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1. The Issue

Tine Tate of the tropical forests is currently an issue of major
international concern. Televisier and Tilm images of burning

forests as they ars Cleared for agriculture, reoad bouilding,

timber extraction and industrial development abouad. Most of the

appesls to  ‘save fthe rain forest” are esotionally directed and
gim to raise {funds to secure outright protection, especially
where indigenpus pEcples are present, or to assist with
sustainable ases gf the forests. While such campzigns  asre whaliy

undarstandaible and generally justifiable, there are other
pressuare  peints in the world economic system  which promise

oreater efficacy of action. Ey and large. these invalve

demnenstraling o governments and  internatiomal agenties, in the
rich and pogr world alike, that tropical forests have sconomic
values when they are Cconserved and utilised sustainably.

Moreover, these gconomic values could be significantly greater
than the alleged “development’ values derived by destroying these
unjigue assesic., THe purpose of this paper 1s To outline an-
approach. to the economic valuatign af Yrapicail farests: and to-
illustirate 1t with examples. of ihe kinds of anti-canservation.
bias thaf exists. in prevailing systems of economic incentives..

There arg various land use options for tropiczsl forestis. They can
e "ieft alane’. If no human use of the farest land is permitted
at alt, we might refer toc this land use option a&as preservation.
Maimtainang the forest stock in broadly its original state bot
allowing human use of it can be defined as conservation. Thers
will Be a froad spectirum of conservation optichns. Limited
selective logging might be permitted with sobseqguent natwral or
managed regensration of the removed timber. Faresit products, such
as latey produciion @F rattan gathering, might b2 " hnarvested’
without removino timber stock. ﬁgriﬁultural' tlearance an A
"shifting cultivation® might be practised with {fuil regeneration
af the TForest heing allowed as & new plat is exploited. Some
experis would not regard shifting cultivation as a conservation
apltion: the terminology is not universally agresd. Bubt the basic
idea remazins that conservation involves use without there heing
significant destruction of the forest ecosystem. Above all, any
usm  option that produces irreversible effects 1= nobt a
com=a2rvalion use opf the Yand. ~Developonent” cptions wauld then
include clearance for agricultural ase without any intent of
securing regeneration, clear—felling af timbe+ withaut
regeneration, remaval of the forest Tor use of the land for
infrastructure, .9. a road or mining or industrial develiopment-
By and large, develogmanlt opptions preclude the regeseration of
the Tareskt because of damsge to forest soils arising from the
development programn2’s Juse of the land. This not inevitable, but
it is wvery lilkaly. '
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Z- The Rate of Defarestation

Glob=i cancern about the rate of +tropical deforestation
accelerated in £he 1980s. Data for all types of forest are
approximaie. Different squrces use different definitions of
"trapical forest® and different definitions af ‘deforestation”,

but amnual! rates of deforestation at the end of the 1980s apaosar
ta be somewhete between 14 and 17 million hectares per anfaum
Table 11. hepending on how forest area is defined, this rate of
deforestation may be come 1.8 —Z_.2%4 of the Femalning area of
tropical forest (taken to be same B million k=, or 800 million
hectares}). Although comparisons are difficult because of changing
definitions, deforestatinag rates may  hHhave kean running at far
less, around €.6% pua., In the late 1970s.

The focus of atiention on tropicai forests has arisen because of
tha sheer diversity of functions which they serve, the unigueness

of primary forest in evoluiionary and ecological termsé'éﬁd the
aFfcelarating thweat to their existence. In the briefest of term31£  

Tirapical Toresis: gas

are the homeland of many indigencus pecples, some practlslng
shifting cultivation ' s '
provide the habitat for extensive FTauna and “¥lara
{biodiversity), whigh are

— waiuved in itssif

— walued for educational purposes

~ valued Taor crop—breeding purposes

- valued for medicinal  purposes,

supply hardwood timber,

sugply other forest products such as  fruit, nuts, latex,
rattans, meat, honey, vresing, oils ete.,

provide a recreational facility (e.g. “ecotourism’)

pirotect watersheds inr fterms of water retention, flow
regqulation water gollution and organic nutrient cleansing.

act as & store of carbaon dioxide so that, while no noet gains
in the flow of carbon diaxide accrue (o cIimax farests,
Carbon diaxide is released, and a cost  ensues, Lf
deforestation ocrurs,

fix carbon in secandary forests and in refoceated areag,

sarve a possible regional microclimatic funcbion



TAELE 1 RATES OF TROPICAL DEFORESTATION, 1980s

- Rates of Deforestation (million hectares p.a.)

Cloksed Forest Gnly

Late 1970={1i} Hid 1920=(2) Late 19805(3}

S.America Z2.67 F_6504) &.H3
C.Amarica Coi-01 1.07 1.0F

ATrica 1.02 1.08 1L.38

fsia i-82 I.10 q4_23
Oceania. - 0.02°  0.02 Q.35

FTotals & a0 14.9G i3.8s
Adjusted Tatal{d] n-a 15,29 14,22

X of remaining

forest .4 n.a 1.B-2.1

Motes and Source=: (1} Lalte 1270s daita for the 34 counkries
covered  in fhyers {sma belaw) from Food and Agriculfure

(frganisation, Tropical Farest Aesources, Rome LY81.

