strains
of fast-growing fish that perform well in
cage-based systems.

+ Use of vaccines and genomic selection to

control disease.

FIGURE 2.1: SALMON AND RAINBOW TROUT PRODUCTION IN SELECTED COUNTRIES
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However, new challenges emerged, including

environmental concerns such as escaped
domesticated salmon disrupting the genetic
composition of wild salmon populations, the
discharge of solid and dissolved wastes causing
pollution, and the potential spread of fish diseases
from farmed to wild fish populations. Although global
production increased, the presence of notifiable
diseases such as Infectious Salmon Anemia (ISA)
frequently disrupted progress in particular countries
(Groves et al. 2023). This made salmon aquaculture
a risky investment. Until the last decade, corporate
investors tended to back safer subsectors such as
feed companies, leaving salmon farming to less risk-

averse investors with deep pockets.

Over the years, standard operating procedures were
developed, particularlyaround biosecurity. These were
supported by certification systems such as national
codes of conduct as well as third-party certification
systems such as the Aquaculture Stewardship
Council (asc-aqua.org), Global Seafood Alliance Best
Aquaculture Practices (bapcertification.org), and
GlobalGAP standards for aquaculture (globalgap.
org). Perhaps the greatest remaining challenge is the
presence of sea lice, an external parasite affecting
both farmed and wild salmonids that is linked to ISA
(Greaker, Vormedal, and Rosendal 2020). Norwegian
fish farmers must report the infection rates of sea lice
on their fish and take action to minimize their spread,
leading to an ever-increasing range of actions to
control their numbers, including in-feed medication,
chemical bath treatments, freshwater bath treatments,
mechanical flushing of sea lice, and biological control
of sea lice with cleaner fish. Welfare aspects have
also become important, including stocking densities,
humane slaughter of fish, and developing non-lethal

methods to deal with predators such as seals.

Modern salmon farms use massive offshore cages
(often up to 80m diameter x 25m deep) linked to feed

and accommodation barges that are supplied by large

RESULTS e

service boats. Fish are harvested by pumping them
into wellboats for transfer to killing and processing
stations. The cages use automatic feeding systems
and underwater cameras to monitor fish behavior.
Salmon farming companies have consolidated into
larger, global entities and invested in feed production
and downstream processing, adding value to
their product. Meanwhile, consistent, year-round
production of a high-quality, nutritious product
has dovetailed with the needs of multiple retailers
across the world, which has increased demand. As
a result, global production of salmon and rainbow
trout grew from about 0.5 million tonnes in 1995 to 2.8
million tonnes in 2020 (Figure 2.1), while Norwegian
production grew from 276,000 tonnes to almost 1.5

million tonnes over the same period (FAO 2023a).

2.1.2 Resource Rent Estimates

Table 2.1 shows resource rent estimates for
Norwegian salmon and trout aquaculture in
selected years over the period 1995 to 2020, based
on publicly available data in the Norwegian
Directorate of Fisheries website. Figure 2.2 shows
the relationship between sales value and resource

rent over the same period.

In the period before 2012, estimated resource rent
values were close to or sometimes below zero.
However, they rose rapidly from 2012 until 2016 to
values of about $3 billion, before decreasing to just
over $2 billion in 2020.

The key factors contributing to positive resource rents
in recent years were consistent levels of production
at favorable market prices, along with controlled
costs resulting in high gross operating surplus levels.
Looking at 2012, the last year when resource rent was
negative, intermediate consumption was estimated
at $4.8 billion, compared to only $4 billion in 2018,
2019, and 2020, while output was only $5.1 billion,
equivalent to 61 percent of the 2018 figure.

ESTIMATING THE GLOBAL CONTRIBUTION OF AQUACULTURE TOWARDS THE CHANGING WEALTH OF NATIONS
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TABLE 2.1: RESOURCE RENT ESTIMATES FOR NORWEGIAN SALMON AND TROUT AQUACULTURE, 1995-2020

YEAR 1995 2000 2005 2010 2015 2020
Production (t) 276,510 448,267 645,080 994,211 1,376,353 1,484,697
Output ($ x1,000) 1,022,255 | 1,374,495 2,099,890 5,040,216 5,760,477 7,282,847
Intermediate consumption (-) 724,653 858,398 1,540,937 3,274,142 3,697,225 4,014,363
Seed ($ x 1,000) 186,264 148,192 197,020 401,977 457414 729,076
Feed ($ x 1,000) 403,792 532,655 1,007,938 2,154,124 2,429,858 2,463,965
Fuel & transport ($ x 1,000) 134,597 177,552 335,979 718,041 809,953 821,322
VALUE ADDED (=) ($ x 1,000) 297,602 516,097 558,953 1,766,073 2,063,253 3,268,485
Compensation of employees (-) 184,640 118,996 148,883 364,894 413,796 592,208
GROSS OPERATING SURPLUS 112,972 397,100 410,071 1,401,179 1,649,457 2,676,277
Depreciation (-) 9,411 59,569 85,976 217,664 310,340 522,548
Return on fixed assets (-) 2,936 14,452 20,102 49,210 72,295 127,012
RESOURCE RENT ($ x 1,000) 100,615 323,079 303,993 1,134,305 1,266,822 2,026,717

Source: https.//www.fiskeridir.no/English/Aquaculture/Statistics/Atlantic-salmon-and-rainbow-trout

Note: Nominal values are reported at prevailing exchange rates in $ thousand per year.
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FIGURE 2.2: NORWAY SALMON AND TROUT SALES VALUE AND RESOURCE RENT, 1995-2020
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Note: Nominal values are reported at prevailing exchange rates in $ billion per year.

This analysis supports the finding by Greaker and
Lindholt (2021) that the Norwegian cage-based
marine aquaculture industry has been generating
significant resource rents in recent years. They
estimated that over the most recent 10-year period,
resource rent averaged about $1.8 billion per year.
The profits being generated by salmon farming
companies were noted by the Norwegian government
and, following several months of negotiations, an
extraordinary tax of 25 percent of the value added to
fish during their time in marine cages was applied to
large companies, with the assurance that this would
result in increased resources for areas of the country

where fish farms are located.®

Cage-based salmon farms depend on ecosystem
services provided by sheltered marine sites and
the resource rent method used to place a value on

these services follows SEEA guidance. However, the

5 https//thefishsite.com/articles/norway-sets-salmon-tax-at=25-percent

higher profitability of salmon farming companies
since 2012 derives mainly from the inability of
the industry to respond to increased demand by
increasing production. If more salmon was produced
in Norway, or production could be increased in
competitor countries, unit prices would probably
fall and resource rent estimates would return to the

pre-2012 situation when they were around zero.

