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niesenrlcesof ecologlcalsystemsandthe naturalcapltalstocksthatproducethemaracrlUcaltothehinctlonlngofthi 
Earth's Ilfe-support sysiem. ïhey contrlbute to human welfara, both dlrectly and Indlraotly, and themfore Ceprasent 
partofthetotaleconomlcvalueoftheplanet. We haveestlmatedthecu~nteconemlcvalueof 17ewsystemse~Iw 
for 16 blomes, based on publlshed studles and a few orlglnel calculatlons. For tht  entlra blosphere, the value (most O 

whlch 1s outslde the market) 1s estlmated to be In the range of US$16-64 trllllon~lO'*) per year, wlth an average of 
Because of the nature of th 
total 1s around 

es, thls must be consldere 

Because ecosystem services are not îuüy 'captuced' in commercial 
niarkets or adequately quantified in terms comparable with econ- 
-:rii.services and manufactured capital. they are oftm given too 

ittle weight in p o l i q  decisions. This neglect may ultimately 
compromise the sus@inabiiity of humans in the biosphere. The 
emnomies ofthe Eanh would grind to a hait without the services of 
ecologicai life-support systems. sn in one sense their total value to 
the economy is infinite. However, it can be instructive to estimate 
the 'incrementaï or 'marginal' value of ecosystetn services (the 
estimated rate of change of d u e  compared with changes in 
ecosystem services from their curent  levels). There have been 
n1dii.v studies in the past few decades aimed at estimating the 

. t ! ~ f  of a wide vatiety of ecosystem services. We have gathered 
.,-$;ther this large (but scattered) amount of information and 
przsent it here in a form usefui for emlogists. economists. pol iq  
niakers and the general public. From this synthesis. we have 
estimated values for ecosystem services per unit area by biome, 
snd then multiplied by the total area of each biome and summed 
over al1 services and biomes. 

hithough we acknowledge that there are many conceptual and 
empuicd problems inherent in producing such an estimate. we 
think this exercise is essentiai in order to: (1) make the range of 
;'otential values of the services of ecosystems more apparent: (2) 
-.btiblih at least a first approximation of the relative magnitude of 
;iobd ecosystem services: (3) set up a framework for their further 
Jndysis: (4) point out those areas most in need of additional 
mearch: and (5) stimulate additional research and debate. Most 
of the problems and uncertainties we encountered indicate that OUI 

estimate represents a minimum value. which would probabl 
increase: (1) with additional effort in studying and valuing 
broader range of ecosystem services: (2) with the incorporation O 

more realistic represenrations of ecosystem dynamia and inter 
dependence: and (3) as ecosystem services become more stresse< 
and 'scarce' in the future. 

Ecosystem îunctlons and Bcosystam servlces 
Ecosystem functions refer variously to the habitat, biological o. 
system properties or processes of ecosystems. Emsystem good 
(such as food) and services (such as waste assimilation) represen 
the benefita human populations derive. directiyor indirectiy, fron 
ecosystem functions. For simplicity, we wiil refer to ecosysten 
goods and services together as ecosystem services. A large numbei 
offunctions and seMces can be identiûedi4. Reference 5 provides : 
recent. detailed compendium on describing. measuring and valuing 
emsystem services. For the purposes of this anaiysis we groupec 
ecosystem services into 17 major categories. Thesegroups are listed 
in Table 1. We included only renewable ecosystem services, exclud- 
ing non-renewable fuels and minerais and the atmosphere. Note 
that ecosystem servicesandfunctionsdo not necessariiyshowaone- 
to-one correspondence. In %me cases a single ecosystem service is 
the product of hvo or more ecosystem functions whereas in other 
cases a single ecosystem function wntributes to hvo or more 
emsystem services. It is also important to emphasize the interde- 
pendent nature ofmany ecosystem functions. For example, some of 
the net primary production in an emsystem ends up as food. the 
consumption ofwhich generates respiratory products necessary for 
primary production. Even though these functions and sewices are 
interdependent. in many ases  they can be added because they 
represent 'joint products' of the ecosysteni. which support human 
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welfare. To the extent possible, we have attempted to distinguish 
joint and 'addable' products from products that wouid represent 
'double counting' (because they represent diKerent aspects of the 
same service) if they were added. it is also important to recognize 
that a minimum level of ecosystem 'infrastructure' is necessary in 
order to allow production ofthe range ofservices shown in Table 1. 
Several authors have stressed the importance ofthis 'infrastructure' 
of the ecosystem itself as a contributor to its total value". This 
component of the value is not included in the current analysis. 

