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Main Messages

• Overall blue natural capital based on mangroves and marine capture fisheries was 
less than 1 percent of global wealth in 2018, but these resources are a critical com-
ponent of wealth for some countries.1

• As a share of total wealth, blue natural capital fell by half from 1995 to 2018. 
While the value of fisheries fell, largely because of overfishing, the value of man-
grove flood protection grew, largely because of the substantial increase in coastal 
flood risk. 

• With fewer healthy fish stocks and expanding fishing capacity, fishing costs rose 
and financial rents plummeted, in many cases to close to zero. If financial rents are 
further adjusted for capacity-enhancing subsidies, only 21 of 110 countries had 
fisheries that generated positive rents and contributed to national wealth in 2018. 
Scenario analysis indicates increased vulnerability of fisheries to the potential 
impacts of climate change, especially in Sub-Saharan Africa. 

• Mangroves grew in value, even as their coverage fell by 4 percent, because coastal 
development increased the population and value of assets that mangroves protect 
from flooding. The future value of mangroves through 2050 is likely to be driven 
strongly by changes in coastal development. After 2050, climate change will likely 
play a more dominant role. 

• With management reform, fisheries are capable of generating substantial rents 
without the subsidies that act as a fiscal drag on the economy. 
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Introduction

The critical economic, social, and cultural roles played by ocean ecosys-
tems are widely recognized (Duarte et al. 2020), yet these ecosystems are 
deteriorating worldwide (Sumaila et al. 2012) and with them, the capacity 
to support human well-being (Hicks et al. 2019). The threats range from 
climate change (Lam et al. 2020) and overfishing (Srinivasan et al. 2010) 
to land-based threats like plastic waste (Abbott and Sumaila 2019) and 
poorly planned coastal development. Poor communities are especially vul-
nerable because of their high dependence on healthy oceans for food and 
livelihoods (Stuchtey et al. 2020). Part of the solutions for restoring ocean 
ecosystems to health is to value all goods and services provided by ocean 
ecosystems in the national income accounts, including wealth accounts. If 
this is not done, there will be a continuing tendency to undervalue their 
contribution to sustainable economic welfare, and consequently to under-
invest in sustainable marine ecosystems (Beck and Lange 2016; Fenichel 
et al. 2020). 

Bringing the value of blue natural capital into The Changing Wealth 
of Nations (CWON) puts the value of these assets into the broader mac-
roeconomic framework. It shows decision-makers the current status of 
such capital (often degraded and depleted), the threat of inaction under 
climate change, and the potential to greatly increase the contribution of 
blue natural capital to the economy if it is managed sustainably. Blue natu-
ral capital accounts are defined to include all the natural capital assets on 
the coast and in the marine environment.2 They include assets as diverse 
as marine fisheries and mariculture; mangroves, coral reefs, seagrass beds, 
and other nearshore ecosystems; deltas and estuaries; offshore energy; and 
coastal lands used for many purposes. CWON 2021 takes the first step 
toward building global blue natural capital accounts. Expanding work on 
marine fisheries that began in CWON 2018 (De Fontaubert, Sumaila, and 
Lange 2018), CWON 2021 begins with accounts for mangroves and 
fisheries. Other assets will be included in future editions of the CWON as 
data become available. 

The value of mangrove assets is estimated for 62 nations in the CWON 
database covering approximately 700,000 kilometers (km) of tropical and 
subtropical coastlines.3 The asset value of fisheries is estimated for all 
111 coastal countries in the CWON database, although the Sea Around 
Us (SAU) database includes 196 countries.4 Blue natural capital is espe-
cially important for Small Island Developing States, but many are absent 
from the CWON because of the lack of information for other key assets in 
the wealth accounts, notably, produced capital and human capital.

Measuring the Asset Value of Mangroves and Fisheries

The two assets, mangroves and fisheries, are compiled for all CWON 
coastal countries from 1995 to 2018. Mangroves, like other forests, can 
provide multiple services, including coastal protection services, timber and 
nonwood forest products, and carbon storage. The mangrove accounts 
here focus on coastal flood protection; other values are captured in the 
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CWON forest accounts.5 Fisheries accounts are based on catch data from 
the SAU and the fisheries economic data from the Fisheries Economics 
Research Unit (FERU), both based at the University of British Columbia’s 
Institute for the Oceans and Fisheries. This chapter briefly describes the 
methods and data sources. For each asset, technical papers that go into 
much greater detail on the methodology and results are available on the 
CWON website (Beck et al. 2021; Lam and Sumaila 2021).