The production capacity of salmon farming
companies is constrained by regulatory controls
in the limited number of areas across the world
with suitable conditions for cage-based salmonid
aquaculture. In all the main production zones,
regulations dictate minimum spacing between sites
and maximum holding capacities for fish at each
site. Norway operates a system where aquaculture
companies acquire marine sites and hold them in

perpetuity rather than paying a significant annual
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license fee. In recent years, new sites have been
auctioned, generating significant revenue for the
state.® However, most sites were bought many years
ago at relatively low prices. If there was a competitive
annual licensing system, the license fee might be
expected to reflect what the companies are willing to
pay for the use of a limited resource and this could
be considered as a proxy for the value of ecosystem
services. However, an annual licensing system is not
practical because salmon farming companies need
long-term tenure of their sites as each year-class of

fish takes several years to grow.

The effective cap on production may be disrupted
in the future by the development of new, offshore
sites or closed containment floating systems, while
significant investment has also been directed
land-based,

systems for salmon across the world. However, these

towards recirculation aquaculture
new systems are still at the development or early
production stage and, so far, have struggled because
they have higher operating costs and are more prone
to catastrophic failure than conventional, cage-based
systems (Ahmed and Turchini 2021). Until now, the
major salmon farming companies have had limited
interest in developing recirculation aquaculture
systems for grow-out of salmon, although most
operate recirculation-based smolt systems. It will be
interesting to see whether this changes following the

new tax on cage-based salmon production in Norway.

2.2 CASESTUDY 2:
TILAPIA AQUACULTURE
IN EGYPT

2.2.1 Background

Global tilapia production has grown rapidly over
the last two decades, increasing from just over 1

million tonnes in 2000 to over 6 million tonnes in

2020 (Figure 2.3). The leading tilapia-producing
countries are China, Indonesia, and Egypt. Nile
tilapia (Oreochromis niloticus), which is indigenous
to North, West, and Central Africa, is the most
widely grown tilapia species. Various domesticated
strains of Nile tilapia have been developed from the
wild strains, such as the faster-growing genetically
improved farmed tilapia (GIFT) strain. Tilapia
aquaculture has become popular because they are
relatively easy fish to breed and can be grown in a
wide range of systems, from extensive ponds where
most of the nutrition comes from natural food to

highly intensive tanks and cages.

Tilapia need warm temperatures (25-30°C) to thrive
and will stop feeding and die if water temperatures
fall below 15°C, which means they grow best in
lowland areas of the tropics. They are a freshwater
fish, although they can also be grown in brackish
water (up to half-strength seawater) and most
strains can adapt to full-strength seawater if they
go through a period of acclimatization. One of the
key technological steps has been the development
of all-male tilapia production, which is usually
achieved by adding a hormone to feed for the early
juvenile stage fish (fry), while genetic all-male
tilapia techniques have also been developed. Male
tilapia have faster growth rates than females and
mixed-sex populations result in large size variation
due to early maturation, as well as both males and
females wasting energy on reproduction rather
than growth. This is a particular problem in ponds,
where males have sufficient space to establish

territories and construct nests.

Egypt is considered the home of Nile tilapia and
the species is clearly depicted in Pharaonic wall
paintings and engravings. Most of the fish grown
in Egypt comes from pond-based aquaculture of

tilapia and mullet by at least 4,000 small farms

6 https//wwwfishfarmermagazine.com/news/norway-salmon-permit-auction-falls-nok-4bn-short-of-target/
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(with an average size of about 10 hectares (ha)).
These farms are located in designated aquaculture
zones on the margins of shallow lakes that receive
water from Egyptian irrigation systems before
discharge to the sea (Rossignoli et al. 2023). Until
recently, aquaculture development was not allowed
in areas designated for agriculture, while the only
permitted water sources for aquaculture were
irrigation drainage canals or lakes. The proportion
of tilapia to mullet varies according to farm
location, as well as the cost and availability of mullet
juveniles, which are sourced from the wild. Mullet
usually makes up around one-tenth of the fish that
are stocked. Other species of fish are grown in Egypt
in smaller quantities, including African catfish and
carps (Dickson et al. 2016).

Egyptian fish farms produce about 80 percent of

the 2 million tonnes of the fish harvested in the
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country, while an additional 0.3 million tonnes of
fish are imported, making aquaculture an extremely
important source of food security and nutrition for
the country (Tran et al. 2022).

Most of the farmers rent land from the Lakes and
Fish Resources Protection and Development Agency
(until 2021, this responsibility was held by General
Authority for Fisheries Resources Development
(GAFRD)) within designated aquaculture zones.
Other aspects of the industry, including the supply
of feed and seed and the transport and marketing of
the fish, are operated by private businesses. Total
aquaculture production in Egypt grew from just
71,000 tonnes in 1995 to about 1.6 million tonnes
in 2020. Within this, tilapia production grew from
21,000 tonnes to about 1 million tonnes, while
mullet production grew from 14,000 tonnes to 0.3

million tonnes over the same period.

FIGURE 2.3: GLOBAL TILAPIA PRODUCTION, 1995-2020
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2.2.2 Resource Rent Estimates

The resource rent estimates for Egyptian tilapia
and mullet polyculture systems from 2015 to 2020
are shown in Table 2.2 and from 2010 to 2020, along
with sales values in Figure 2.4. These are based on
production value information from FAO (2023a) and
estimates of operating and capital costs provided by
WorldFish Egypt, research studies, and the GAFRD
yearbook. In addition to seed, feed, power, and
labor costs, annual pond maintenance costs were
estimated at $960/ha to account for work carried out
at the end of each season to remove accumulated
sediments and reshape the pond banks. Pond

construction costs were estimated at $4,800/ha, with

most of the construction taking place in the 1990s and
early 2000s, which coincided with rapid increases in
production. Capital costs were depreciated over 25
years. Pond construction is the main capital cost as
fish farmers have very few other physical assets.

This analysis shows that Egyptian tilapia and mullet
aquaculture generates significant wealth, estimated
at about $500 million/year over the last five years.
However, this is based only on tilapia/mullet
polyculture in the main aquaculture zones and does
not include carp culture or marine aquaculture,
both of which have very different operating cost
structures and take place in areas outside the main

aquaculture zones.