Natunl capital and ecosystem senrlces 
i n  general, capital is considered IO be a stock of materials or 
information that exists at a point in time. Fach form of capital 
stock generates, either autonomously or in conjunction with ser- 
vices from other capital stock, a flow of services that may be used to 
transform materials, or the spatial configuration of materials, to 

enhance the welfare of humans. The human use of this flow of 
services may or may not leaw the orïginal capital stock intact. 
Capital stock takes àiKerent identifiable forms, most notably in 
physical forms including natural capital, such as trees, minerals, 
ecosystems, the atmosphere and so on; manufactured capital, such 
as machines and buildings: and the human capital of physical 
bodies. i n  addition, capital stock can take intangible forms, 
especially as information such as that stored in computers and in 
individual human brains, as well as that stored in species and 
ecasytems. 

Ecosystem seMces consist of Bows of materials, energy, and 
information from natural capital stock which combine with 
manufactured and human capital services to producs human 
welfafe. Aithough it is possible to imagine generating human 
welfare without natural capital and ecosystem services in artificial 
'space colonies: this possibility is too remote and unlikely to be of 

Table i Ecosyriem sewlces and iunctlons used In thls atudy 

t Gas regdation Regulation Of Btmospheric chemical composition. COIIOI halanoe,O~forUVBprolection.and S0,leveIs. 

2 Climate regulation Regulation Of globaltemperature. precipitetion. and Greenhouse gas regdation, DMS produdion aifeding 
other hiologically mediated clima5c p-sses at 

. .............................. 
~ 

II 

Cloud formation. 
globslorlocellevels. P ........... ................................... 

3 Disturbance regulation Capscitance. damping and integdty of ewsystem 
respanse to environmentai fluctuations. 

Storm protection. flood wntrol. drought mwwry and 
other aspects of hahilal respoonse 10 environmental 
vanability mainiy cantrolled by vegetation Structure. 

4 Water regulation Pmvisioning Of WBter for agricultuml (Such as inigation 
or industrial isuch as millinal o r o c e ~ ~ e ~  or ". . 
wansponstion. 

....... 
5 Watersuppiy Storage and retention Of water. Pmvisioning ot water by watersheds. resewols and 

uifers. 

Emion COntrOl and Sediment retention Relention Of mil vnthin an en>system. Prevention Of loss of soi1 by wind, runoif, or Other 
removsl proocesses, storage of stilt in lekes and 
wetlands. 

6 

. _ _ ............................ 
7 Soi1 formation Soi1 formation processes. Weathering Of rock and the aCCumUlation of organic 

mste"a1. 

Nimgen hxation, N. P and mher elemental or nuirlent NuVient cycling intemal cyciing, processing Bnd 
acquis ion Of nurnents. cycles. 

& R m e r y  of mobile nmrients and removal or 
b reakdm Of ~ X C ~ S S  or xenic nmriens and 

W m e  westment. polluiion cantrol, detoxihcation. 
~~ 

carnwnds. 

[O Pollinstion Movement of floral gameta. Prwisioning of pOlllnalOIS 1or the reproduction of piani 
populations. 

t Trophicdynamic regulations Of populations Keystone predatorcantml of preyspecies, reduction 01 

...................... " 

:2 RefJgia HabBt for resident and transient populations. Nurseries. habitatfor migratory species, regionsi 
hahilals for locslt+ hawslsd species. 01 oveiwinlering 
grounds. 

Produclion othah. game, crops, nuis, fruits by hunting. 
gaihering. subsistence farming or hshing. 

The produdion d lumbsr, fuel or fodder. 

. .... ................... 
Food production Thal pnim of gross primary produdion 

extiectable as fond. 

Thet ponion of gross primery piodudion 
emaaable as raw materials. 

-- " "" d 
4 Raw matenala 

6 Sources of unique biologicel materials and 
produm. 

Medicine, produm lor mBteria16 science. gmes foi 
resislance 10 plant pathowns end crop p~sla. 
OrnamenIal speenSs (peis and horlieuburalvarieties Of 
plants). 

