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H:Re 22/ I HI] (Principles of Ecology )
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FRGAE BT > Al R AR B A4 RS H oy =g R -

* R (Cycles) : FrAd¥u/EABRIEBEE P ERRE A AT - T HT AR A ABRIEAEREY) - A
B ERAREANGHAERYN - AR R a2 AR Y o 3 AR - WE A EE

IR o
“ KFGEEIR (Solar energy) : KFGEEEBAROIEYIFICEIER > B LEEE - BREIAERBRHEER -

* &fF (Partnership) : —fEEME RIH A TIEITATE » FEMZCIRREN BRI « A R RBBIFT  TRa
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© ZHEME (Diversity) : A:fk RGEIBAE EAETE Y BV BB MEVE ACHE S TR 2 SLAINE » BB REM: - Mk AR
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(Carbon Farming)
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Carbon Farming combines cutting-edge agricultural practices with the tools of ecological design
to build healthy soil and profitable farms.

Carbon Farming
Capture carbon on your farm
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The value of the world’s ecosystem
services and natural capital

Robert Costanza*t, Ralph d’Arge{, Rudolf de Groots, Stephen Farberi, Monica Grassot, Bruce Hannon4,
Karin Limburg:*, Shahid Naeem**, Roberi V. O'Neilli {, Jose Paruelo:{, Robert G. Raskinis, Paul Sutton)l
& Marjan van den BekYs

* Center for nvirommensal and Estuarine Studies, Zoology Deparnment, and ¥ Insine for Ecological Ecomemics, Unversity of Maryland, Box 38, Sdomons,
Maryland 20688, USA

§ Economics Deparemear (emerites), University of Wyoming, Laximie, Wycming 82000, USA

 Genzer for Zmvfronment and Clmaze Soides, Vageningen Agradoural Universizy, 20 Bax 9101, 5700 HBE Wagentwengen, The Nezheriands

| Graduar Sthool of Pebiic and Iaernanional Affairs, University of Pinesburgh, Pirsbargh, Penmsybvania 15260, USA

9§ Geography Deparomert and N(SA, University of Illivots, Urbana, [iimod: £180), USA

# kotinee of Losayyecrs Seudics, Millbrook, New York, LISA

" Deparoment of Ecology, Fvolurom and Beravior, University of Minnesora, St Paud, Mimnesoss 55108, USA

1 Envirommenmal Sciences Divisian, Oak Ridge Nasioral Laboravry, Ouk Ridge, Temsessee 37831, USA

i1 Deparoment of Ecolegy. Faculty of Agronsmy. University of Buenos Aires Av. San Mardn 4453. 1417 Burmos Aires. Arpenzing

$4 Jet Propuksion Labowitory, Pessdena, Calfornia 91,09, USA

N Vanonal Center for Ceographic Informagion and Amalysss, Deparnment of Geography, Universty of Califsrnia ar Santa Barba'a, Senm Barbara, Cafifornia 93106,
LA

99 Exlogical Ecomomics Research and Appiicanons Imc, PO Bax 1589, Solomons, Ma-yland 238, USA

The services of ecologlcal systems andthe natural capital stocks thatproduce them are critical to the functioning of the
Earth’s IFe-support system. They contribute to human welfare, both directly and Indirectly, and therefore represent
part of tha total economic value of the planet. We have estimated the current economic value of 17 ecosystem services
fer 1€ blemes, bascd on published studics and a fow caloulations. For the cntirc blesphere. the value (most of
which Is outside the market) Is estimated to be In the range of US$16-54 trillion (10'2) per year, with an average of
US$33 trilllon per year. Because of the aature of the uncertainties, this must be considered aminimum estimate. Global

gross natlonal product total Is sround US$ 18 trillion por year.

Because ecsystem services are not fally ‘captured’ tn commercial
markets o1 adequakly quantified In terms ccmparable with econ-
omic services and manufacured capital, they are oftzn given too

Itle wetght In policy decisions. This neglect may ultimately
ccmpromize the sustainabisty of hamans tn the blesphere. The

economiesof the Ezrth would grind to 2 halt without the services of

ecological ife-support systems, so In one sense thetr total vale to
the economy 1s Infmite. However, it can be Instructive to estimate

the ‘Incremental’ or ‘marginal’ value of ecosystem services (the
estimated rate of change of value compared with changes In
ccosystern services from thelr carrent levek). Ther: hawe boen
many stucles In the past ew decades aimad at esimating the
vilue of 2 wide vartety of ecosystem services. We have gathered
tegether thic large (it soattered) ameonnt of Informatton and
peesent 1t sere In 2 form wweful for ecologists, economists, palicy
makers ard the general public. Fom thi: syntheds, we have

estimated values for ecosysem services per unit area by bsame.
ard then multiplied by the total ares of each btome znd summed

over all services and blomes

Although we acknowledge that there are many conceptual and
empirical sroblems inherent in preducing such an sstimate, we

think this exercise Is essential in order toc (1) make the range of

potenttal values of the services of ecosystems more apparent; (2)
establish a: least a first approximation of the relattve magnitude of
ghbal ecoeystem services; (3) set up a framework for thetr further
aralysis; (1) point out these areas most In need of additional
research; and (5) sttimulate additional research and debate. Most
ofthe protiems and uncertaintses weencountered Indicate thatour

Koles, 5106 91 Rockhd

‘M-&uwiwwl y of
Swnden

esimate represents a2 minimum value, which would protably
Ircrease: [1) with additional cffort tn studying and vahaing a
broader ringe of ecosystemn services; (2) with the incerporaticn of
more realstic representations of ecosystem dynamics and Inter-
drpendences and (3) as ccosystem eervices become more stressed
and ‘scarce’ In the future.

Ecosystom functions ard ocosystom services

E-osystem functions refer variously to the habstat, blologiczl or
system properties or procsses of ecosystems. Ecosystem goods
(such as food) anc services (such 21 waste :similatien) represent
the benefi's human populations derve, directly or Indirectly, from
ecosystemn functions. For simplicity, we wil refer o ecosystem
gnadds and services together as ernsystemn services A large nimber
of fanctions and services can be iden:tfied' . Reference 5 provides a
recent, detatled conpendiun on desaribing, measuring and valoing
ecosystem services For the purposes of this analysis we growped
ecosystem services Into 17 major categories. These groups are Ested
in Table 1. We Included only renewable ecosystem services, exdud-
ing non-renewable fuels ard minenls and the atmasphere. Note
that ecosy:tem services and functson: do not recessarily show aone-
to-one corespond:nce. In some cass a singe ecosyslem servie is
the produ:t of twe or more ecosysten functions whereas in cther
cises 2 single ecosystem fanction contributes to two or more
ecosystem services It 1s als> Important to emphastze the Interde-
p2ndent niture of many ecosystem fanctions. For example, some of
the net primary production In an ezosystem ends uf as food, the
consumption of which generates respiratory products necessary for
primary production. Even though these functions and service: are
Interdependent, In many cases they can be added because they
represent ‘joint products’ of the ecosystem, which support human
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