TJABLE 2.2: RESOURCE RENT ESTIMATES FOR EGYPTIAN TILAPIA AND MULLET AQUACULTURE, 2015-2020

YEAR 2015 2016 2017 2018 2019 2020
Production (t) 1,032,692 1,094,085 1,177,514 1,293,515 1,325,176 1,271,961
Output ($ x1,000) 1,770,824 1,766,887 1,399,625 1,594,573 2,166,549 2,135,846
Intermediate consumption (-) 1,219,905 1,075,411 814,071 1,006,565 1,298,042 1,339,901
Seed ($ x 1,000) 131,923 46,864 105,740 110,412 188,794 187,827
Feed ($ x 1,000) 920,903 873,080 544,011 706,203 915,200 958,284
Fuel & transport ($ x 1,000) 51,879 40,267 49,119 74,750 78,848 78,591
Pond maintenance ($ x 1,000) 115,200 115,200 115,200 115,200 115,200 115,200
VALUE ADDED (=) ($ x 1,000) 550,919 691,476 585,554 588,008 868,507 795,945
Compensation of employees (-) 207,487 202,783 128,516 146,305 174,062 189,614
GROSS OPERATING SURPLUS 343,432 488,693 457,039 441,703 694,445 606,330
Depreciation (-) 23,040 23,040 23,040 23,040 23,040 19,200
Return on fixed assets (-) 10,253 9,331 8,410 7,488 6,566 5,645
RESOURCE RENT ($ x 1,000) 310,140 456,322 425,589 411,175 664,839 581,486

Source: GAFRD yearbooks and WorldFish research reports.

Note: Nominal values are reported at prevailing exchange rates in $ thousand per year.
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FIGURE 2.4: EGYPTIAN TILAPIA/MULLET AQUACULTURE RESOURCE RENT AND SALES VALUES, 2010-2020
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Sources: FAO 2023a and A. Nasr-Allah, WorldFish Egypt (pers. comm.).
Note: Nominal values are reported at prevailing exchange rates in $ million per year.

The main operating cost for Egyptian fish farmers
is feed, while labor and seed costs are relatively
low. Most fish farms are family-owned/operated,
informal businesses that depend on credit from
feed companies and wholesalers to cover their
annual operating costs. There has been significant
investment in the feed sector and feed companies
must supply feed on credit terms to secure sales,
while additional credit is usually provided by
wholesalers who collect the fish from the farms and
distribute it throughout the country. Wholesalers
recover their own credit and credit advanced by the
feed companies when they sell the fish from each

farmer at the end of the growing season.

The low levels of resource rent from 2011 to 2014
coincided with a period of social unrest in Egypt and
economic uncertainty with fluctuating exchange
rates and shortages of foreign currency, restricting

imports such as soya, an essential ingredient in
aquaculture feeds. In addition, restrictions on
construction of new ponds outside designated
zones were not enforced in 2012 and 2013. The dip
in production value from 2016 to 2017 was due to a
rapid fall in the value of the Egyptian pound against
the US dollar.

Estimation of aquaculture resource rents in Egypt
highlights the challenge posed by data collection
from large numbers of smallholder farmers. Most
small-scale fish farmers do not keep accurate records
and are not required to report production data to
regulatory authorities. Total aquaculture production
is estimated in Egypt by a committee that makes
assumptions about average productivity levels across
the main fish farming areas, supported by detailed
research on individual farms or groups of farms and
scaled up by the total area under culture.
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The ecosystem services contributions towards
Egyptian pond-based fish farming are the supply of
water from irrigation drainage canals and available
land where ponds have been developed. However,
the profitability of these farms is determined by the
margins passed back to the farmers by wholesalers
who act as the price setters and credit agents in the
market system. Although Egypt appears to show
positive resource rent estimates overall, individual
fish farmers face significant financial pressures due
to rising feed prices and a lack of control over market

prices, as well as losses to disease.

An alternative asset valuation method to resource
rent would be to use rental costs as a proxy for the
asset value. In a free market, rentals should reflect
the value of the ecosystem asset to the user. In Egypt,
fish farmers currently pay a land rental charge of
about $1,440/ha/year to government for use of the
land where they grow their fish. With a total pond
area of about 120,000 ha this amounts to $173 million
per year, compared to resource rent estimates of

about $0.5 billion per year.

2.3 CASESTUDY 3:
POND-BASED SHRIMP
AQUACULTURE IN ECUADOR

2.3.1 Background

Ecuador has played a major role in the global success
of saltwater, pond-based shrimp aquaculture. Boom-
and-bust cycles dominated the early years of shrimp
farming in most countries: significant profits could
be made in some years because of high market
values and relatively low production costs, but
these were interspersed with years when most of
the stocks were lost to disease (You and Hedgecock
2019). Shrimp broodstock and juvenile shrimp were
sourced from the wild, transferring disease-causing

organisms into culture ponds that resulted in high

mortalities when the shrimp became stressed due to

poor water quality and crowded conditions.

Ecuador pioneered the use of disease-free juveniles
(post-larvae) sourced from biosecure hatcheries. This
was made possible by switching to the whiteleg shrimp
(Penaeus vannamei), which can be bred more easily
in captivity than other species such as tiger prawn (P,
monodon) and Indian prawn (P. indicus). As a result,
farmers could stop sourcing broodstock and post-
larvae from the wild and close the cycle to produce
specific pathogen-free post-larvae. The use of captive
rather than wild breeding stock also meant that the
genetics of the shrimp could be improved through

selection programs (Cock, Salazar, and Rye 2017).

The other key step was to reduce the risk of
contamination by pathogens during grow-out by
minimizing water flow through the ponds, topping
up ponds with freshwater or very low-salinity water
rather than full strength seawater, and sterilizing
water before adding it to the ponds. This necessitated
investment in additional infrastructure such as
pumps and aeration systems. In many cases, this
meant that farms could be built further away from

the coast, avoiding sensitive mangrove areas.

These strategies transformed the shrimp industry
into a much more predictable sector, and global
production has grown rapidly, as illustrated in Figure
8. Although disease outbreaks persist in countries
that have not invested in biosecure grow-out systems
or are still using wild-caught broodstock, shrimp
production is less risky than it was 10 years ago.
Market demand has increased, resulting in high
prices and significant profits for shrimp farmers,

processors, and distributors (Asche et al. 2021).

Shrimp production in Ecuador grew from 96,000
tonnes in 1995 to 760,000 tonnes in 2020 (FAO 2023a).
Ecuador has the fifth-largest shrimp aquaculture
industry globally, after China, Vietnam, India, and
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Indonesia, and shrimp is the country’s second-
largest export commodity. Most of the shrimp is
grown in coastal pond-based systems located near
Guayaquil. The industry has gone through a process
of consolidation and optimization. Ecuador has its
own hatcheries and nursery systems, while grow-
out tends to be in large pond systems owned by the
farms. Several vertically integrated shrimp farms

have invested in processing factories. Shrimps have
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a short grow-out period of about three months from

stocking juveniles to harvest.