... - ..... ........................................ ...................... .................................. 
7 Cubial Pmvidlnp opponunitmior nOnamm(nCia1 uses. Aesthetic, aNstiC. eduCBtion81. spirftual, sndlor 
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much currcnt interest. In fact, one additional way to thinkabout the 
value of ecosystcm services is to dnerminc what it would cost to 
rcplicate thcm in a tcchnologically prcduced, artiiïcial biospherc. 
Expericncc with manncd rpace miaciorv and with Biospherc II in 
Arizona indicatw that this is an cxcccdingly complu  and arpensive 
proposition. Biospherc 1 (the Earth) u a v a y  cfficimt, least-mst 
jrwidcr of human lifc-support wrviccs. 

lhus wc can considcr the gcncd ckss of natural capital as 
oiential to humah wclfarc. Zen, natural capital implics zero 
human welfm because it is not feasiblc to substitutc. in total. 

through non-market activities. For cxamplc, coral r e f s  provid 
habitats for fish One a.spcci of thcir d u c  is to increaw an 
conccntrate fish stodo. One effect of change in c o d  rccf qualit 
or quantity would be ducemible in commercial fL9hcrics markets, a 
in rccreational fishcner. But othcr a . s p  ofthc @uc of coral rceB 
such as rccmtional diving and biodiversity conservation, do na 
show up  complctcly in markets. Forests providc timber 'material 
through well establühcd markets, but the d t e d  habitat value 
of forets arc also felt through unmarketcd rccmtional activitia 
The c h a h  of effeas from ccomtcm w M c u  to human wcüare cai 

purely 'non-narural' capital for natural capital. Manuf&cd and 
: human capital rcquirc natural capital for thcu  construdion'. Thcrc- 

fore.it is not vervmeaninahil toaskthe total valucofnatural capital 

range from extremcly simpl; to exceedingly compler Forest 
providc timber, but also hold soils and moisturc, and creat, 
microdimates. all of which contribute to human welfare in com - 

10 human welfare, nor to ask the value of massive, particular forms 
of natural capital. It is trivial to ask what is the value of the 
atmospherc to humankind, or what is the value of rocks and soü 
~nfrJriNctUrc as support systems. Thcir value is inünite in total. 

'<, ,Ivever, it is meaningfd to ask how changes in the quantity or 
-Z:III~ of various types of natural capital and ecosystem wMccs 
hay have an impact on human welfarc. Such changes include both 
smaii  changes at Large scalcs and large changes at sm& scales. For 
example, changing the gaseous composition of the global auno- 
sphere by a s d  amount may have large-scale dimate change 
effects that wüi affect the viability and weifarc of global human 
popuiations. Latge changes at smaii  scales indude, for cxamplc, 
dramatically changing local forest composition. These changes may 
dramatically alter terrertnal and aquatic ecosystem having an 
i->yact on the bencfits and costs of local human activities. In 
:::xr~I, changes in particular forms of naturai capital and ecosys- 
trm services wüi alter the costs or benefits of maintaining human 
welfare. 

plex, and generaüy non-marketed ways. 

Valuation methods 
Various mcthods have been used to estimate both the market an( 
non-market componenü of the value of ecosystem ~erv ices~- '~ .  II  
this analysis, wc synthcsized prcvious studies baxd on a widi 
variety of mcthods, noting the limitations and assumptions under 

Many of the valuation techniques used in the studies covered U 

our synthesis are baxd, eithcr directiy or i n d i r e ,  on attcmpts tc 
estimatc the 'wilüngness-to-pay' of individuab for ecosystem wr 
vices. For uramplc, if ecological services providcd a 550 incremcn 
to the timber productivity of a forest, then the beneficianes of thi! 
service should ix wiiiing to pay up to 550 for i t  In addition tc 
timber production, if the forest offered non-marketed, aesthetic 
existence, and conxrvation vaiucs of $70, thosc rcceiving this non 
market benefit should be,wüiing to pay up to 570 for i t  The total 

lying eadL 

Valuation oi bccnystwn umlces 
The issue of valuation is insepanblc from the choices and decisions 
we have to makc about ecological systcms'. %me argue that 
valuation of ccosystems is eithcr impossible or unWise, that we 
cannot place a d u e  on such 'intangibla' as human We, environ- 
-.enrai aesthetia, or long-term ecologicai benefits. But, in fact, we 
: . -1,  çiery day. Whcn wc set construction standards for highways, 

bridges and the Wre, we value human life (acknowlcdged or not) 
because spending m w  money on construction would savc lives. 
Another frequcnt argument is that wc should protect ecasyrtems for 
purely moral or aathetic rcasons, and wc do not need valuations of 
Kosystems for this piupow. But therc arc equaiiy compelling mod 
Jrgumentsthat maybeindir~conAictwiththemoralargument to 
protect ecosystcm; for example, the moral argument that no onc 
rhould go hungry. Moral arguments translate h c  valuation and 
4.: i c i i u n  ' problem into a different set of dimensions and a differcnt 

II:.I.I<~ of discourse6; one that, in OUI vim, makes the problem of 
i l . &  and choicc more difficult and less explicit. But moral and 

w n o m i c  arguments are cenainiy not mutuaiiy exclusive. Both 
dixusrions can and should go on in paraüel. 