{2} Various years ta 17B4, taken from Warld
Fesoucrces Institute, World Resaurces 1220-19%91, Oxford University
press, Oxford, 1990, Table 19.1. In turn, the estimates are based
on FAD sources,. including an update  for som@é countries of the
1781 estimates, and some individual sSources. Note that the
estimates cover closed forests _only. Closed forests refer to
dense forests  in which grass cover is small or non-existent due
to low light pemeiration through the farest cadopy.

{3) W.Fiyers, Defgrestation Rates in Tropical

Forests and_ Thelr Climatic  Implicatiang, Friends of the Earth,
London, : Decamber  198%. Hyars’ estimates caver 34 countries
accaounlbking for F7.53% of the extent of Uropical forest in 198%.
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{4} This Tigure appears aout of line with other
gstimates and is  accounted for meinly by a2 single cauntry—
Brasil. Whereas Myers estimates 3 willion ha. p.a. loss for
Brazil in 1989, the World Resources [nstituete Tigoure for mid
1780s is some B8 miilion ha.p.a. Tor closed forest loss.

(3} tyers ectimates that 40 other countries
with s=mzali  tropical forests sut farad deforestation rates
tartalling Q.54 million Ra.p.a in i989. We have ‘grossed up” the
kaorid reESouUrCEs Institote Tigures Lry the same Tactor

(14.22/13.846) 10 ensure comparability.

A1l tiresm functions are economic fTunctions because they
cantribute te human welfare either direcltiy or indirectly®. The
is=ue Lo be addressed is how o deisrmine the " total economic
wvalue® af a tropical forest. The issue 1is  important because .
decisions about the use of tropical forest land are currently
made in the context of an imperfect understanding of the total .
functions of the Fforest. Even if the functions are becadly
understood . only some of ' them enter into the eronomic caleculus
that detfermines land use. In particular, the direct ise valuses
ftimber. agricultursl land) dominate 1and use decicsions and the
wider snvironmental values are neglected. The resulting asymmetry
of wvalues @xplains much deforestation and its analysis indicates
someE policy instruments for beiter forest management.

Fa Tofal Economic Yalue

On= appraach to degisign—making about ropical forest ase is the
cosi—benetfit appraach {CBA). Under ChA, decisions to ‘develop’ a
ropical forest would have +to demaonstrate thalt the net henefits
Trom development exceed the net benefits  from "conservation” .
Covelopment here is tabken to mean some use  af the forest that
would be inconsistent with refection of bhe forest in abt least
approximately  its natural state. Conservalion could have bwo
dimensians: preservation, which would beg formally eguivalent to
outright non—use of the resource, and conservation which would
invalve limited uses of the farest consistent with retention af
natural forest. The definitions are necessarily Tuzzy. Some
peogle would argque, for example, that ecotourism i=s not
consistent with sustainable conservation, others that it may be.
ficcepting the lack of preciseg lines of differentiation, the CBA
rale would DbDe ta develop it and only if:

OEWVREM — DEVYCQAST 3 COWsSpEd - COMSCOST L1y

That is, the developmeni benefits minus the development costs
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musit be greater than the benefits of conservation minds the costs
of conssrvation. Rearranging (1), we haved

DEVEREN — DOEYVCCOST - MNetCONSBEM > O (2]

1t is not sufficient, therefore, for the net benefits of
development to Qe pasitive. The forgone net benefits of
conservation must also be subtracted from et develapment
benetits™. '

Typically, development benefits and costs can be Tairly readily
calculated because there are attendant cash Tlows. Timber
productian, for example, tends to be for commercial markets and
mar-ket prices are observable. Canservatian benefits, on the other
hand, are a mix of assoriated cash Flow= and “non-market’

benetits. This fact imparts two biases. The Tirst ig that the
components of ineguality {2} wiith assoriated cash Tlows are made
to appear more ‘r=al’ tharn those without such cash flaws. There

ic "misplaced concreteness’ and decisions are likely to be biased
in favour aof the development option because conservation benefits
are nglt readily calculable. The sercond Bias follows from the
first. Unless incentives.  ars devised  whereby the non—market
benefits are " internalised” into  the land. use choice.mechanismog
consarvation benefits will automatically . be: downgraded. Very
simply. those who stand te gsin from, say, timber extraction or
agricultural clearance cannot consume the non-markeited benefits.
This "asymnetry of valuss® imparts a considerable bias in favour
of the development option.

COMSEENM in iLnegualities (1) and (21 is measured by the toisil

ecanomic value of the tropical forest. Total economic value (TEV)
for a tropical forest is explained in Table Z. TEV comprises uge
and non-usse wvalues. Conservation is consistent witih Some

sustainable uses. of the farest: iIncluding sustainable timber
harvesting.