As illustrated in Figure 2.5, marine shrimp
aquaculture production has grown dramatically over
recent decades. The 2020 global production value
was estimated at almost $40 billion, while Ecuador
produced whiteleg shrimp worth $3.2 billion in 2020
(compared to only $1.1 billion in 2010).

EIGURE 2.5: GLOBAL SHRIMP AQUACULTURE VALUE BY COUNTRY, 1995-2020
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2.3.2 Resource Rent Estimates

Despite the importance of shrimp aquaculture to
Ecuador there appears to be almost no published
data on operating or capital costs for shrimp farms.
The resource rent estimate for shrimp production
in Ecuador (Table 2.3) is based on production
information from FAO (FAO 2023a) and operational

estimates from a consultant (P. Buike, pers. comm.)

. Indonesia

. Ecuador

. Thailand Other

who worked in the Ecuadorian shrimp industry for
many years. Capital costs for shrimp farms were
derived by estimating the area of shrimp farms
developed each year and assuming that overall
construction costs for shrimp farms rose gradually
from $5,000/ha in 1995 to $15,000/ha in 2020. This
was used to calculate depreciation (over 25 years)

and return on fixed assets.
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The estimate shows strongly positive resource rents
being generated by the sector in 2020. Total revenue
was over $3 billion in 2020. With relatively low
feed, seed, labor, and other operating costs and low
capital costs, the estimated resource rent was over
$1.5 billion, equivalent to over $2 per kilogram of
production or $7,500 per hectare of pond area.

The strongly positive 2020 resource rent estimate
builds on the relative stability achieved by the
global shrimp farming industry, and the Ecuadorian
industry in particular, over the last decade.
Investments in biosecurity have transformed the

performance of the industry so that it can supply

TABLE 2.3: RESOURCE RENT ESTIMATE FOR SHRIMP
IN ECUADOR, 2020

YEAR 2020

Production (t) 760,879
Output/revenue ($ x 1,000) 3,233,735
Intermediate consumption/operating 1,212,841
costs (-)

Seed ($ x 1,000) 190,220
Feed ($ x 1,000) 852,184
Fuel and transport ($ x 1,000) 170,437
VALUE ADDED (=) ($ x 1,000) 2,020,894
Compensation of employees (-) 326,040
GROSS OPERATING SURPLUS 1,694,854
Consumption of fixed capital 71,288
(depreciation) (-)

Return on fixed assets (-) 50,955
RESOURCE RENT ($ x 1,000) 1,572,611

Source: FAO 2023a; P. Buike (pers. comm.).
Note: Nominal values are reported at prevailing exchange rates
in $ thousand.

ever-increasing quantities of shrimp to world
markets. The margins being achieved by shrimp
farming companies indicate that they have managed
to control production costs while the global market
remained undersupplied over this period, although
the market situation has deteriorated since then
(Globefish 2023).

Most pond-based shrimp aquaculture systems
are located in coastal areas with shallow sloping
or flat land profiles. In the early days of shrimp
farming the water supply for ponds depended on
tidal exchange, but it is now pumped from shallow
aquifers or pump stations on the shoreline. These
would be classified as transitional ecosystems
under SEEA, and the ecosystem services provided
are water, land, and disposal of wastewater. The
available land area with these characteristics is
limited in Ecuador, although there could be scope
to intensify production systems to match the
productivity levels being achieved in other shrimp

farming countries (Emerenciano et al. 2022).

2.4 CASESTUDY 4:
MARINE AQUACULTURE
SYSTEMS IN JAPAN

2.4.1 Background

Japan is a pioneer of aquaculture systems. The most
productive farms are in marine waters growing
marine finfish including yellowtail (Japanese
amberjack) and sea bream in cage-based systems,
bivalve shellfish such as scallops and oysters in
suspended culture systems, and seaweeds (laver) in

floating long-line systems.

However, as shown in Figure 2.6, the value of
aquaculture production has been fairly static in
recent decades. Production of Pacific bluefin tuna
has grown since 2012, along with eels and scallops,
while the value of yellowtail has dropped from a peak
of almost $1.5 billion in 2011 to $1.1 billion or less in

recent years.
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FIGURE 2.6: JAPAN’S AQUACULTURE PRODUCTION VALUE BY SPECIES, 1995-2020
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2.4.2 Resource Rent Estimates

Japan’s Ministry of Agriculture, Fisheries and
Forestry (MAFF) publishes sample data each year
on the operating costs for each of these subsectors
(MAFF 2022). Although this does not include data on
capital costs, it does include depreciation. In Table
2.4, the resource rent estimates for 2020 include an
estimated return on fixed assets equivalent to half

the value of depreciation.

As shown in Table 2.4, using data from FAO on
production quantity and value and Japanese MAFF
data on operating costs for 2020, it appears that
aquaculture of yellowtail, sea bream, and oysters
results in negative resource rents. However, it

should be noted that there were major discrepancies

between the figures for the aquaculture value of
scallops and oysters from FAO and the figures
calculated from MAFF. Both yellowtail and sea
bream appeared to have very high feed costs
compared to the output values. The figures for
oysters need further investigation as the MAFF data
appears to show unrealistically high output values

compared to FAO data.

Resource rent estimates for scallop culture and
seaweed farming were positive. Both scallops and
seaweed systems have no or very low feed costs and
have relatively low seed costs. In contrast to the
oyster aquaculture statistics, the calculated output
value from MAFF data for scallops was much lower

than the FAO value and requires further scrutiny.
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TJABLE 2.4: RESOURCE RENT ESTIMATES FOR YELLOWTAIL, SEA BREAM, SCALLOPS, OYSTERS,

AND SEAWEED IN JAPAN, 2020

SPECIES YELLOWTAIL | SEABREAM | SCALLOPS OYSTERS SEAWEED
Production (t) (FAO stats) 137,100 62,400 151,000 158,900 288,700
Output/revenue ($ x 1,000) (FAO stats) 1,101,479 512,875 478,547 286,229 1,036,544
Intermediate consumption (-) 1,262,398 565,504 37,292 179,487 142,814
Seed ($ x 1,000) 174,995 63,549 1,332 82,509 8,605
Feed ($ x 1,000) 1,050,362 492,133 - 369 893
Fuel and transport ($ x 1,000) 16,957 5,581 11,871 41,193 69,086
Maintenance ($ x 1,000) 20,085 4,241 24,089 55,416 64,231
2;’2'5'3 dE (’:IDF'ZEDJ::;ﬁ t"vi’lzgg)) -160,919 -52,629 441,255 106,742 893,730
Compensation of employees (-) 40,683 14,630 62,041 422,950 74,014
f:::jse?i\ZZiiml ::efosul:iprlc-el:f) -201,602 -67,259 379,213 -316,209 819,716
(Cd‘;gsr‘;:;’ttl'g:)‘(’f)ﬁxed capital 69,443 19,494 61411 138,726 133,639
Return on fixed assets (-) 34,722 9,747 30,706 69,363 66,819
RESOURCE RENT ($ x 1,000) -305,766 -96,500 287,097 -524,297 619,258

Source: FAO 2023a; MAFF 2022.