So. Jlthough ecosystem valuation is c e n d y  difficult and fraught 
with uncenaintics, one choicc we do not have is whether or not to 
do it. Rather, the decisions we make as a mic ty  about ecosystems 
i+Iv valuations (although not necessady cxprcssed in monetary 
iermsl. We can choow to make t h m  vaiuations cxplicit or not; wc 
a n  do them with an cxplicit acknowledgement of the hugc 
.nccrlJinties involved or no$ but as long as wc arc forced to 
':.ike choies, wc are going through the process of valuation. 

1-hc exercisc of valuing the services of natural capital 'at the 

. 

IiiJrsin' consists of detemining the differcnces that relativcly small 
changes in thesesetvices make to human wclfare. Changes in quality 

1 

aiMav 

nouni Supplyanddemendcurves.sho~ngthadeHo1~tanso(costlk4ire~iaNi 
cmsurner surphi3 for wrrnal g w d s  1.1 and s a  Bsseniia Rosysiem S R N I C ~ ~  

(bj. Seeie*tforhinhere*pianaiian. 

or qulntity of ccosystem services have value insofar as they either 
c h g e  the bencfits assosiated with human activitie or change the 
QxtS oi  ihose activities. T h w  changes in benefits and costs cither 
hJve Jn impJct on humin welfare throiigh established markets or 
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value of ecological services wouid be $120, but the contribution to 
themoneyeconomyofecologicalwrvicts wouidbeSH), theamount 
th& actuaUy passu througb markets. In thir study we have tried to 
&mate the total value of ecoiogicai s e M e  regardless of whether 

Figure 1 shows rome of these concepts &grammaticaUy. Figure 
la shows convational supply (marginal COdt) and demand (mar- 
ginal benefit) curvu for L typical marketed good or KN~CC. The 
".plue that wouid show up in gros national prcduct (GNP) ir the 
market pnccptim~thequanti~q,orthearcapbqrTherearethrce 
other relevant areas reprexnted on the &gram, however. The cost 
'ofprodudion ir the area under the supply curve, cbq. The 'prcduccr 
surplus' or hct rent' for a resource ir the arca betwcen the market 
p r i e  and the supply curve, pbc The 'consumer surplus' or the 
amount of welfare the consumer reccives over and above the price 
paid in the market is the ara between the demand c w e  and the 
market price, abp. The total economic d u e  of the resourcc is the 
ium of the prcùucer and consumer surplus (exduding the cost of 
-,,>duction), or the arca abc on the &gram. Note that total 
:. .>,omit value can be greater or l e s  than the p r i e  times quantity 
sstimates uwd in GNP. 

Figure la refers to a human-made, substitutable go&. Many 
ecosystem w M m  are oniy substitutable up to a point, and their 
demand curves probably look more like Fig. lb. Here the demand 

~ approaches Mnity as the quantity available approaches zero (or 
some minimum nMsary level of seMces), and the consumer 
surplus (as weii as the total economic d u e )  approaches Mnity. 
Demand curves for ecosystem seMces are very dinicuit, if not 
impossible, to estimate in pradce. In addition, to the extent that 
.: .,., >)stem seMces Cannot be increased or decreased by actions of 
Che economic system, their supplycurves are more nearlyvertical, as 
shown in Fig. lb. 

In this study we estimated the d u e  per unit area of each 
ecosystem seMce for each ecorystem typz To estimate this 'unit 
value' we uwd (in order of preferenrp) either: (1) the s u m  of 
consumer and producer surplus; or (2) the net rcnt (or prcducer 
surplus); or (3) price times quantity as a proxy for the economic 
value of the seMce, assuming that the demand cuve for ecosystem 
iewiccs l0ok.s more like Fig. l b  than Fig. la, and that thereforc the 
": I Fbqc ir a conservative underestimate of the area abc We then 

ngwo 2 Global map OiLthS velue 01 
B(osysIBm ~ ~ B M C B S .  See Çupplemew 
(arY l f l l m e ~  endTeble2fordelaiis 

thcy are currenîiy marketai. , .  