TABLE 2

Total

Us=se Value

0 -— ——
{11} {21

Pirect + Indirect

Vialue Value

Sustain-

able

Timbetr

e — Mutrrient

Timbher Cvcling

Froducts

Recre— Hatershned

ation Protection

Medic— Air Poll-—

ine uticm

Reductian
Plant Micrao—

Genetics climate

Educat-

10

Huan
Habitat

TOTAL ECONOMIC WVALUE IN THE TROFPICAL

Economic Yalue

{4}

+ Option fBuasi-—
Value Option
Vaiuel
Future
Uses
S5 per
(L} +{2)

FOREST CONTEXT

Man—U=se VYalue

T

{3}

+ Existence

Yalue

Faresis
as;abject of -
intrinsic .
value, as aF ¥
beguest, as =

a Tt to
others; as a
responsib—

ilitw
{stewardship)
Includes

cul tural and
heritage
values.

Dirgct use walues are fairly straightforward

in concept

bhut are

not necessarily easy to measure Ln economic terms- Thus minor
farest products outpul should . be measurabile from market and
survey data, but the waluer of wmedicinal plants is extremely
difficuit teo measure. Indirect values correspond ta the
ecalogist s cancept of “ecological functions’ and are discussed

furtiher below.
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Opgtion valugs relate to the amouwil thet individuals would be
willing to pav Lo canserwve a traopical forest for Tfulare use. That
is, no use is made of it ngw bBut use may be made af it in tha
future. dption value iz thes like an inswance premius to enhsure
the supply of something the availabiiity of which would otherwizse
be uncertain. While there gan be np presumption that option value
is positive it is likely to be so in the current context™,

Buasi—ggtion valuwe has alsao  been identified in the literature=.
QoY is the value of inTormation that arises between the choice of
conservation or developmenit now and development In the futures,

For example, the choice new for  the tropicail  farest may be ta
conserve it or ‘develop” 1it. I¥ congervation is chosen, the
choice in the nest period can be either: conservation ar

devalopment, But if development is chosen and irreversible change
occtirs, then only development can be chosen in the next period.
in between the two periocds information may arise which entances
the value of preservation, 2.9. & scientific discovery about sdme
of the flora and fauna. Quasi option waluse is  the wvalue of
iearning - about the future benefits that wouid he precluded by
development now- 1Lt will be positive 1if the inTormation depends.
on Lhne passage of fLime, as gne wauld expect it to be for tropical

farest functions. Huasi-option valus: gannot .be added to option-

value as they mEasure diftferent concepts.

Existence value reiastes to valuations of the environmentasl asset
urtrelated either ta current or cpltiana} use. ITks intuitive hasis
is easy to understand becauwse a great many pegple reveal their
willingness ta pay fTor the existence of esnviroomental assets
through wildlite and other environmental charities. Empirical
mzasures of existence waluve, abtained through questionnaice
approaches  {the contingent wvaluation method), suggest that
existence value can be a substantial component of total sconomic
value. This finding is - even more  pronounced where the asset is
unigque®, suagesting high patential existence values for brgpical
Torests and especially for iuxwriant moist forests.

From Table 2, then, total economic value can be expressed as:

TEVY = Direct Use Walue + Indirect Use Value + Option Value
+ Existence Waluse

it is impnrtant.tﬂ note tihnat the components of TEV cannot simply
ba aggregated. There are trade—affs petwean dfifferent types of

use  value and between direct &nd indirect uuse wvalues. In-

practice, lLhen, the TEVY approach has to be used with care.
We address pach component of TEV in tarmn.

T




4. Direct Use Values in the Tropical Foresh

Birect use walyss may be classified brgadly in terms of timberr
and nan—timber uses. Non-timber producis include fruits, nuits,
rattan, latex, resins, honey. and wildmeat.

(i3 Timmber.

Logging Tor timber can be consistent with conservation if the

timber management regime practises custainalrlle forasteyl
Sustainabie forsstry cansistent with ieaving the original
erosyetem broadly intact effectively reguires natural forest
managemeni, i-&. selectiva cutting combined with natural

regeneration. Traditionally, natural management regimes have heen
regarded as loss—making unlessas :

T

bicicgical growbih rates are very high

stumpage prices (i.e. log prices) are nigh
managament iz effective and =L minimuam cost -

the discount rate is low compared to typical comnmercial aod
aven official gavernment levelass,

This bita= explains the general absence pf csustainable natural
managenent systems in  fropical farestry?. Inefficiency arising
fraom governmeEntal interference is of considerable impartance ss
far #= high cost non—sustainzable management is concemned.

Table 4 shows song estimates of The financial profitabilify of
different fForestry sSystems in Indonesia. Six ragime=s are
compared. TFI is a sSelective cuiting system in which only the
largest cammercial brees (owver G0 cm diamefer at breast heightl
are taken. The wmanagement of TFI systems is crucial sipce
careless selecltive cutting can damage the residual stock,reducing
future harvests. In its ideal foria, however, it is a sustainabile
system. CHR is ‘“complete harvesting and regeneration’, i.ex
harvesting altl merchantable trees, Tfallowsed by natural or
enricihhed regeneration. INID is an intensive dipterocarp system

based on the idea of heavily managed plantations on clear—felled

land. FIRF refers to plantations of fast-growing species for
pulp. SAWT  refTers to sawlbtimber plantatiaons at 10 and 20 years
ratations respectively-. Environmentally, it seems reasonable to

rank TFI above CHR®. IMID is an urnfried system which may o may
not be environmentdlly betiter than CHR. SAWT and PULFE are boll
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prima facie snvironmentally undesirable since they are typically
Based on uniTarm plantings of non—indigenods species on cleared
land. However, such plantations on curvrently owantTorested land
couwld ke imporitant for ‘carbon—fTixing’ purposes (see below] .