Note: Nominal values are reported at prevailing exchange rates in $ thousand.

Extended time-series could be developed for each
farming system with more time for analysis and
further interaction with specialists in the various
aquaculture subsectors. This would be an essential
step toward developing more credible estimates of
Japanese aquaculture resource rent. However, this
initial analysis highlights the variable performance
of differentaquaculture systemsin the same country.

Although Japan has a long history of aquaculture

development, the trends in overall production value
indicate that some systems have static or declining
production, while others continue to expand (FAO
2023a). It may be coincidental, but yellowtail, sea
bream, and oyster production values appear to be
stagnating or have fallen in recent years. They are
also the systems with negative resource rents, while
scallop and seaweed culture are expanding and had

positive resource rents.
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Although Japan has a significant aquaculture
industry, total production has contracted from 1.15
million tonnes in 2010 to less than 1 million tonnes
in 2019 and 2020 (Loew 2021). The contraction
in Japanese marine finfish production over the
last decade could be because of environmental
restrictions or lack of available sites. However, if
that were the case, restricted supplies might resultin
higher market prices, higher profits, and increased
resource rents. The lack of profitability was more
likely due to market constraints and the high cost of
feedsleadingto reduced domestic production. Japan
imports about 40 percent of its seafood, making it
the third-largest global importer (Ganapathiraju,
Pitcher, and Mantha 2019). This means domestic
producers face market competition, while Japanese
companies have invested in aquaculture production
in other countries (Loew 2023).

2.5 CASESTUDY 5:
CARP, TILAPIA, AND
PANGASIUS AQUACULTURE
IN BANGLADESH

2.5.1 Background

Bangladesh is a low-lying country where several of
the major South Asian rivers meet before discharging
their water into the sea. Large areas of the country
flood during and after the monsoon season each
year. Rural populations have developed farming
systems that account for fluctuating water levels.
For example, they plant rice varieties adapted to
the prevailing water depths, while inland fishers
depend on the floods to provide fish fingerlings for
water bodies that can be harvested when water levels
recede in the dry season.

Fish farming started in extensive, culture-based
fisheries using enclosed water bodies such as oxbow
and seasonal lakes. Methods were developed to
spawn some of the common indigenous species, such
as rohu, catla, and mrigal carp in hatcheries, along
with imported species including common carp, silver
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carp, and grass carp. The productivity of these water
bodies was boosted by stocking hatchery-produced

fingerlings, adding to the naturally occurring fish.

Bangladesh’s countryside also has many multiuse
ponds, which are used for washing and sanitation as
well as watering and cleaning livestock. These ponds
resulted from the excavation of clay to allow houses
and infrastructure such as roads to be built above
normal flood levels. The ponds provided an easy
resource for the development of aquaculture using
simple methods such as pond fertilization and use of
supplementary feeds.

As fish farming became more popular, rice paddies
were adapted to form dedicated fish ponds, while
shrimp farms were established in coastal areas
and freshwater prawn ghers (integrated rice-prawn
farms) were developed in south-west Bangladesh.
Additional species were introduced, including tilapia
and striped catfish (pangasius). The process has
continued with many other species such as stinging
catfish, climbing perch, and snakefish being farmed
in Bangladesh.

Demand from urban markets has driven the rapid
growth of aquaculture in Bangladesh, as illustrated in
Figure 2.7. Aquaculture production expanded rapidly
from 2.8 million tonnes in 2010 to 6.3 million tonnes
in 2020 through the intensification of production
systems and the conversion of agricultural land into
aquaculture ponds (FAO 2023a; Hasan et al. 2021).

Figure 2.7 also shows the rise, and occasional fall,
of new species, depending on the profitability of
the farming system. For example, tilapia farming
has expanded in the last decade as a relatively low-
cost farming system with low market prices. Striped
catfish farming grew rapidly but has dropped in
recent years because it requires more investment
in feeds and overproduction has resulted in low
domestic market prices. The sustained growth of
Indian major carp farming (rohu, catla, mrigal) is
probably due to market preference for local species
and improved availability of high-quality fingerlings.
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EIGURE 2.7: BANGLADESH’S AQUACULTURE PRODUCTION VALUE BY SPECIES, 1995-2020
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Note: Nominal values are reported at prevailing exchange rates in $ thousand per year.

2.5.2 Resource Rent Estimates

Two recent research papers focus on the economics
of carp polyculture (rohu, mrigal, catla, silver carp,
and common carp) in 2019, as well as tilapia culture
and pangasius catfish culture in 2017 (Hossain et
al. 2022; Saha et al. 2022). Both papers analyze data
from farms that are considered either profitable or
unprofitable. Table 2.5 uses figures based on the
average between the two classes of farms, scaled
up to the total area of the country covered by these
farming practices. The data on pangasius and tilapia
translated more easily into the resource rent template
as it included land rental costs and depreciation.
Information on capital costs for farm development

over time was missing and prevented estimation of

the opportunity cost of capital employed. However,
an estimated amount equivalent to the depreciation
cost was included to account for return on fixed
capital. The land rental costs for carp were estimated
as twice the amount for pangasius because the total
production of carp was twice that for pangasius, and
a similar assumption was made for depreciation and
return on fixed assets.