3 

multiplied the unit values times the surfacc area of each ecosystem 
to arrive at global totals. 

wim8yBtoal v d u a ,  muiot. and OÙP 
As we have notcd, the duc of many types of nafurai cepital and 
ecoaystcm xrvicu may not be easiiy traccable througb weii func- 
tioning markets, or may not show up in markets at ak Por example, 
the acsthetic enhancement of a forest may alter recrcational expen- 
diturcs at that site, but this change in expenditure bcars no neccssary 
relation to the d u e  of the enhanccment Recrcationists may value 
the improvanent at $100, but transfer oniy $20 in spending from 
other recrcational areas to the improved site. Mianccd weîiands 
qualitymayimprove wsstetratment, savingon potential trcatment 
colts. For example, tertiary trcatment by wedands may Save $100 in 
alternative treatment Eusting treatment may cost oniy $30. The 
treatment cost savinps does not show up in any rnarket.There isvery 
linle relation between the d u e  of seMces and observable current 
spending behaviour in many cases. 

There is also no necessary relationship betwem the dua t ion  of 
natural capital servicc fiows, even on the margin, and aggrcgate 
spending, or GNP, in the economy. This ir m e  men ifaU capital 
seMce flows had an impact on well fundionhg markets. A large 
part ofthecontributions to humanwelfarebyecosystemwrvicesari 
of a purely public g& nature. Thcy accrue direaiy to human 
without passing througb the money economy at aü In m y  case 
people are not men aware of them. Eramples indude dean air an< 
water, soii formation, dimate regulation, waste treatmeni, aesthetii 
values and g d  health, as mentioned above. 

Olobai land UH and land covw 
in  order to estimate the total value ofecosystem seMces, we needec 
estimatesofthe totalglobalextent o f the~ tems themsc lves .Wc  
devised an aggregated dassification scheme with 16 primary cate. 
gories as shown in Table 2 to reprexnt m e n t  global land use. The 
major division ir between marine and terrestrial systems. Marine 
was further subdivided into open oceatl and coastal, which itseli 
indudesestuaries,seagr&algaebe&, coralreefgandshelfsystems. 
Terrestrial systcms were broken down into two i y p  of forest 
(tropical and temperatebreai), grasslanWrangeh&, wetlands, 
lakedrivers, desert, tundra, icc/rwk, cropland, and urban. F'rimary 



data were from ref. 17 as summarized in ref. 4 with additional 
information from a number of We also used data from 
ref. 23, as a cross-check on the terrestnal estimates and refs 24 and 
21 as a check on the marine estimates. The 32 landcover types of ref. 
17 were recategorized for Table 2 and Fig. 2. The major assumptions 
were: (1) chaparral and steppe were considered rangeland and 
combined with grasslands; and (2) a variety of tropical forest and 
woodland types were combined into ‘tropical forests’. 

(4) In calculating the current value, we generaily assumed that the 
demand and supply curves look something üke Fig. la. in reality, 
supply curves for many ecosystem services are more nearly inelastic 
vertical lines, and the demand curves probably look more like Fig. 
lb, approaching infinity as quantity goes to zero. Thus the con- 
sumer and producer surplus and thereby the total value of ecosys- 
tem services would also approach infinity. 
(5) The valuation approach taken here assumes that there are no 
sham thresholds. discontinuities or irreversibilities in the ecosvstem 

Synthesls 
We conducted a thorougb literature review and synthesized the 
information, along with a few original calculations, during a one- 
week intensive workshop at the new National Center for Ecological 
Analysis and Synthesis (NCEAS) at the University of California at 
Santa Barbara. Supplementary Information lists the primary results 
for each ecosystem service and biome. Supplementary Information 
includes ail theestimates we could identify from theliterature (from 
over 100 studies), their valuation methods, location and stated 
value. We converted each estimate into 1994 US$ha-’yr-’ using 
the USA consumer price index and other conversion factors as 
needed. These arelisted in thenotes to the Supplementarylnforma- 
tion. For some estimates we also converted the service estimate into 
US$ equivalents usingthe ratio ofpurchashg power GNP per capita 
for the country of ongin to that of the USA. This was intended ta 
adjust for income effects. Where possible the estimates are stated as 
i range, based on the high and low values found in the literature, 
tnd an average value, with annotated comments as to methods and 
issumptions. We also included in the Supplementary Information 
iome estimates from the literature on ‘total ecosystem value: mainiy 
is ing energy analysis techniques”. We did not include these 
stimates in any of the totals or aveages given below, but only for 
:omparison with the totals from the other techniques. Interestingly, 
hese different methods showed fairly close agreement in the final 
Fsults. 
Each biome and each ecosystem service had its special considera- 

ions. Detaiied notes explaining each biome and each entry in 
;upplementary Information are given in notes foliowing the table. 
dore detaiied descriptions of some ofthe ecosystems, their services, 
nd general valuation issues can be found in ref. 5. Below we briefly 
Liscuss some general considerations that apply across the board. 