Asset valuation is based on assumptions about the future generation 
of the economic benefits of mangroves and fisheries. The CWON core 
accounts start with the simple assumption explained in chapter 2, applied 
to all the CWON natural capital accounts, that the benefits continue at 
the same level into the future for 100 years and are discounted by 
4 percent. Alternative scenarios are then considered for the future under 
climate change and potential policy reform that might put countries on a 
path toward more sustainable management of their blue natural capital.

Mangroves 
Mangroves provide coastal protection by reducing flooding and the result-
ing damages to produced capital that would occur from storms if the 
mangroves were absent (figure 6.1). The “avoided damage” valuation 
approach, which is commonly used by economists, uses the cost of 

Source: World Bank 2019. 
Note: The figure shows the key steps and data for estimating the flood protection benefits provided by mangroves. Offshore dynamics: 
oceanographic data are combined to assess offshore sea states. Nearshore dynamics: waves are modified by nearshore hydrodynamics. 
Habitat: effects of mangroves on wave runup are estimated. Impacts: flood heights are extended inland along profiles (every 1 kilometer) 
for 1 in 5-, 10-, 25-, 50-, and 100-year events with and without mangroves. Consequences: the land, people, and built capital damaged 
under the flooded areas are estimated.

FIGURE 6.1 How Mangroves Protect Coastal Assets from Flooding
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damages prevented by mangroves to estimate the value of their coastal 
protection benefits. For the CWON’s mangrove accounts, this value is esti-
mated using a combined set of process-based storm and hydrodynamic 
models,6 which are commonly used by engineers and risk modelers. The 
models identify the area and depth of flooding (1) in scenarios with and 
without mangroves and (2) for five storm frequency events: 1 in 5, 10, 25, 
50, and 100 years,7 driven by local storm data. Flood maps (that is, flood 
extent and depth) are overlaid on produced capital stock and population, 
downscaled to 90 x 90 meters to identify a probabilistic distribution of 
flood damages (risk) and avoided damages (habitat benefits). Direct 
estimates of the value of flood risk and mangrove benefits were made for 
1996, 2010, and 2015, three years with global data on the historical distri-
bution of mangroves, and interpolated between those years to cover the 
CWON period from 1995 to 2018. The data report only mangrove cover; 
additional information that can affect mangroves’ ability to reduce 
flooding, such as the species and age composition, is not yet available. 

For calculating asset value, avoided damage per hectare was treated as 
equivalent to resource rent used to estimate asset value for other natural 
capital. For the core accounts, asset value is based on the value of man-
groves in a given year, assuming a 100-year lifetime and 4 percent discount 
rate. The value under alternative scenarios considers the benefits of partial 
mangrove restoration and the impact of further loss resulting from climate 
change and continued coastal development at the expense of mangroves.

Fisheries
Resource rent is a key concept for wealth accounting and, more broadly, 
fisheries management. It represents the value that the asset—in this case, 
fisheries—contributes to fishing revenue. The revenue generated by fishing 
must cover all the costs: fuel, vessel costs (a “reasonable” return on fixed 
capital invested in fishing), labor, and so forth. Any revenue above 
payments needed for these inputs is considered rent attributable to fisher-
ies. However, if revenue from fishing is not sufficient to cover all the costs, 
then rents are negative. In such cases, the fish stock itself does not contribute 
to revenue and has a zero value in financial terms. Whether rents are 
positive or not depends a great deal on the fisheries management regime.

An earlier World Bank report, The Sunken Billions, made a first attempt 
to measure global rents from marine fisheries and found that massive over-
fishing, supported by subsidies, resulted in substantial forgone rents 
(World Bank and FAO 2009). A more recent update, The Sunken Billions 
Revisited, estimates that forgone rents were US$83 billion in 2012 
(World Bank 2017). These findings are backed by academic studies such as 
Sumaila et al. (2012) and Duarte et al. (2020). The results indicate that in 
many cases the asset value of fisheries, as currently managed, is zero. The 
good news is that if fisheries management is reformed, fisheries are capable 
of generating substantial rents and would not require continued subsidies, 
which can act as a fiscal drag on the economy (Sumaila et al. 2019).