Tatzle 4

Camparative Financial FProfitability

of Foreci Manzoeaent Svsiens in Inodonesia

{MNet Present Value:z: 1?7346 USts/Hectare)

Pismcount Rate: 5% &% 1ca
Fegime:
TPI 2705 2809 2177
CHR 24670 ZE9x 2333
INTE 2744 2203
FULF 2F24 Los?
SAMZO0 2419 2278
SAWLIG 21455 21350
Source”.
Table 4 swggests that, on financial grounds, rapid growth

plantations for pulp production are most desirabhle at an interest
rate at &a¥, and are equally ranked first ad a 10¥ interest rate.
Of the systems involving £he least ‘management” . the selective
cutting system is not favoured except at the low discount rate of
Si- Typically, rates of discount used {or project appraisal in
developing countries are 104 and sbove. Table 4 therefore bears
out the general presumpticon that catural management systems based
an  selective cutting are unprofitable compared (o managed
intensive systems and, perhaps,. clearer-cutting systems with some
natural regeneration. There are many cavezts to this canclusion,
haowever. First, the results are likely to be location — specific.
Serond, they relate to financial! proafitability and neot ko
gconomic worth., An economic  assessment would allow for “shadow’
pricing, i.e. a wvaluation proceduare that reflects the worth of
the investment to the economy a= a whale rather than to a forest
concessionaire*®. Third, the discount rate is seen to be erucial.
Shadow pricing may dictate a lower rate depending oo the nature
aof the rationale for discounting®**. Monetheless, a direct appeal
ta timber henefits is clearly a risky argumeat for defending the
sustainable use of tropical forests.
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{ii} Mon—Timber Produrcts

Mon—timber productis can be imporiant sowrces of revenue. 1n

Indonesia, for example, expgrts of non-timber foresi productg
rase from %17 million in 1973 fo %154 million in 19835, comprising
12 per cent of faorest export eardingsi=®. They rose fa $238

miilion 1n 19875, Exports of rattfan alene were $80 pillian in
1?85, Tropical forests also supply essential oils such as
Camphor cinnamon, clave and nmwtmeqg, a8 2 trade worth some %3
brllion p.a.'%, although most of the cutput of these products
Cowres from  plantations. It camnot be assumed that ron—timber
product exploitation is itselT free Tfrom environmental damage.
The manaogewm=nt record for many npon—titiber prodocts is hardly
betitar than that for tropical fimber®*® . fHnalysis of  feait and
Latex vieids in a one heckare plot of Peruvian Anazonian
rainforest suggests that nmon—-timber product revenues may actually
excegd ftimber revenueste. The results are shown in Table 3.

Table 5

Timber and Nop—Timber Revenues
i s Peruwvilan Bainforest {(Eguitas)

{MeL Present Value at S¥%: US5% per hectare)

Fruit and Latex HEED
plus Selective bLogging 420
Total HE20

Clear—Felling
Timbar 10400

Source: see gndapote 7

The implication «af Table 3 is that tropical forest conservatlion
wight be achievead by =iaple apgeal to financial profitability. It
is likely that much forest is wnnecessarily damaged becauss of a
failure to ilavestigate alternative  management regimes for
alternative ‘Ccrops” . But thevre are seaveral dangers ia
extragolating Trom a ong-hectare plot to entire foreses. Ficrst,
markets Tor non—timber products are very unlikely ta be that bBig-
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As production aof non—itimber products 2xpands so their prices are
likely to Tall. Second, the Peruvian cCcase considers a plot of
land near tao markets, whersas the major part of  the tropical
forest area will kKe distant Trom bthe market place, affecting
transpovt caosts. The analysis also railses an important question:
if it is privately protTitable to expgleit forests for nan—timber
products, wihy isn’ bt greater use made of them for this purpose 7
Fut another way., why dossn’'t the exercise of market farces
produce this result 7 '

The answer to thi= question reveals some of the most important

policies JTor consecving  tropical foresis. A4 great deal of
defarestation would be avoided Lf @arkets were allowed to
Tunctionr more etficiently. It is pecause of direct government

interference that the price signals are distorted, makiag timber
extraction and; more importantly, clearance {uswally by fired for
agriculture profitable. The fTorms taken by thi= interference are
wall established and include, in the ¢ase of Brazili= -

tax craediis wherely the costs of “investment’ in Torest land
clearance for cattle ranching can be offset against income
tany . '

subsidized credit for crops and liveatock development; o .

the building of road infrastructure to establish political
boundaries.

Equally important in the bias towards clearance is the status of
Land tenure. Forest dwellers freguently have no secure rights to
the land, so that outsiders can readily establisk  rights through
clearance. Indeed, in @many cases, clearance af the land is =2
prerequisite for claiming land cightsts, In the event of
campaieiiion  for rcignts, the agricultural colonisis invariably
win. Security of land tenure for indigenous peaples may be one of
the mos i important ways of conserving tropical Tarests.
Conferring security of tenure on colopists, however, acts like a
magret for outsiders to clear land for agriculture.

