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The value of the world's ecosystem services and natural capital

Robert Costanza, Ralph d'Arge, Rudolf de Groot, Stephen Farber , Monica Grasso,
Bruce Hannon, Karin Limburg , Shahid Naecem, Robert V. O'Neill, Jose Paruelo, Robert

G. Raskin, Paul Sutton & Marjan van den Belt
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Figure 2 Global map of the value of

C l ecosysiem senices. 38e Suppemern-
Ostanza, et. a tary Information and Tabie 2 for details.

Nature 387, 253 - 260 (15 May 1997)
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CONSTITUENTS OF WELL-BEING

ECOSYSTEM SERVICES

Provisioning
FOOD
FRESH WATER
WOOD AND FIBER

Security
PERSONAL SAFETY
SECURE RESOURCE ACCESS
SECURITY FROM DISASTERS

FUEL
Basic material
for good life Freedom
_ ADEQUATE LIVELIHOODS of choice
Supporting Regulating ggEE%ENT NUTRITIOUS FOOD and action

NUTRIENT CYCLING CLIMATE REGULATION OPPORTUNITY TO BE

ACCESS TO GOODS
SOIL FORMATION FLOOD REGULATION ABLE TO ACHIEVE
PRIMARY PRODUCTION DISEASE REGULATION WHAT AN INDIVIDUAL
WATER PURIFICATION
Health VALUES DOING
-- AND BEING
STRENGTH
FEELING WELL
Cultural ACCESS TO CLEAN AIR
AESTHETIC AND WATER
SPIRITUAL
EDUCATIONAL

RECREATIONAL Good social relations
SOCIAL COHESION
MUTUAL RESPECT
ABILITY TO HELP OTHERS

LIFE ON EARTH - BIODIVERSITY

Source: Millennium Ecosystem Assessment

ARROW’S COLOR ARROW’S WIDTH
Potential for mediation by Intensity of linkages between ecosystem
socioeconomic factors services and human well-being

Low ——= Weak @EEI/:T-L\ IZI:/Z'T'-L\ﬁﬁﬁ
BN Medium —— Medium E%%#—EX}:AEGD’R* (T_A*i)
— 1 stong HURESI K21 HZCOEMRE RS 20074

RO & H#Ihttp://www.millenniumassessment.org/en/Index.aspx CA F [ gE



Finding #1

— Over the past 50 years, humans have changed
ecosystems more rapidly and extensively than in any
comparable period of time in human history

— This has resulted 1n a substantial and largely 1rreversible
loss in the diversity of life on Earth

http://www.millenniumassessment.org/en/Index.aspx
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More land was converted to cropland in the
30 years after 1950 than in the 150 years
between 1700 and 1850.

) Cultivated Systems:
Areas in which at least

Millennium Ecosystem Assessment

Cultivated SyStems in 2000 cover 25% of Earth’s terrestrial surface

(Defined as areas where at least 30% of the landscape is in croplands, shifting cultivation, confined
livestock production, or freshwater aquaculture) 14
http://www.millenniumassessment.org/en/Index.aspx



Unprecedented change: Ecosystems

— 20% of the world’s coral

reefs were lost and 20% Sumotdischargs
degraded 1n the last several
decades
— 35% of mangrove area has
been lost in the last several
decades
— Amount of water in oo
reservoirs quadrupled since
1960
— Withdrawals from rivers and 3.6 times a5 much water in reservoirs as in
lakes doubled since 1960 natural rivers

(Data from a subset of large reservoirs totaling ~65%
of the global total storage) 15
http://www.millenniumassessment.org/en/Index.aspx



Some ecosystem recovery now underway
but high rates of conversion continue

— Ecosystems in some regions are returning to conditions similar to
their pre-conversion states

— Rates of ecosystem conversion remain high or are increasing for
specific ecosystems and regions

EQUATOR

Deforestation hot spots
B Net loss of forest
- Current forest cover
-_ Net gain of forest

£ DR
= =

http : / / WWW. mille Il lliu m&s_@ S:S—irll eﬁé;%i)‘rgle HiIIi dﬁxv&sp*cosystem Assessment :‘*‘fr



Significant and largely irreversible
changes to species diversity

Extinctions per thousand species per millennium

- [

— Humans have increased the species e Koo
extinction rate by as much as 1,000 - T Naherban e
times over background rates typical T —
over the planet’s history (medium . | - tmes igher ran
certainty)

— 10—-30% of mammal, bird, and '] i
amphibian species are currently l - svincion ate
threatened with extinction (medium u
fo h lgh cer talnly) ° :lng:'; Mammals  Mammals Birds Amphibians  All species

17
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Changes to ecosystems have provided
substantial benefits

— Food production has more
than doubled since 1960

— Food production per capita

has grown

— Food price has fallen

index 100 in 1961

300 1
Undernourished in
developing countries
250 4
918 j/ 920
O — = O
200 Oil crisis

150 4

100 S -

Undernourished
in million persons

-1 200

Total food
production

-1 000

- 800

Food production
per capita L 600

400

50 1

b TP o I~

Eood prce
TN, -

-,
oo f 200

g

1961 1965 1970 1975 1980 1985 1990 1995 2000 2003
Sources: FAOSTATS, SOFI, Millennium Ecosystem Assessment

http://www.millenniumassessment.org/en/Index.aspx
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— Approximately 60% (15 out of 24) of the ecosystem
services evaluated in this assessment are being
degraded or used unsustainably