We use the SAU and FERU databases for catch, landed value, costs of 
fishing, and subsidies to estimate fisheries rents and asset values for all 111 
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coastal countries in the CWON database, 1995 to 2018. These databases 
build on Food and Agriculture Organization of the United Nations (FAO) 
data and expand them to include estimates of catch and economic indica-
tors that are not always reported to the FAO, especially by small-scale 
fisheries (figure 6.2). The gap between the SAU and FAO catch databases 
has been closing in recent years as FAO data become more inclusive. The 
SAU and FERU databases are more comprehensive than the FAO data in 
several additional ways that are critical for the CWON: these databases 
(1) disaggregate catch and landed value into four major categories, while 
the FAO reports only total catch; (2) spatialize catch and landed value, 
which is necessary for understanding the impacts of climate change; and 
(3) include the cost of fishing, which is needed to calculate resource rent 
as well as fishing subsidies. The SAU catch data are broken into four 
categories: industrial, artisanal, subsistence, and recreational fisheries at the 
level of species groups. This chapter reports total national catch; detailed 
spatialized information by type of fishing and at the species level can be 
obtained from Lam and Sumaila (2021) and the SAU website. 

Source: Sea Around Us database, http://www.seaaroundus.org.
Note: The SAU catches in 2017 and 2018 are estimated by using the proportion of the SAU catch to that reported 
by the FAO in 2016 and the FAO production data in 2017 and 2018. The FAO does not disaggregate catch by type 
of fishery. FAO = Food and Agriculture Organization; SAU = Sea Around Us.
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For the core accounts, fisheries asset value is based on the resource 
rent generated in a given year, assuming a 100-year lifetime of continued 
rent and 4 percent discount rate. This approach does not explicitly quan-
tify the change in fisheries stocks because, unlike other natural capital 
assets, global estimates of the stocks of all the species groups for all coun-
tries are not currently available. However, estimates of the sustainability of 
current fishing operations as well as estimates of the impact of climate 
change on species distribution and abundance are available. This informa-
tion is used to construct alternative scenarios of the value of fisheries. 

Blue Natural Capital 

At the global and regional levels, blue natural capital from mangrove 
coastal protection and fishery production appears quite small, at less 
than 1 percent of all wealth in all years and declining over time 
(figure 6.3; table 6.1). The relative importance of mangroves and fish-
eries in blue natural capital has reversed over time: fisheries’ share 
declined from 85 to 27 percent of blue natural capital, while man-
groves grew and became the dominant component of blue natural 
capital. In all regions except South Asia, the value of fisheries declined, 
while the value of mangroves increased in all regions except North 
America. 

The importance of blue natural capital varies a great deal by country. 
Focusing on the 15 countries where the share of blue natural capital in 
total wealth is greatest (table 6.2), the changes between 1995 and 2018 
are striking. In 1995, blue natural capital accounted for at least 10  percent 
of wealth in six countries, and all but two (Guyana and Suriname) had 
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TABLE 6.1 Mangrove and Fisheries Wealth, by Region, 1995 and 2018
2018 US$ (millions)

Region

1995 2018

Blue natural 
capital Mangroves Fisheries

Blue natural 
capital Mangroves Fisheries

East Asia and Pacific 687,964 114,531 573,433 500,282 404,961 95,322

Europe and Central Asia 177,671 n.a. 177,671 31,439 n.a. 31,439

latin America and 
the Caribbean

430,794 42,259 388,535 78,707 60,028 18,679

Middle East and North Africa 21,918 9,921 11,997 20,234 11,204 9,030

North America 65,863 30,254 35,609 47,938 25,580 22,358

south Asia 18,486 12,229 6,257 53,623 38,132 15,491

sub-saharan Africa 35,703 3,718 31,985 22,272 7,631 14,642

World 1,438,399 212,913 1,225,486 754,495 547,534 206,961

Source: World Bank staff calculations based on Beck et al. 2021.
Note: n.a. = not applicable. 