burees of emr, llmltatlons and caveats 
>ur anempt to estimate the total w e n t  economic value of 
cosystem services is limited for a number of remns, including: 
1) Although we have anempted to include as much as possible, OUI 

stimate leaves out many categories of services, which have not yet 
een adequately studied for manyecosystems. In addition, we could 
ientify no valuation studies for some major biomes (desen, 
mdra, icelrock, and cropland). As more and bener information 
ecomes avaiiable we expect the total estimated value to increase. 
2 )  Current prices, which form the basis (either directiy or indir- 
d y )  of manyofthe valuation estimates. are distorted for a number 
f reasons, induding the fact that they exdude the value of 
Losystem services, household labour and the informai economy. 
1 addition to this, there are differences behveen totai value, 
Insumer surplus, net rent (or producer surplus) and p X q, ail of 
%iich are used to estimate unit values (see Fig. 1) .  
1) In many cases the values are based on the current wiuingness-to- 
ay of individuais for ecosystem services, even thouxh these 

~~ ‘ 
response functions. This is aùnost certainiy not the case. Therefori 
this valuation yields an underestimate of the total value. 
(6) Extrapolation from point estimates to global totals introduce: 
error. In general, we estimated unit area values for the ecosysterr 
services (in $ha-’yr-l)  and then multiplied bythe total area O: 

each biome. This can onlybe considered a crude first approximation 
and can introduceerrorsdepending on the typeofecosystem servicf 
and its spatial heterogeneity. 
(7) To avoid double counting, a general equiiibrium frameworkthai 
could direcùy incorporate the interdependence between ecosystem 
functions and services would be preferred to the partial equiiibrium 
framework used in this study (see below). 
(8) Values for individuai ecosystem functions should be based on 
sustainable use levels, taking account of both the carrying capacity 
for individual functions (such as food-production or waste recy- 
cling) and the combined effect of simuitaneous use of more 
functions. Ecosystems should be abledo provide ail the hinctiona 
lited in Table 1 simultaneously and indefinitely. This is certatify 
not the case for some cment  ecosystem services because of overuse 
at existing prices. 
(9) We have not incorporated the ‘infrastructure’ value of ecosys- 
tems, as noted above, leading to an underestimation of the total 
value. 
(10) Inter-country cornparisons ofvaluation areaffected by income 
differences. We anempted to address this in some cases using the 
relative purchasing power GNP per capita ofthe country relative to 
the USA, but this is a very crude way to make the wrrection. 
( 1  1 )  in general, we have used annual flow values and have avoided 
many of the difficult issues involved with discounting future flow 
values to amve at a net present value of the capital stock. But a few 
estimates in the literature were stated as s tok  values, and it was 
necessary to assume a discount rate (we used 5%) in order to 
convert them into annual flows. 
(12) Our estimate is based on a static ‘snapshot’ ofwhat is, in fact, a 
complex, dynamic system. We have assumed a static and ‘partial 
equüibrium’ mode1 in the sense that the value of each service is 
derived independenùy and added. This ignores the complex inter- 
dependencies behveen the services. The estimate could also change 
drastically as the system moved through critical non-iinearities or 
thresholds. Although it is possible to build ‘general equiiibrium’ 
models in which the value of ail ecosystem services are derived 
simultaneously with ail other values, and to buiid dynamic models 
that can incorporate non-linearities and thresholds, these models 
have rarely been attempted at the scale we are discussing. They 
represent the nexi logical step in deriving better estimates of the 
value of ecosystem services. 