— The degradation of ecosystem services often causes
significant harm to human well-being and represents a
loss of a natural asset or wealth of a country

http://www.millenniumassessment.org/en/Index.aspx
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Status of Provisioning Services
| Serviee [ Status |

Food Crops A
livestock A
capture fisheries 4
aquaculture A
wild foods v
Fiber timber +/—
cotton, silk +/—
wood fuel Wl
(Genetic resources v
Biochemicals, medicines 4
Fresh water v

http://www.millenniumassessment.org/en/Index.aspx



Capture Fisheries

« 25% of commercially
exploited marine fish
stocks are overharvested

Mean Imph{lev‘el - - Mean trophic Ievel. Mean trophic level

3.6 3.6 3.6

35 35 35

3.4 3.4 % 3.4 ’V\”\f\/\r’
3.3 3.3 3.3

3.2 3.2 3.2

3.1 3.1 3.1

3.0 3.0 3.0

All marine Coastal North Atlantic Ocean

o] (0]
1950 1960 1970 1980 1990 2000 1950 1960 1970 1980 1980 2000 1950 1960 1970 1980 1990 2000

Source: Millennium Ecosystem Assessment

Trophic level of fish captured is declining in marine and
freshwater systems

http://www.millenniumassessment.org/en/Index.aspx

Million tons
90 ;

80
70
60 -
50 1
40
30
201

10

Global marine fish catches

0 - - . . .
1970 1975 1980 1985 1980 1995 2000
Source: Millennium Ecosystem Assessment

Marine fish harvest
declining since the
late 1980s
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Water

— 5 to possibly 25% of global freshwater use exceeds long-term
accessible supplies (low to medium certainty)

— 15 - 35% of 1rrigation withdrawals exceed supply rates and are
therefore unsustainable (low to medium certainty)

T i Ea s e . —
= f riac. = L s -
L - e T -
gt ’ s f "‘;"—I\T-‘ '?___-_o-..} s
= o -2 - -2 e - 4 \ \:
- " i R
4 / DN Tl
- Lt . Dl 3 7~ sl
f,._ﬁ J- ‘-_':1-'-_- - h& P ,.;
Lt~ N 2 . <
-~y . : w /’ oy he
SFale 2 k- 7 -\"’JJ
OOOOOOO '. emr T 7 // B b F QUATOR
x X . & R ¥l S
& 7 T s s,
. . e D :
Potentially unsustainable b5 /,‘ 4 b
agriculture irrigation 3 (’j & j - p 2 . -
B High overdraft wr g ,_,/ g
U Moderate overdraft j - —_— ;
| Low overdraft ' ;‘J pe //
Demand equal supply E -
Supply higher than demand e
— P oot
—— "’-h-f"f‘ -_—

—

Source: Millennium Ecosystem Assessment /
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Status of Regulating and Cultural

Services

http://www.millenniun

Status
Regulating Services
Air quality regulation
Climate regulation — global 2\
Climate regulation — regional and local
Water regulation +/—
Erosion regulation
Water purification and waste treatment
Disease regulation +/—
Pest regulation
Pollination
Natural hazard regulation
Cultural Services
Spiritual and religious values v
Aesthetic values v
Recreation and ecotourism +/—
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Regulating Services

* Natural hazard regulation

— The capacity of ecosystems to buffer from extreme events has been
reduced through loss of wetlands, forests, mangroves

— People increasingly occupying regions exposed to extreme events

FI OOd S Number of events

Data plotted by decade
350

2000

300

250 1

200 1

150 1

100 1

50 +

0

—_— j'u"‘“i':ig'_sg:‘
_ Oceania ~

2 _/""}“

http://www.millenniuiiasséSSment.org/en/Index.aspx



Wealthy populations cannot be insulated
from ecosystem degradation

— The physical, economic, or social impacts of ecosystem service degradation may cross
boundaries

— Many sectors of industrial countries still depend directly on ecosystem services.

— Wealth cannot buffer people from changes in all ecosystem services (e.g., cultural
services, air quality)

— Changes in ecosystems that contribute to climate change affect all people

: ha . SUW Y
Dust Cloud Off the Northwest Coast of Africa extending to South America

Source: NASA Earth ?tgervatory

http://www.millenniumassessment.org/en/Index.aspx



Direct drivers growing in intensity

5 - < Pollution
Ll <l TNENE  oxprion (niogen
Boreal Pk ‘
corasr I *Most direct drivers of
Tropical ~ degradation in

ecosystem services
remain constant or are

Temperate grassland

Mediterranean

Dryland
Tropical grassland

Inland water

and savanna

Desert

!

— b \
= \
_— = r |
Polar P t ’

growing in intensity in
most ecosystems

Driver’s impact on biodiversity : )
over the last century Driver’s current trends

Low ecreasing i
Moderate Continuing impact
High - Increasing impact
Very high of the impact Source : Millennium Ecos ystem Assessmen t
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Degradation of ecosystem services often
causes significant harm to human well-being

Net Present Value in dollars per hectare

— The total economic value T o s o
associated with managing
ecosystems more sustainably
is often higher than the value
associated with conversion
— Conversion may still occur |
because private economic E=
benefits are often greater for | REE D
the converted system 1 ] .. o

28
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