TABLE 6.2 Blue Natural Capital as a share of Wealth in the Top 15 Countries, 1995 and 2018 
percent

1995 2018

Country
Total blue 

natural capital Mangroves Fisheries Country
Total blue 

natural capital Mangroves Fisheries

Belize 27.4 4.1 23.3 suriname 21.3 21.2 0.2

Peru 21.5 0.0 21.5 guyana 13.5 13.2 0.3

guyana 20.4 16.3 4.0 Belize 4.6 2.8 1.8

suriname 16.9 16.1 0.8 vietnam 4.1 3.6 0.4

Maldives 14.5 0.0 14.5 Mauritania 2.4 0.4 2.1

Namibia 10.7 0.0 10.7 solomon 
islands

2.0 0.3 1.7

Thailand 6.2 0.1 6.1 Comoros 1.7 0.4 1.3

Malaysia 4.0 0.1 3.8 senegal 1.7 0.3 1.3

gambia, The 3.0 0.1 3.0 Haiti 1.2 1.2 0.0

Mozambique 3.0 0.2 2.9 Cambodia 0.9 0.7 0.2

guinea 3.0 0.1 2.8 guinea 0.9 0.3 0.6

Argentina 2.6 0.0 2.6 iceland 0.8 0.0 0.8

iceland 2.5 0.0 2.5 Papua New 
guinea

0.6 0.3 0.2

sierra leone 2.5 0.2 2.3 sierra leone 0.6 0.1 0.5

sri lanka 2.4 0.1 2.3 Jamaica 0.5 0.5 < 0.1

Source: World Bank staff calculations based on Beck et al. 2021.
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high fisheries wealth. By 2018, only two countries (Suriname and 
Guyana) had blue natural capital that accounted for more than 10 per-
cent of total wealth, and, in most countries, fisheries wealth had dwin-
dled so that mangroves now dominated. 

Mangroves
The value of mangroves for flood protection and how the value has 
changed over time depend on several factors: the extent of mangroves,8 
the flood risk, and the produced capital at risk of damage from flooding. 
A country may have vast mangrove forests, but if those forests are not 
protecting much capital from flood risk, their value will be lower than a 
smaller mangrove forest protecting a more highly developed area with 
more capital at risk. Even if there are no changes in mangrove cover or the 
quantity of capital at risk, an increase in the frequency and intensity of 
storms can increase overall risk and the value of mangroves. Map 6.1 shows 
the value in 2018 across countries. 

Indonesia leads the world in mangrove extent, followed by Brazil, 
Australia, Mexico, and Nigeria (figure 6.4). Globally, mangrove extent 
declined 4 percent, from 151,000 km2 in 1996 to 145,000 km2 in 2010, 
and slightly more from 2010 to 2015 (less than 1 percent). Much of the 
loss resulted from conversion of mangroves for aquaculture and oil palm 
plantations in addition to coastal development. Mangrove coverage 
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MAP 6.1 Mangrove Wealth, 2018 
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declined in almost all countries, but in a few countries it increased or 
recovered after 2010, for example, Mexico and Cuba. 

Although the extent of mangroves has declined somewhat since 1995, 
their overall value for coastal protection has increased substantially 
because of sharp increases in coastal flood risk driven by the growth in 
coastal populations and wealth (figure 6.5; table 6.3). From 1995 to 2018, 
the number of people directly affected by flooding in mangrove areas grew 
by 66 percent, and capital stock damages grew by 268 percent. Without 
mangroves, increased flood damage would have been even greater. In 
2018, mangroves protected more than 6 million people from annual 
flooding and prevented additional annual losses of US$24 billion of 
produced capital. 

As produced capital increased at the global level, so did the value of 
the mangroves protecting that capital. The annual benefit per hectare 
more than doubled between 1995 and 2018, from a global average of 
US$643 to US$1,689 per hectare. The asset value increased accordingly. 
The fastest growth in mangrove value occurred in several economies 
where mangrove coverage increased and the value per square kilometer of 
protected assets grew: China; Vietnam; Japan; Bangladesh; Taiwan, China; 
India; and Indonesia. Countries like Cuba, Thailand, and the Philippines 
lost considerable value where there was a decline in mangrove cover and 
coastal population density (table 6.4). 
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FIGURE 6.5 Change in Mangrove value and Extent, by Region, 1995–2018

TABLE 6.3 Mangrove Cover and Flood Reduction Benefits to People and Capital stock, 
by Region, 1995 and 2018

a. Mangrove cover and value, 1995 

Region

Mangrove 
area 

(hectares)

Population 
affected 

by flooding 
in 1995 

(thousands)

Population protected by 
mangroves

Capital 
stock lost to 
flooding in 
1995 (2018 

US$, millions)

Capital stock 
damages averted by 

mangroves

Persons 
protected 

(thousands)

Persons 
per 

hectare

Capital 
stock 

(2018 US$, 
millions)

Stock 
per 

hectare               
(2018 
US$)