We have tried ta expose these various sources of uncertainty 
wherever possible in Supplementary Information and iu support- 
ing notes, and state the range of relevan: values. In spite of the 
limitations noted above, we believe it is very useful to svnthesize 

idividuais may be ili-informed and their preferences Lay not 
adequately incorporate social fairness, ecological sustainability 
and other important goals16, In other wordt, if we actualy lived in 
a world that was ecologically sustainable, sociaily fair and whcre 
everyone had perfect knowledge of their connection to ecosystem 
seMces, both market prices and surveys of wiliingness-to-pay 
would yield very different results than they currentiy do, and the 
value of ecosystem services would probably increase. 
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existing valuation estimates, if only to deteimine a cruge, initial 
magnitude. In general, because of the nature of the limitations 
noted, we expect OUI current estimate to represent a minimum 
value for ecosystem services. 

Total global value of wosyrtem sewI~.s 
Table 2 is a summary of the results of our synthesis. It lists each of 
the major biomes along with their current estimated global surface 



ares, the average (on a per hectare basis) of the estimated values of 
the 17 ecosystem services we have identified from Supplementary 
Information, and the total d u e  of ecosystem services by biome, by 
s&ce r/pe and for the entire biosphere. 

we estimated that at the current margin, ecosystem provide at 
leut USS33 trillion dollars worth ofaervices annuaUy. The majority 
of the value of services we could identify is currently outside the 
market system, in services such as gas regulation (US$1.3 
: , ; i h  y-'), disturbance regulation (USS1.8 trillionyr-'), waste 
greatment (US$2.3 trillion yr-') and nutrient cycling (US$17 
trillionyr-'). About 63% of the estimated value is contributed by 
marine systems (US%20.9 trillionyr-'). Most of this cornes from 
coastalsystems (US$10.6trillionyr-'). About 38% ofthe estimated 
value cornes from terrestrial systems, mainly from forests (US$4.7 
t ra ionyr- ' )  and wetlands (US$4.9 trillionyr-'). 

We estimated a range of values whenever possible for each entry 
in Supplementary Information. Table 2 reports only the average 
values. Had we used the low end of the range in Supplementary 
'-;-,:mation, the global total would have been around US$19 
:r,c:on. lfwe eliminate nutrient cycling, which is the largest single 
jervice, estimated at US$17 trillion, the total annual value would be 
around US$16 trillion. Had we w d  the high end for all estimates, 
alon. with estimatine the value of desert. tundra and icelrock as the 

ecosystem services affects private goods traded in existing markets, 
which would be induded in measures such as GNP. This is a subset 
of the services we estimated, so we wo4d expect this estimate to 
undervalue total ecosystem services. 

The results of both of these studies indicate, however, that OUI 

current estimate is at least in approximately the same range. As we 
have noted, there are many limitations to both the curent  and 
these two previous studies. They are all only static snapshots of 
a biosphere that is a complex, dynamic system. The obvious nexi 
steps include building regional and global models of the linked 
ecological economic system aimed at a better understanding of 
both the complex dynamics of physicaübiological processes and 
the value ofthese processes to human well-bein$*. But we do not 
have to wait for the resulü of these models to draw the following 
conclusions. 

Dlscusslon 
What this study makes abundantly clear is that ecosystem service, 
provide an important portion of the total contribution to h u m a  
welfare on this planet. We must begin to give the natural capita 
stock that produces these services adequate weight in the decision. 
making process, otherwise current and continued hture  h u m a  
welfare may d ras t idy  suffer. We estimate in this study that thi 
annual d u e  of these services is US$16-54 trillion, with a 
estimated average of U S 3 3  trillion. The real value is almosi 
certainiy much larger, even at the current margin. U S 3 3  trillior 
is 1.8 times the current global GNP. One way to look at thb 
comparison is that if one were to try to replace the services 01 
ecosystems at the curent  margin. one would need to increase global 
GNP by at least U S 3 3  trillion, partiy to cover services airead) 
captured in existing GNP and partly to cover services that are no1 
currentiy captured in GNP. This impossible task would lead to nc 
increase in welfare because we would only be replacing existing 
services, and it ignores the fact that many ecosystem services art 
literally irreplaceable. 

Ifecosystemserviceswereactuallypaidfor,intermsoftheirvalue 
contribution to the global economy, the global price system would 
be very different from what it is today. The price of commodities 
using ecosystem services directiy or indiredy would be much 
greater. The structure of factor payments, including wages, interesf 
rates and profits would change dramaticaiiy. World GNP would be 
very different in both magnitude and composition if it adequately 
incorporated the value of ecosystem services. One practical use 01 
the estimates we have developed hdp modify systems of 
national accounting to better reflen ue ofmsystem services 
and namal capital. Initial attempts to do this paint a very different 
picture of OUI current level of economic weifàrethan conventional 
GNP, some indicating a levetling of welfare since about 1970 while 
GNP has continued to increase'"''. A second important use ofthese 
estimates is for project appraisai, where ecosystem seMcesJost must 
be weighed against the benefits of a specific project'; Because 
ecosystem services are largely outside the market and uncertain, 
they are too often ignored or undervalued, leading to the error of  
constructing projects whose social costs far outweight their benefits. 