The social irrationality of forest clearance for rancting is
revealed by the fact thaty without subsidies, Brazilian beefT
cattle ranching revenues cover only about one—third of the costs
af selting up the ranches, as Table &4 shows*®. The subsidy systam
axplains wihry what i=s privately profitablie i=s =socially
unprofitable. " The combined costs af tax credits, subsidised
credit and the fargone timber revenuocsg fram forest destruction is
estimated to have been $4.8 bhillion between 19464 and 1983,




Tatble &

Cost Structure of Typical Beef Catile Ranch: Brazilian fAmaran

{LiS % per hectare over 5 year pariod, 1984}

Capitai Investment (% total)
tand cost 1.7 (15.11
Forest clearance L . (27 .53
Fasture planting 26.4
Fencing i%-4
fartle acguisifion o7 {37 .56}
fther 7.4
TOTAL 241 .8 CIC )

Operating Costs e E

Labowr 25.2 (15.13)

Herd maintenance 21.0 . i
FPasture maintenance 47 .3 {Z27.3} g TR
Infrastruciture Fda.3 {(42.9)

Otner 4.2 LT

IOTAL PFE.O §AG0 .00

TOTAL AlLL COSTS 514,06

TOTaL REVENLIES 112.5

Revenues as £ of Costs 27.1

Strurcer =eae sndnote 7

Government interference is not always a prime cause of
deforestation. In africa, for example, it is Ffreguently
government inagtion that allows others to explait Torests
wnsustainably.

(1zdi) co—Touricm Yaiuses

Tropical farests are increasingly attracting tourists searching
for adventure and/cr nature appreciation. Ecotourism promises to
bee & major developm=nt, comparsble to Lthe existing substantial
revenues earned in African countries from wildlitTe wviewing, game
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drives ete. Eurapean package "explarer’ holidays toc the Peruvian
fAmazon, Tor 2xample, gost avound £1300 (12300) pey person for 20
day==2_ In Costa Rica, Eruador, Fhilippines and Thailand, tourism
ranks among the tep five industries and brings in more foreign
exchange than timb=r and timber product exparts®', Thus, Costa
fiicea earned $L138B millign in what was mainly nature-based tourism
in 1986, Tourists arriving in  Hanaus, in  Amazenas State,
ingreased from 12,0600 in 1983 to 70,000 in 198B. TJTourism is
gipected to be the largest single sourceé gf income in Amazonas
State in the 1990s=2. The tourism potential of Central fdmerica
and Lafln America remains largely untapped=*, =%, Sglf-evidently,
tourizm to these countries cannot 211 be credifted +to forested
areas, but some unquestionahly is. Gdditionally, tourism brings
its ownt exteraal costs in the fore of pollution, over—cuxpasure of
wildlife to tourist wvehigcles. and so on.

One study suggests tentative wvalues for tourist benefits in the
Korup Forest in Cameroon®=. {0 fhe basis of assumptions about
visii rates from both tourists and researchers,  anpual net income
te Cametocn ance visitor rates have stabilised is put at £1i7,000
{arcund $180,000). Clgarly, the potential for scotourism depends

on Lhe availabilivty of infrastructure- {transport, accommodation).
ard. thus sgme countries:  are unlikely ¢o be able to. develop this

aspect oT " forest use.

{iv]) LHses af _Wild Flors and Farcma

Tropical foresis act as the habitat for an enormous var-iety af
species. Mzat production from «ild animals in Peru amounted to
song 13,000 tonnes in 1976%%, while fish and game camprize arocund
BO—B3XE of all animat protein intake in the lowland Amazon regilon
gutside of urban centres. Legal exports of hides and skins from
Feru amounted to 3 miliion and 1/2 million respectively between
1963 and 1976%7. Yhe frade in live animals iz significaant and,
sadly, non—sustainable due 1o excessive exploitation. As with
tourism, there are frequently fine distincltions between what is
and Is not sustainable.

Tropical forests act as the source of genetic matecial for madern
foad cragps. Cross breeding with wild varieties is ecsential £o
resist diseases and pests. One authority suggests that such cross
breeding has already saved sugarcane, bamnana and cocoa crops from
majior damage®®. Tropical forests also houseE many insects that acre
the natural enemies of plant—damaging pests, and plant chemicals
that are used as insecticides. MNe reliable estimates of
willingness to pay for  fropical forest genetic material are
available, and the informational needs for  securing  such
estimates may be substaniial relative to what exists in codified
form™7. Lertainly, & valuation exarcise should not be coanfused
with sSimply looking at the value of the final produck.
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The valuatiaon problem is  also  formidable in respect gi the
pharmaceutical use of tropical forest species. There is a ong—in-—
four chance that gtartpaini materials for prezcribed drugs have
their arigins in tropical forestsT2. But calculations gf the
market value of the prescriptians bought for such drugs is not an

estimate of the value of the plant ased to manwfacture the drug.,

A number af estimates of the martet value of plant—based drugs
have besn made™*, But what if required is the price which drug
manufacturers would be willing to pay <Tor the plant material,
pius a measure of Cconsumers’ net gains fram such drugs relative
fto 3 substitute. The role of substitutes for plant—based drugs is
fhus crucial. rany moderrn drug manufacturers tend tg focus more
on the produciion of syntheiic drugs using recent advances in
molecular bialagy and biotechnclooy™ . FPuait ancther way, their
willingness toa pay for retention of tropical forests a=
repositorises of pgtential pharmaceuticals could be very Iow.