East Asia and Pacific 6,431,418 13,079.7 3,164.9 0.49 26,841 4,852 754

latin America and the 
Caribbean

4,117,950 374.5 280.1 0.07 2,656 2,482 603

Middle East and North 
Africa

25,462 139.8 43.0 1.69 948 405 15,900

(continued on next page)
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TABLE 6.3 Mangrove Cover and Flood Reduction Benefits to People and Capital stock, 
by Region, 1995 and 2018 (continued )

a. Mangrove cover and value, 1995 (continued )

Region

Mangrove 
area 

(hectares)

Population 
affected by 
flooding in 

1995
(thousands)

Population protected by 
mangroves

Capital 
stock lost to 
flooding in 
1995 (2018 

US$, millions)

Capital stock 
damages averted by 

mangroves

Persons 
protected 

(thousands)

Persons 
per 

hectare

Capital 
stock 

(2018 US$, 
millions)

Stock 
per 

hectare               
(2018 
US$)

North America 213,175 118.6 32.3 0.15 6,910 1,235 5,791

south Asia 1,031,613 599.2 806.0 0.78 402 499 484

sub-saharan Africa 3,155,012 161.5 130.0 0.04 277 159 51

Total 14,974,630 14,473.3 4,456.3 0.30 38,034 9,632 643

b. Mangrove cover and value, 2018 

Region

Mangrove 
area 

(hectares)

Population 
affected by 
flooding in 

2018
(thousands)

Population protected by 
mangroves

Capital 
stock lost to 
flooding in 
2018 (2018 

US$, millions)

Capital stock 
damages averted by 

mangroves

Persons 
protected

(thousands)

Persons
per 

hectare

Capital 
stock 

(2018 US$, 
millions)

Stock 
per 

hectare 
(2018 
US$)

East Asia and Pacific 6,030,855 20,905.6 4,408.8 0.73 120,839 17,260 2,862

latin America and the 
Caribbean

3,916,230 652.3 395.4 0.10 4,995 3,383 864

Middle East and North 
Africa

23,601 469.3 190.8 8.08 1,449 457 19,372

North America 188,090 179.8 38.8 0.21 10,227 1,044 5,550

south Asia 1,002,190 1,294.5 1,051.8 1.05 1,729 1,556 1,553

sub-saharan Africa 3,088,605 465.8 239.3 0.08 605 371 120

Total 14,249,571 23,967.3 6,324.8 0.44 139,844 24,071 1,689

Source: World Bank staff calculations. 
Note: The Europe and Central Asia region is not included in the table because it has no mangrove assets. Population affected by flooding is 
the number affected with current mangrove cover. Population protected by mangroves equals the additional number of people who would 
be flooded if all mangroves were lost. Capital stock lost to flooding is the annual loss in a given year with current mangrove cover. Capital 
stock damages averted by mangroves are the additional losses that would occur if all mangroves were lost.
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Fisheries

Fish Stocks

Globally, the story of marine fisheries from 1995 to 2018 has largely been 
one of stagnating catch, rising fishing costs resulting from overcapacity and 
overfishing (too many boats chasing too few fish), and declining rents, 
which resulted in declining fish asset value (figure 6.6 and figure 6.7). 
Rents from fishing have declined from roughly 25 percent of landed value 
in the 1990s to 9 percent in the 2010s, a pattern found in most countries. 
In some countries, rents have become negative, and fishing is financially 
viable only with subsidies. 

There are examples of fish stocks being rebuilt with effective fisheries 
management in recent decades, and it is crucial to understand the current 
status of fish stocks to identify strategies for recovery. The traditional stock 
assessment techniques require reliable estimates of stock biomass, but 

TABLE 6.4 Mangrove Asset value of the Top 19 Economies, 1995 and 2018 
2018 US$ (millions) 