Assuming that the performance of the sampled
farms is representative of the national situation, it
appears that all three aquaculture systems generate
positive resource rents. Carp aquaculture generated
resource rent of about $785 million in 2019, while the
resource rents were $300 million for pangasius and
$129 million for tilapia in 2017.
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TABLE 2.5: RESOURCE RENT ESTIMATES FOR CARP POLYCULTURE, AND PANGASIUS AND TILAPIA
AQUACULTURE IN BANGLADESH, 2019 AND 2017

SPECIES (YEAR) CARP (2019) PANGASIUS (2017) TILAPIA (2017)
Production (t) 1,028,716 499,815 334,513
Output/revenue ($ x 1,000) 2,366,730 807,781 603,007
Intermediate consumption/operating costs (-) 1,411,565 443,681 412,490
Seed ($ x 1,000) 211,992 45,936 51,740
Feed ($ x 1,000) 1,058,281 358,767 298,833
Fuel and transport ($ x 1,000) 101,293 18,353 39,887
Private land rental ($ x 1,000) 40,000 20,625 22,030
VALUE ADDED (=) ($ x 1,000) 955,165 384,725 190,517
Compensation of employees (-) 145,719 52,488 47,062
GROSS OPERATING SURPLUS 809,446 332,237 143,455
Consumption of fixed capital (depreciation) (-) 12,000 6,024 7,017
Return on fixed assets (-) 12,000 6,000 6,000
RESOURCE RENT ($ x 1,000) 785,446 299,588 129,438

Sources: FAO 2023a; Hossain et al. 2022; Saha et al. 2022.

Note: Nominal values are reported at prevailing exchange rates in $ thousand per year.

The resource rent calculations extrapolated from
these research studies appear to fit with the national
trend of large-scale investment in carp, tilapia,
and pangasius farming. It would be better to have
time series for each system rather than single year
estimates. It would also be useful to have estimates
for capital investments, although many aquaculture
enterprises in Bangladesh use ponds that have been
in existence for several decades.

Land formerly used for rice cultivation has been
converted into fish farms as farmers can generate
higher incomes from aquaculture than agriculture.
Fish farmers are also quick to switch between

species. Both pangasius and tilapia are relatively

new additions to Bangladeshi fish farms—in fact,
tilapia was classified as an invasive species until
about 20 years ago. The driving forces behind these
switches are the development of new farming
systems and support services (fingerlings, feeds,
markets) for those systems, as well as profitability,
whether this is to supply local, urban, or export
markets (Hernandez et al. 2018).

However, this analysis should be regarded as
tentative as it is based on relatively small research
studies that have been scaled up to represent the
national situation rather than being based on a

sound national reporting framework.
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2.6 CASESTUDY é:
FRESHWATER AND MARINE
AQUACULTURE IN INDONESIA

2.6.1 Background

Indonesia has the second-largest aquaculture
production industry in the world. It has a diverse
range of aquaculture systems growing freshwater,
marine, and brackish-water species. The country
has an estimated 6.5 million ponds, growing finfish
and shrimp. Freshwater finfish are also grown in
cages in rivers, canals, and lakes, as well as in rice-

fish integrated systems, while marine finfish and

seaweeds are grown in coastal zones. The highest
production value comes from marine shrimp (2.
monodon and P. vannamei), followed by tilapia
and Eucheuma seaweeds (Figure 2.8). Indonesian
shrimp farms have a range of different production
strategies, from extensive systems producing
around 200 kilograms/ha/cycle to intensive systems
producing over 13 tonnes/ha/cycle. Shrimp farms
have been criticized for ecological degradation due
to the large areas needed and their competition with
mangrove forests in coastal areas (Hendriksson
et al. 2019). As shown in Figure 2.8, the value of
Indonesia’s aquaculture production grew rapidly
until 2018 but has plateaued since then.

EIGURE 2.8: INDONESIA'S AQUACULTURE VALUE, 1995-2020
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2.6.2 Resource Rent Estimates

The resource rent estimates in Table 2.6 for shrimp,
tilapia, carp, milkfish, and pangasius were derived
from data supplied by a consultant (R. Tan, pers.
comm.) in June 2023 based on discussions with
individual producers and industry experts. The data
covers figures for 2022 and 2020 FAO Fishstat figures

for production volume and value.

The figures need to be cross-checked and do not

RESULTS e

include estimates for depreciation or returns on
fixed assets. The labor costs—based on number
of employees and wage rates, as outlined by the
consultant—appeared to be excessive and were
adjusted to percentages of overall costs. The
resource rent estimates appear to indicate positive
resource rents for shrimp and milkfish, very low
resource rent for carp, and negative resource rents
for tilapia and pangasius if depreciation and returns

on fixed assets are included.

TABLE 2.6: RESOURCE RENT ESTIMATES FOR SHRIMP, TILAPIA, CARP, MILKFISH, AND PANGASIUS IN INDONESIA, 2022

SHRIMP TILAPIA CARP MILKFISH PANGASIUS
Production (t) 696,570 1,172,633 559,894 811,857 325,983
Area (ha) 300,000 290,000 400,000 250,000 250,000
Output/revenue ($ x 1,000) 2,902,364 1,904,671 1,042,596 1,039,631 404,823
Intermediate consumption (-) 1,665,963 1,670,009 825,484 725,259 371,196
Seed ($ x 1,000) 440,000 270,667 213,333 33,333 30,000
Feed ($ x 1,000) 1,086,649 1,321,167 574,825 649,486 310,770
Fuel and transport ($ x 1,000) 139,314 78,176 37,326 75,773 30,425
Land use cost (land rental)
VALUE ADDED ($ x 1,000) 1,236,401 234,662 217,112 314,372 33,627
Compensation of employees (-) 226,571 227,121 112,266 98,635 50,483
GROSS OPERATING SURPLUS 1,009,830 7,541 104,846 215,737 -16,855
Consumption of fixed capital (-)
Return on fixed assets (-)
RESOURCE RENT ($ x 1,000) 1,009,830 7,541 104,846 215,737 -16,855

Source: FAO 2023a; Hossain et al. 2022; Saha et al. 2022.

Note: Nominal values are reported at prevailing exchange rates in $ thousand per year.