One study has approacted the value of genekic infurmatiﬂnhin the
Korup Rainforast, Cameroon by assuming that the value of patents
can be applisd ta a “guesstimated’ ounmber of research discoveries

in the forest area™ . fAssuming 10 such discoveries per year and -
an averags patent value of £3000 ($8000), annual benefits could:
be £36,000 ($80,000), of which Cameroen would, of course, captufie’

oniliy a fraction.

J. Indirect Lise Values

The ecplogical fumctions of tropical forests are many . Yaluzation
procedures tend f{to bhe Tocussed an either ‘damage done® ar “cast
oT replacement’ . Thus, removal of a fropical forest that protects
a watershed can recult in scil &arcsion, downstream sedimentation,
and increased  Tloaods. The damage done would then be 3 measure of
the wvalue of the watershed protection function since such damage
would be  svopided by conserving the foresti. ARlternatively, 1T the
damage occurs, the expendituare on  reconstituting fhe affected
area would be a measuwre of the protection function. If the damage
cannot be reconstituted, it may be necessary to  invest in
replacing the protection function. However, replacement cost
approaches nesd to be uged with caution. Implicitiy, they assume
i1t is wWorthwhile to make the replacement, i.e. that the benefits
fram tveplacem=ail axcesd the casts =1 replacement.  But
replacements rcosts are being used to value the benefits of
replacement, a procedure which automatically produces benefit-
cost ratios of unity.

(i} Watershed Effects

The nature and extent of losses of ecological functions from
deforestation are disputed. Hamilton provides a survey of claimed
watfershed effects and the empirical evidence for their existence,
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but athers dispute Hamiltbton's assessmeEnt=*, Table 7 summarises
Hamilteon s survey. &n issue of importance is that ecolegical

impacts depend upan Lihe wuse to which deforested land is put,
i.e.the paiture of the agricueltural system if conversion is fo
agriculture, the nature of fhe logging regime, and  so on, The
argument is that forests are not uvRigue ia thelir watershed
protection functions, and hence deforestation per  se does aot
praoduce adverse gffecta. Rather 1t i=s the nature of the
succeeding land—use that wmatters. In theory i1t is perfectiy
possible for Torest glearance to have limited or negligible
wvatershed effecis, s2.g0. through allowing =0ils to sefure & cover

of grasses and shrubs. in reality, the forest clearer is aoften
the same agent that subseguently wuwses the farest soils in an
environmentaliy damaging way. &.3. far gattle ranching or

dgricul ture.

Table 7

HBamilton ' s Assesament of Erological
Impacts of Tropical Deforestation

Impact- bAgsesoment

Feduced rainfali i o evidence to supporit this claim.
Fossible exception of Amazaon rainforest
recycling=® 1{ permanent and large—
acale deforestation ocour=s. Fag and
floud forests da increase rainfall.

FEedured water

supplies, reduced . Claim based on idea af forests as 3

floods ‘sponge’ — taking in water in wet
season and releasing slawly in dry
season . Farests more like “pumps’.

CTutting tends to increase water
supply . But conversion o agricultbtura
can lower water tables and reduce dry-—
season civer Tlow-

Soil erosion and
Sedimentation : Both effects result from conversion to
Cagricultural systems that themselves

ace unstable. Traditianal shifting
agiticu]l bure is pofk implicated in such
damage but modern slasl—and-burn
technigues (' foreslt farming’ ! are
unstable.

i
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Fuitenbee® estimates the value of forest protection for inshore
fTisheriesz in the Korup region of Cameroon®7 . This comes to soms=
FE.B millian in present walus terms (at 8% disecount rate). Flgod
conirol penefits arg similarly estimated at £1.6 million.

(ii) HNutrient Cycling

Figure 1 shows a typical natrient cycling diagram for a tropical
forest. The "Cs* vefer to ‘coampartments’ and the arrows to
fluxes. The nutrients in guestion include calciwm, magnesiuam and
 potassium which are "bound’ to solil and water, and elements such
as nitraogen which are interchanged with the atmosphere. Nitcogen,
phosphorus, potassioum and, te some extent, calcium, are stocked
in  the Dbipmass. Litterfall is  thus critical in cycling these
nutrisents through rapgid decompositian and take-up through
mycarrhizal asspciations. The carbon and sulphur coycles are
cansidered separately below.