Economy Asset value, 1995 Asset value, 2018 % change

China 20,255 186,802 822

vietnam 17,033 117,780 591

Japan 1,165 6,622 468

Bangladesh 1,998 10,300 416

Taiwan, China 2,979 12,731 327

india 9,645 26,952 179

indonesia 13,604 29,996 120

suriname 5,634 11,322 101

Brazil 9,459 14,489 53

Mexico 11,891 17,940 51

Australia 43,378 56,058 29

Ecuador 1,455 1,320 –9

united states 30,254 25,580 –15

guyana 8,202 6,428 –22

Jamaica 1,376 1,047 –24

united Arab Emirates 9,175 6,283 –32

Cuba 1,436 850 –41

Thailand 4,657 2,140 –54

Philippines 11,248 432 –96

Subtotal 204,844 535,072 161

Global total 212,913 547,534 157

Source: World Bank staff calculations based on Beck et al. 2021. 
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Source: World Bank staff calculations based on Lam and Sumaila 2021.
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FIGURE 6.7 global Fish Catch, landed value, Fishing Costs, and Financial 
Rent, 1995 and 2018

these are available only for a small fraction of the world’s exploited 
stocks. SAU has developed an alternative approach based on five stages of 
exploitation: rebuilding, developing, fully exploited, overfished, and 
 collapsed. For simplicity, the CWON collapses the five stages into three: 
(1) rebuilding and developing, (2) fully exploited, and (3) overexploited 
and collapsed. 
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Stock status plots are based on catch levels for a taxon (that is, at the 
species, genus, or family level of taxonomic assignment) relative to 
the maximum or peak catch of the time series (2005–14) for that taxon. 
The criteria for assigning a stock to a stage of exploitation and the data 
used for this are described in Lam and Sumaila (2021). At the national 
level, the percentage of fish stocks in each exploitation status is used to 
assess the overall stock status and hence the effectiveness of the manage-
ment measures in each country. 

The majority of countries had a high percentage (> 50 percent) of 
fish stocks in the overexploited and collapsed status in the 2010s, indicat-
ing poorly implemented and ineffective fisheries management. All income 
groups have a high percentage of fish stocks in the overexploited and 
collapsed status (48 to 59 percent), and countries in the high-income 
group have the largest percentage of fish stocks in this status (59 per-
cent). North America has the highest percentage (68 percent), followed 
by Latin America and the Caribbean and Europe and Central Asia, shar-
ing the  second-highest percentage of overexploited and collapsed stocks 
(62  percent) (figure 6.8). 

Fisheries Rents, Asset Values, and Subsidies

While the long-term global trend for financial rents (landed value minus 
costs) has been downward, there is a great deal of variation among 
countries. In 1995, 26 countries had negative financial rents, but most 

Source: World Bank staff calculations based on Lam and Sumaila 2021.

0

10

20

30

40

50

60

70

80

90

100

Nort
h A

meri
ca

La
tin

 Am
eri

ca
 an

d t
he

 Cari
bb

ea
n

Eu
rop

e a
nd

 Cen
tra

l A
sia

Ea
st 

As
ia 

an
d P

ac
ific

Su
b-S

ah
ara

n A
fric

a

So
uth

 As
ia

Midd
le 

Ea
st 

an
d N

ort
h A

fric
a

%
 o

f f
is

h 
st

oc
ks

Rebuilding and developingFully exploitedOverexploited and collapsed

FIGURE 6.8 Fish stocks, by Exploitation status and Region, 2018 



CHAPTER 6 : BluE NATuRAl CAPiTAl: MANgRovEs ANd F isHERiEs 135

large fishing nations generally earned positive rents, and fisheries wealth 
was substantial. By 2018, rents as a share of landed value were far lower, 
but no country had negative financial rents, although many had near-
zero rents and correspondingly low asset value. Assuming that rents, 
will continue to be generated in the future, global asset values fell from 
US$1,225 billion in 1995 to US$207 billion in 2018, a decline of 83 
percent, largely because of the poor management of fisheries, before 
any impact of climate change on future catch is considered. Furthermore, 
this estimate of wealth is only the private financial value, which has 
been buttressed by heavy subsidies, mostly for industrial fisheries 
(Schuhbauer et al. 2020).

Subsidies to the private costs of fishing are widespread and can be 
beneficial, harmful, or neutral for the sustainable management of fish-
eries (Sumaila et al. 2010; Sumaila et al., forthcoming). For example, 
government expenditures to monitor fish stocks and set sustainable 
catch limits are considered good subsidies because they promote sus-
tainable management. By contrast, capacity-enhancing subsidies, such 
as fuel subsidies, are harmful to sustainable fishing because they increase 
the fishing effort and the pressure on fish stocks. In the short term, this 
may increase catch and revenues, but in the long term it drives up costs 
and reduces the long-term sustainable catch. This analysis considers the 
effect of harmful subsidies that constitute a drain on government 
resources and a force that drives unsustainable fishing (Sakai, Yagi, and 
Sumaila 2019). These subsidies include, in order of magnitude, fuel 
subsidies, fees paid for access to foreign fishing grounds, and tax 
exemptions.