It is difficult to draw any firm conclusions from this
set of data as the figures need to be verified. However,
it demonstrates that it should be possible to develop
resource rent estimates for the largest aquaculture-
producing countries pursuing a complex range of
aquaculture production strategies as long as the key
data points have been identified. For most species or

systemsthese will be feed, seed, and labor costs. Fixed
costs will often be more complicated as different
production systems have different cost structures.
For example, Indonesia has both pond-based and
cage-based tilapia farms. Pond-based farms will cost
more to build but depreciate more slowly.
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Conclusions

3.1 ESTIMATING WEALTH
GENERATION BY
AQUACULTURE

This study aimed to estimate wealth generation
by aquaculture using data from pilot countries. A
resource rent (residual value) approach was used,
which, allowing for gaps in the available data, was
applicable across a range of aquaculture systems,
species groups, and countries, confirming that the
approach could be used to estimate wealth creation
by the global aquaculture industry. This approach
is based on simple metrics for each system: the
value of production, operating costs (including feed,
seed, power, maintenance, and labor), and capital
costs. To be consistent with CWON approaches
used for other types of natural capital, data should
cover a 25-year period, although this may not be
possible for emerging industries. Resource rent
estimates derived for separate aquaculture systems
in a particular country can be pooled to provide an
overall resource rent estimate for that country. A
net present value calculation was used to convert
resource rent estimates into asset value, which at a
4 percent discount rate for 100 years (the presumed
asset life), means that a resource rent of $100 has an

equivalent asset value of $25,000.

3.2 EXTRAPOLATING RESULTS
FROM PILOT COUNTRIES

It was anticipated that it might be possible to
extrapolate pilot country estimates for particular

species and systems to a global scale. For example,

resource rent per tonne of production from
salmonid farming in Norway might be sufficiently
similar to the resource rent per tonne from salmon
farms in Chile, the United Kingdom, Canada,
and Australia as they have similar operating and
capital costs, while salmon is sold as a commodity
in global markets. If the resource rent per tonne of
production (estimated at $1,365/tonne for Norway)
was the same across other countries, the 3.7 million
tonnes produced by the global salmon industry
in 2020 would generate resource rent of about $5
billion, equivalent to an asset value of $125 billion.
Similarly, if the resource rent value from whiteleg
shrimp aquaculture in Ecuador ($2,067/tonne) was
extrapolated to a global scale (6.5 million tonnes), it
would be the equivalent of $13.4 billion in resource

rent ($335 billion asset value).

Table 3.1 summarizes the resource rent estimates
from this study, with resource rents expressed in
terms of value per tonne of production ($/tonne).
However, in reality these figures do not support
an approach based on extrapolation of estimates
from pilot countries. For example, resource rents
generated by shrimp production in Ecuador
were much higher than the equivalent figures in
Indonesia. Similar variations in resource rents were
apparent between tilapia aquaculture systems in
Egypt, Bangladesh, and Indonesia, suggesting that
location is an important factor. Each country will
have specific costs for feeds, seed, energy, labor,
site rental, and maintenance costs, while most
aquaculture production is sold locally, so revenue

will vary according to local market conditions.
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TABLE 3.1: SUMMARY OF RESOURCE RENT ESTIMATES FOR PILOT COUNTRIES

CONCLUSIONS o

PRODUCTION TOTAL RESOURCE | RESOURCE RENT
(GO SEECES (T/YR) RENT ($ X 1,000) INTENSITY ($/T)
Norway (2020) Salmon and trout 1,447,697 2,026,717 1,365
Ecuador (2020) Whiteleg shrimp 760,879 1,572,611 2,067
Egypt (2020) Tilapia (and mullet) | 1,272,961 581,486 457
Yellowtail 137,100 -305,766 -2,230
Sea bream 62,400 -96,500 -1,546
Japan (2020) Scallop 151,000 287,097 1,901
Oyster 158,900 -524,297 -3,300
Seaweed (Nori) 288,700 619,258 2,145
Carp 1,028,716 785,446 764
Bangladesh (2017 and 2019) Pangasius 499,815 299,588 599
Tilapia 334,513 129,438 387
Whiteleg shrimp 696,570 1,009,830 1,450
Tilapia 1,172,633 7,541 6
Indonesia (2022) Carp 559,894 104,846 187
Milkfish 811,857 215,737 219
Pangasius 325,983 -16,855 -52

Note: Nominal values are reported at prevailing exchange rates in $ thousand per year.

3.3 DEVELOPING ESTIMATES
FOR COUNTRY AND SPECIES
COMBINATIONS

Another approach would be to develop resource rent
estimates for each country and species combination.
Table 3.2 lists all the country/species combinations
worth over $1 billion in 2020 (FAO 2023a). These 60
combinations represent about 75 percent of global
aquaculture value. It may be possible to consolidate
some of the records, such as amalgamating
production of several carp species that are grown in
polyculture systems, while others may already have

been captured in agriculture estimates, such as red

7 Nei: Not elsewhere included. of a multispecies grouping of related fish

swamp crawfish grown in Chinese rice paddies, and
some may be impossible to estimate, such as resource
rents from broad categories like freshwater fishes
nei’ or marine fishes nei. It may also be necessary
to develop more than one estimate for a country/
species when different systems with different cost
structures are used, such as tilapia farmed in ponds
and cages. Aquaculture systems in China make up
36 of the 60 combinations, while the other countries
in the top 60 list are Norway, India, Chile, Vietnam,
Ecuador, Indonesia, Thailand, Egypt, Japan, the
United Kingdom, and Bangladesh.
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TABLE 3.2: GLOBAL COUNTRY AND SPECIES COMBINATIONS WORTH MORE THAN $1 BILLION IN 2020

VALUE IN 2010

VALUE IN 2015

VALUE IN 2020

COUNTRY SPECIES ($ X 1,000) ($ X 1,000) ($ X 1,000)
China Red swamp crawfish 3,216,278 5,630,496 20,794,063
China Whiteleg shrimp 6,470,979 11,839,282 14,392,378
China Grass carp 6,382,460 11,699,713 12,807,920
China Chinese mitten crab 4,953,577 9,372,067 9,855,317
China Silver carp 5,453,295 8,975,671 8,765,855
China Bighead carp 3,917,492 7,034,158 7,312,383
Norway Atlantic salmon 4,717,758 5,510,660 6,868,978
China Japanese carpet shell 3,801,861 6,160,103 6,849,462
China Mandarin fish 2,821,535 4,538,768 6,404,992
China Common carp 3,472,369 6,259,994 6,025,072
China Cupped oysters nei 2,594,862 4,656,554 5,842,329
China [Carassius spp] 2,898,868 5,191,215 5,466,804
Chile Atlantic salmon 956,288 3,772,985 4,825,113
India Catla 4,142,121 3,450,003 4,789,535
China Scallops nei 2,412,172 4,376,095 4,524,503
India Whiteleg shrimp - 2,109,254 4,467,849
China Japanese kelp 2,237,537 3,695,626 4,398,866
Vietnam Whiteleg shrimp 397,140 1,357,957 3,804,783
China Nile tilapia 1,785,623 3,252,260 3,376,635
Ecuador Whiteleg shrimp 1,105,399 2,216,500 3,233,736
China Chinese softshell turtle 1,654,380 2,899,692 3,150,206
China Black carp 1,180,369 2,262,030 2,940,648
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COUNTRY