FIGURE 1 NUTRIENT CYLLING IN TROPICAL. FORESTS
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The significance aof nulrient cycling for the valuatiaon problem ig
twatolid. First, disturbance af (ke forest system releasgs the
Autrients into ' aguatic sSystems- Irnr traopical fTorests drainage
water into the aguatic svstesm is typically low in nutrients,
Getorestafion and; wmore generally, cpeEning of the canopy,., causes
a nutrient putflow which Atself can gQive rise ko poliuvtion of
river and coastal ecosystens=2. Second, and Far more significang,
Rawever, the outfiow of nudrients arigsing from deforestation
means that the prodouciive capacity of the previousiy forgsted
area is seriously reduced. Forest soils atre low in nutrients and
this explains why cleared forest land will often sustain anly
limited livestock and crop production without substantisl
additions aft artificial fertiliser. In short, “ouirient lock-un’
tends o impase an  irrevercihility on the spectrum of land uses
subsequeni to deforestation.

{ii1i} Earbhon Cvciling and the Greenhouse Effect

In the praocess gf  photosynthesis, arogwing foresits "fix" Carbon
difguide and give off oxygen. (Once  grown. forests . no longer
accumuliate carbon: from. the atmospherel Mature forests- are ssid to
be in a state. . of {approximate} "carbon eqailibriuvm”, i.e. thay
‘release as much CO2  as they. abeorb. {(The  norihern nemisphere’ s
temperaie and  boreal Torests may actually exhibit z sliight net
Tiwation of carbon, but tropical Torests may safely. be regarded
85 being in carbon equilibrias it they are mature, ass would be
the case Tor the remaining primary forest). Hubt while the rate of
carbon erxchange with the atmosphere Is zero for mature tropical
forests, these fTorests “lock—up’ or ‘sequester’ carbon a5 a
stock. This distinctign i important since 1t means that
deforestation will selease CO02 inta the atmosphere and thus
contribute to  the ‘gresnhouse effect”. indeed, defarestation
releasass aother greenhouse gases such as methane. Tropical forests
aré majgr stgres of carbon and hence the use made of tropical
forest land, and of the timber on the land, is an important
factar im global warmimg. :

It is imporitant to distinguish what it is that is being wvalued
when talking of the ‘carbon fixking walue’' of a tropical forest.
The coptext is best wviewed as ane of the costs and benefits of
alternative land use., Consider twa basic options, to coaserve
tropical Tarest and to clear it for agriculiure.

By conssrving a mature carbon-equilibriuam forest, any carbon
relgase assaciated with the alternative land  use
{agricultare} is awvoided, and hence the damage associated
with that carbon release is avpided. It is legitimate, then,
Lo gpeal. of fhe Torest as having a ‘carbon cvredit’ egqual bo
the avoided damage.
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Iy clearing the Toreslk for agricual ture, deforestation oceurs
and carbon {and other pollutant) releases occur . The damage
associated with bhat carbon  release is therefare a “carbon
debkit’ to that particular forest land use.

Howevary, 1t 1is not legitimate bobth to ascribe a credit to the
conserwvalion @ption and a dehit to the clearance option. That
wouliac be double—counting since the credit and debit are the
obverges af gach pither. Eifher, conservation s gredited with
ctiamage awvoided, or the agriculture oapiion is debhited with the
damage done oy deforestation.

A& Turther compRlication i= that the credit or dehit depends orr how
the timber is removed, how it is subsegquently used, and haw the
deTorested land is subsegquently managed=~. Clearance by burning
will bz asgaciated with a4 “total” release of CG2, i.e- therae ares
no offsetting credits in Ee2rms of the use made of the timber. But
if the land Ls supgsequently managed in such a way that carbon is
once again  fixed, Tor sxample by grassland, then +that rate aof
fixation has ta be offset against the loss of carbon from

deforestation. Typically, Tarests contain 20-100 tﬁmeg more:.
carbonr per wunit of area than agricualtural lands. Thus fthe offset i
due tg Subsequant land use wWwill bae far from sufficient Wto of fsBis
totalily the loss from deforestation through clearance.. The same @

goes for any ‘downstream” ireappearapnce of carbon: by Tar the
areater pari of releassed carbon gges intoc the atmbsphere. :

I¥ the forgst is clear—Ttelled and 31l the timber is used tg makm

long—lived wood praoducts (housing Limbhers, furnituare, Tor
example ) then Ehe act of defagrestabticon may cause wvery Litile
carbon release because the carbon remains " locked wp® in the
timber products. This is  ‘product carbon offset’ . Subsequent

land-use may then fix some carboa, so fthat the averall effect of
detforestation on rcarbon release could be very small, rero. or
gven, possibly,. negative. This second kind of offset is ‘land use
carbon offset” -

In Tfact, taking a gleobal view, most deforestation occurs through
direct clearance gr incidental damage. The =arly 1987 estimates
of deforestatzan suggesited +that some 11-1 m.h-p.a of tropical
forest Were being lost. OF khis, 7.3 m.bh.p.a wers being cleared
directiy for agriculture, uswally by burning, ard a further 3.8
m-h.p.a. were cleared for sSome <omblination of agriculture and
fuelwoond - Selgctive logoing togk place an a further 4.4 m.h.p.a
and, while selective lagging 1is, in  principle, consistent with
regenaration {and hence little change in the carbon staore gver
timel in practice it tends to be associated wWith extensive damage
to the remaining tree stacks and hence produces carbon releasen™.
While the extent of net carbon release will be location—specific,
in terms of the overall rate of deforestation it is fair ta
sugiest bthat tEhere is  little "praduact carhaon offast’ o the
carban releases caused by deforestation-. Both the *land—use

i,
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agffset’ and the "producik oftaet” tend to be allowed for  in the
petlter stuwdies af carbon releasse™t.