As natural capital and ecosystem services become more stressed 
and more 'xarce' in the hture, we can only expect their value to 
increase. If significant, irreversible thresholds are passed for irre- 
placeahle ecosystem services, their value may quickiy jump to 
infinity. Given the huge uncertainties involved, we may never 

- ---O " 
average value of ranaelands, the estimate would be around US$% 
iriuioi. So the total range of nnnual values we estimaied were from 
LiS$16-554 irdlion. This is noi d hure rance. but other sources of - " .  . ~ .  ~ 

uncertaintylisted above are much more critical. It is important to 
emphasize, however, that despitethemany uncertainties includedin 
+is estimate, it is almost certainiy an underestimate for several 
:.:,ans, as listed above. 

There have been very few previous attempts to estimate the total 
global value of ecosystem services with which to compare these 
results. We identified two, based on completely dfierent methods 
and assumptions, both from each other and from the methods used 

One was an early attempt at a static general equiiibrium input- 
output model ofthe globe, including both ecological and economic 
processes and c~mmodities"~'. This model divided the globe in to 9 
inixnodities or product groups and 9 processes, two ofwhich were 

'1 , imic' (urban and agriculture) and 7 ofwhich were 'ecological: 
.,i;iuding both terrestrial and marine systems. Data were from 
dbout 1970. A i t h 0 4  this was a very aggregated breakdown and 
the data was of only moderate quaiity, the model produced a set of 
'shadow prices' and 'shadow values' for all the flows between 
processes, as well as the net outputs from the system, which could 
be used to derive an estimate ofthe total value ofecosystem services. 
The input-output format is far superior to the partial equiiibrium 
format we used in this study for differentiating gros from net flows 
.ilid îvoiding double counting. The results yielded a total value of 
!h !>et output of the 7 global ecosystem processes equal to the 

:..j'.ivaIent o f U S 9 . 4  trillion in 1972. Converted to 1994 US$ thii is 
about $34 trillion, surprisingly dose to OUI current average esti- 
n u e .  This estimate broke d o m  into US$11.9 trillion (or 35%) 
from terrestrial ecosystem processes and USS22.1 trillion (or 65%) 
from marine processes, also very close to OUI curent  estimate. 
Wxld GNP in 1970 was about $14.3 triilion (in 1994 US$), 
indicating a ratio of total ecosystem services to GNP of about 2.4 

I in this study. They thus provide an interesting check. 
~ 

10 1. Thecurrent estimate has a corresponding ratio of 1.8 to 1. 
h more recent stud9' estimated a 'maximum sustainable SUIRIUS' 

. d u e  of ecosystem services by considering ecosystem services as one 
.iii?ur to an aggregate global production hnction along with labour 
~ i i d  manufactured capital. Their estimates ranged from USS3.4 to 
L'SJ17.6 trillion yr ', depending on various assumptions. This 
dpproach assumed that the total value of ecosystem services is 
h i t e d  to that which has an impact on marketed value, either 
directly or indirectly, and thus cannot exceed the total world GNP of 
about UsSi8 trillion, But, as we have pointed out, onlya fraction of 



KNOW YOUR COPY RIGHTS I 

R E S P E C T  O U R S  
T h e  publication YDU are 

reading is protected by 
copyright iaw. nUs means 

that the pubiisher couid take 
you and your employer to 

Muri and chim heavy legai 
damages if you make 

unauthonsed photocopies 
from these pages. 

Photocopying copyright 
materiai without permission 
is no different from steahg 

a magazine from a 
newsagent oniy it doesn't 

seem iike theft. 

T h e  Copyright Licewing 
Agency ( C U )  is an organisation 

which issues licences to bring 
photwopying widun the iaw, It 
has designed iicensing services 

to cuver ail kinds of speciai 
n e d s  in business, education. 

and govemment. 

if you take photocopies from 
books, magazines and perioùicais 

at work your employer shouid 
be iicensed with CLA. 

Make sure you are proteded by 
a photmpying licence. 

Fu: 0171 436 3986 I 