SPECIES

VALUE IN 2010

VALUE IN 2015

CONCLUSIONS o

VALUE IN 2020

($ X 1,000) ($ X 1,000) ($ X 1,000)
Indonesia Whiteleg shrimp 883,517 1,533,929 2,902,365
Vietnam Giant tiger prawn 1,062,835 2,281,773 2,675,548
China Wuchang bream 1,291,067 2,150,821 2,353,810
India Roho labeo 433,219 1,463,806 2,054,621
China Marine fishes nei 547,512 1,584,780 2,042,328
China Gracilaria seaweeds 408,594 1,498,225 2,025,629
China Oriental river prawn 1,288,412 2,063,618 1,987,282
Indonesia Nile tilapia 714,111 1,619,610 1,904,672
China Wakame 605,803 1,528,568 1,892,818
Vietnam Striped catfish 2,449,910 2,165,540 1,805,812
Thailand Whiteleg shrimp 1,956,228 1,292,376 1,766,981
China Largemouth black bass 347,982 900,810 1,763,771
China Abalones nei 317,151 1,027,162 1,726,774
Indonesia Eucheuma seaweeds 1,103,549 755,232 1,640,851
India Freshwater fishes nei 331,745 1,083,149 1,568,493
Chile Chilean mussel 460,766 1,711,397 1,544,505
China Freshwater fishes nei 916,658 1,651,185 1,496,197
China Asian swamp eel 854,662 1,569,198 1,463,351
China Constricted tagelus 775,840 1,233,124 1,412,555
China Giant river prawn 714,897 1,007,846 1,406,321
China Nori nei 596,308 683,700 1,354,310
China Yellow catfish 287,456 756,456 1,341,311
Egypt Nile tilapia 809,523 1,365,987 1,332,011
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counTRy speciEs VIR | IGE | VD
China Frogs 498,442 735,062 1,306,989
China Japanese eel 702,721 1,042,555 1,253,700
China Japanese sea cucumber 545,649 1,232,566 1,244,840
United Kingdom Atlantic salmon 683,624 973,687 1,194,649
Indonesia Torpedo-shaped catfish 297,022 1,074,908 1,190,567
China Pompano 397,920 792,990 1,168,000
China Blue-Nile tilapia, hybrid 595,184 1,084,203 1,126,080
China Snakehead 551,017 989,079 1,115,437
Japan Japanese amberjack 1,340,057 992,300 1,104,781
Vietnam Freshwater fishes nei 545,956 839,557 1,075,873
Indonesia Common carp 484,353 860,955 1,042,596
Indonesia Milkfish 527,583 770,552 1,039,632
Japan Laver (Nori) 971,966 702,894 1,039,043
Bangladesh Roho labeo 584,230 731,854 1,027,505
Chile Coho (=Silver) salmon 637,041 596,975 1,003,226
Other country/species combinations 45,197,631 55,014,025 69,281,482

Source: FAO 2023a.

As shown in Table 3.2, most of the 60 country/
species production systems have increased in
value over the last 10 years, indicating that their
profitability has led to investment. Based on the
pilot study, these expanding subsectors are likely

to have positive resource rent values. In contrast,

declining production values probably mean farmers
are leaving the sector or reducing production (for
example, yellowtail/amberjack in Japan) and the
subsector is likely to have negative or very low

resource rent values.
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3.4 THE LIKELY SCALE OF GLOBAL
AQUACULTURE ASSET VALUES

Although direct extrapolation of results from the
pilot studies is not possible, they provide indications
of expected levels of resource rent. Assuming that
the top 60 country and species combinations shown
in Table 8 have conservative average resource rent
values of $1,000/tonne for salmon, mandarin fish,
and shrimp/prawns/mitten crabs; $200/tonne for
low-value finfish; and zero value for red swamp
crawfish, Japanese yellowtail, bivalve shellfish,
seaweeds, turtles, frogs, and undefined species
(marine fishes nei and freshwater fishes nei), the
total annual resource rent from these would be
over $16 billion. Adding in the other 25 percent
of aquaculture production value might bring total
annual resource rent for global aquaculture to $20
billion. At a 4 percent discount rate, this is equivalent
to an asset value of $500 billion, which is four times
more valuable than the value of marine fish stocks as
currently included in CWON.

Using less conservative estimates of aquaculture
resource rents (but still within the range of estimates
from the pilot study), total resource rents could be as
high as $55 billion, equivalent to a total asset value
of over $1,300 billion. This means that aquaculture
development is already making a significant impact on
the natural asset value of many countries and has the

potential to have even greater impacts in the future.

A more detailed analysis of resource rents and asset
values could provide valuable insights into the factors
that are likely to result in significant resource rents
and asset values. However, policies that encourage
sustainable production growth and improved access
to markets are likely to be important. For example,
both the salmon and shrimp sectors have evolved into
relatively stable industries after periods of volatility.
Stability leads to investment in technologies such
as genetic improvement and improved feeds that
increase efficiency while markets also have a chance

CONCLUSIONS o

to grow, and this has resulted in positive valuations

for ecosystem assets.

3.5 NEXT STEPS

The main constraint faced by this study was a lack of
data. There are no global databases covering operating
costs for aquaculture, and economic research studies
on aquaculture production systems are lacking in
most countries. This must be addressed through
support for data collection and analysis by national
statisticians, technical specialists, economists, and
regulatory authorities, helping to build a systematic
and integrated data collection system. Such a
community of practice could also provide new insights

into the economics of aquaculture development.

The first step should be to bring together relevant
stakeholders to discuss the significance of ecosystem
assets and their relevance to global aquaculture.
Gathering and analyzing data from the 12 largest
aquaculture-producing countries would cover at least
75 percent of the value of global aquaculture. Such a
meeting could be followed up by the establishment of
working groups to agree on the methodologies to be
used in resource rent assessments in each country,
consistent with the internationally accepted statistical
standards and guidelines of the SNA and SEEA. This
may be challenging in many countries, particularly

where production involves thousands of small farms.

Although based on incomplete data, this study has
shown that aquaculture is already an important and
rapidly growing ecosystem-based asset. Gaining
greater understanding of the relationship between
the economic performance of aquaculture businesses
and aquatic ecosystem assets will allow national
administrations to design policy instruments
focused on efficient and sustainable development
of the sector. This will help to secure employment,
economic opportunity, and nutrition, while
maintaining or enhancing aquatic environments for

future generations.
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