Subsidies drive a wedge between financial rents accruing to the private 
sector and economic rents adjusted for the subsidies; economic rents 
represent the full cost of fishing to society. To calculate economic rent, 
subsidies are subtracted from private financial rent. Subsidies were 
equivalent to 21 percent of global landed value in 1995 and 15 percent in 
2018, a decline in absolute value and as a share of landed value. When only 
the three types of harmful subsidies are considered, they are equivalent to 
almost the same percentage of landed value in 1995 and 2018 (that is, 
about 9 percent of the total landed value). Globally, although economic 
rent was still positive (barely) in 1995, it was negative by 2018. Even in 
1995, economic rent was negative for 72 of the 110 countries in the 
CWON; by 2018, that number reached 89 (map 6.2). Clearly, there is a 
great need for fisheries reform if the goal is to maintain fisheries for future 
generations. 

The Future of Blue Natural Capital under Climate Change

Climate change may radically affect blue natural capital and its ability to 
provide benefits in this century. Policy reform has the potential to put 
countries on a path toward more sustainable management of their blue 
natural capital.
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Mangroves 
The loss of mangroves has slowed dramatically over the past decade: less 
than 1 percent of mangroves was lost after 2010. The future value of man-
grove flood protection through 2050 is likely to be driven strongly by 
changes in coastal population density and wealth. After 2050, climate 
change will likely play a more dominant role, but the complex interplay 
between population, sea level, weather events, and coastal sedimentation, 
among other factors, makes it difficult to predict flood risk, mangrove dis-
tribution, and protection benefits.

Mangroves face challenges from coastal development and upstream 
land-use changes that affect the flow of the sediment and freshwater that 
mangroves need to survive. By 2100, sea level rise threatens to overtake 
mangroves in some places unless they are able to compensate by building 
up sediment fast enough or migrating farther inland or to other areas that 
were not previously climatically hospitable to them (Blankespoor, 
Dasgupta, and Lange 2016). 

However, mangroves face great opportunities for expansion as well as 
threats. As a component of nature-based solutions, mangroves are increas-
ingly recognized as a smart way to build coastal resilience, as stand-alone 
solutions or combined with gray infrastructure for hybrid approaches. 
Mangroves provide not only resilient flood protection but also many 
co-benefits. Their high carbon storage capacity has made them part of 
 climate change mitigation strategies (Browder et al. 2019). 

IBRD 45865  | APRIL 2021

Private financial rent > 0
even without subsidies

Private financial rent > 0
only with subsidies

No fisheries or no data

Source: World Bank staff calculations based on Lam and Sumaila 2021.
Note: Fisheries have positive financial asset value when private rents are positive. If harmful subsidies are considered to calculate economic 
rents, fisheries may not have any asset value.

MAP 6.2 Where Fisheries Contribute to the Wealth of Nations
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TABLE 6.5 Projected Fisheries Change by 2100 Relative to 2018 in MCP and landed value 
under Climate Change scenarios, by Region

Region
Catch, 2018 

(million tonnes)

Change in 
MCP by 2100 (%) Landed values, 

2018 (US$, 
billions)

Change in landed 
value by 2100 (%)

SSP1 SSP5 SSP1 SSP5

East Asia and Pacific 49 –4 –11 81 –3 –10

Europe and Central Asia 27 7 2 39 4 0

latin America and the Caribbean 21 –3 –14 28 –1 –9

Middle East and North Africa 3.5 –3 –19 5.6 1 –8

North America 10 –2 –14 25 –5 –16

south Asia 5.5 –1 –10 6.0 0 –1

sub-saharan Africa 6.1 –6 –15 8.2 –5 –12

Others (unallocated, high seas) 0.7 –15 –47 1.7 –14 –47

Total 123 –1 –9 194 –2 –9

Source: World Bank staff calculations based on Lam and Sumaila 2021.
Note: MCP = maximum catch potential; SSP1 = low-emissions shared socioeconomic pathway; SSP5 = high-emissions shared 
socioeconomic pathway; tonne = metric ton, i.e., unit of mass equal to 1,000 kilograms or 2,204.6 pounds. 

Fisheries
An integrated assessment model (IAM) developed for the 
Intergovernmental Panel on Climate Change is used to estimate the 
likely changes in abundance and spatial distribution at the fish stock level 
under two ends of the climate change scenarios: an optimistic shared 
socioeconomic pathway, SSP1 (low greenhouse gas emissions), and a pes-
simistic shared socioeconomic pathway, SSP5 (high greenhouse gas emis-
sions). The IAM is linked to a bioeconomic model to estimate the impacts 
on maximum catch potential (MCP)—equivalent to the catch at maxi-
mum sustainable yield—and landed value of MCP under these scenarios. 
The scenarios assume that the catch does not exceed MCP and is sustain-
able. Under SSP1, global catch declines over this century by 1.4 percent, 
with slight gains in Europe and Central Asia (6.9 percent). But under 
SSP5, the decline in MCP reaches 9.3 percent by 2100. The decline in 
global landed value follows similar trends, declining by 1.6 percent under 
SSP1 and 8.6 percent under SSP5, with slight gains in Europe and Central 
Asia, which receives some fish species pushed away from tropical regions 
by the warming climate. These changes affect resource rents and the asset 
value of fisheries (table 6.5 and figure 6.9). Under both scenarios, the 
global value of rents declines. Under the more moderate changes of SSP1, 
financial rents decline in all regions except Europe and the Middle East, 
where rents increase by 24 and 5 percent, respectively. Under SSP5, 
global financial rents fall by 41 percent, declining in all regions. North 
America and Sub-Saharan Africa are especially hard-hit, losing 78 and 75 
percent of potential rents, respectively. 
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Conclusion

Blue natural capital is a relatively small share of global wealth, but it is 
very important for many developing countries. From 1995 to 2018, much 
of the value of marine fisheries was lost because of poor management and 
overfishing, and mangrove cover, while increasing in value, did not improve. 
Both components of blue natural capital face serious threats from the 
impacts of climate change. Fish stocks and their asset value declined almost 
everywhere even under moderate climate change scenarios. Mangroves’ 
ability to provide flood protection faces threats from coastal development 
in the coming decades, and greater threats from the sea level rise and 
increased weather events that are likely under climate change after 2050.

The good news is that policy reform has the potential to put countries 
on a path toward more sustainable management of their blue natural capi-
tal; this can increase the economic benefits from mangroves and fisheries. 
With improved management, fisheries can generate substantial rents 

Source: World Bank staff calculations based on Lam and Sumaila 2021.
Note: SSP1 = low-emissions shared socioeconomic pathway; SSP5 = high-emissions shared socioeconomic 
pathway. 
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without the subsidies that act as a fiscal drag on economies. Mangroves can 
be restored in some places, and they are increasingly recognized as a smart, 
nature-based way to help build coastal resilience to flooding. An additional 
incentive for mangrove restoration is their high capacity to store carbon, 
which has made them part of climate change mitigation strategies.

Notes

1. The “blue” economy is the sustainable use of ocean resources for economic 
growth, improved livelihoods, and jobs while preserving the health of ocean 
ecosystems. It encompasses economic sectors such as fisheries, maritime trans-
port, tourism, and others dependent on ocean ecosystems (World Bank and UN 
2017). In this report blue natural capital refers only to mangroves and fisheries.

2. A new thematic edition of the System of Environmental-Economic Accounting 
(SEEA) has been proposed for ocean accounting—SEEA Ocean—and technical 
guidelines are being developed. Ocean accounts are broader than blue natural 
capital because they include natural capital and produced capital in the coastal 
and marine space, such as port and transportation infrastructure, tourism 
infrastructure, residential and commercial real estate, and produced capital that 
generates offshore energy and mining.

3. Mangroves occur in 110 countries, but several countries were excluded from 
the analyses mainly because the mangrove area was too small (<100 hectares) 
for reliable estimation of the flood risk reduction benefits. 

4. Sea Around Us database, http://www.seaaroundus.org.

5. Mangroves also protect coastlines from erosion. In future work, these additional 
values of mangroves would be added for a full mangrove account, but it has not 
been possible to do so at this time. 

6. Coastal protection services can also be modeled using index-based approaches, 
which are less quantitative and do not directly account for storms, bathymetry, 
topography, and flooded assets. See Beck and Lange (2016) for a comparison of 
the two approaches.

7. With a percent chance of occurrence in any given year of 20, 10, 4, 2, and 
1 percent, respectively.

8. Mangrove condition also affects the ability to provide flood protection, but 
information on this is not available at this time.
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