Taking the variauws aofisets inita accownt, carhon eaissians for
1980 due to deforestaticon have been estimated to lie soamgwhers in
the vange 0.4 — 2.9 = 1G2*2g, i.e. G.4 =~ Z.5 gigatonnes p.a. {1052
g = 4 billiogn metric tonnes = | gigatoone) 7=, withh a mean figure
of 1.8 gigatonnes p.a. FThis compares with fossil  faeld TO2
releases of S5.3% gigatomnnes in  1984. OFf this ftotal of 7-1
gigatonnes around half remaing in the atmosphere, the rest being
absorbed by the oceans and other sinks, making a nelt accretion of
some 5.4 gigatannes in the atmosphere. Tropical deforestation may
therafare be cantrikuting about 253 per cent of E£02 emiscions
which, in ftwrn, contribute perhaps half of the total gresnhouse
gases. Troapical defogrestation wmould therefore contribute some 10-
i%E per cent of all greenhouse gas emissions.

More recent esstimates suggest that rates of deforestatian have
increased |see above Section....¥, and carben released could ©e
sobmes 2 — 3 gigatonnes p.a-"%.

Two issues arise: (&) whait "carbon. credit’ shooeld be given to.
tropical farests fTor their . contribution.to awvoiding the global
warmihgfimpacts-"nf:dEfDreﬁtatiDﬂ;-i;e.fWHat is £the carbon credit.
ta conservation and hence the carbon debit to clearance, and (b}
what contribution gcould aTftorestatign make o containing the
greenhause  effect 7 s :

(iii — 33 LCarbon Credits

inn line with fhe ‘“damage avoided®™ approach +o valuaiion, a
fropical Torest Sshauld be credited with the wvalue of glabal
warming damage Svoided by its conservation. Same monetary

gstimates of global warming damage exislt, and they suggest that
the damage done, mainly in terms of sga~leve] rise, could be some
$13F per ftonne of carbonr®t.

Tatrle 8 shows some recent estimates of rates aof deforsstation and
the resulting carbon releases for a single year, 1789, Most of
the carbon release from deforestation oceurs 1 the First five
yEars. Fooussing on a single yvear therefore understates the total
carbaon loss since release occurs beyvond the =single yesar. But the
analysis helps to illustrate the orders of magnitude of caost
iRvolwved.
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Table B

Deforestalion Rateg and Cacbon Release, 1787

Country Rate of betarestation Carbon Release tarbon Releases/
imilliaonr fi&) {m.t.C) HeTorestation
{tC/ha)
Frazil 5.0 454 2a.8
indonesia 1.2 124 103, =
Vietnam 0, E0 5 1G2.9
Bolivia G.15 ig FILE
Guvanas .05 4 80O
Z4 Countries ix. 86 i.398 oo, 9

Source;: adapted fram R.Hoaughton, "Emissions of Greenhﬂuée Gasas” |
in MN.Wyers, DBDeforestation Rates in Tropical Forestsand Their
Ciimatiec implicatigns, Friends af the Earth. London, 1290! i

Tahle 8 indicates that, on averaqe, defareststion of one hectars
af land contributes some2 102 tonnes carbon to the atmosphere in a
singie year. At some i3 per tonne damage, it follaows that
deforgstation causes damage at &2 rate of some %1300 per hectare.
In reality, the damage is higher than this bHecause af the fTact
that carbon release continues atter one year.

{1i1i — b)) The Carbon Velwue of Afforestation

Sedio has suggested that one hectare of new forest on good sites
in the FacifTic Northwest and southero United States could
sequestesr some & w 10% g C p-a-{ & tonnes)=*?. If, hypothetically,
afforestation progreammes were designed to take uwup, say, F
gigatonnes of the 3.4 gigatonnes net accretion of carbon, then
some 470 millioan hectares of new plantatian would be nesded, or
around 18 per cent of the cuarrent area of forest in the world.

Giverr the obvious problems af such a massive land —  take for
Torestry, etfort might be better devoted to raising existing
standing crop biomass. {The Ffigures suggest that it would be

necessary o raise crop bigmass by 50 per cent.

Myers suggests that a working mean sequectration rate of L0
tonnes ol arbon per hectare per annom 15 appropriate for
tropical farestksss, mai Lng the rrequired hectarage at



atfgrestatign around sgme 300 million hectares. &t 1O taonnes per
lwectare per annum, the carbon cgredit woulid be some $136 per

ECLars pair S0NsEm.

fivw} Sulphur Cycling

The nature of sulphur cycling in  tropical forests appears ta be
imperfectly dnderstood. Some authorities have sSuggested that
tropicat Terest= contribute to agid  rains . Oitbhers  ragard
tropical forests as net “scrubbers’ of sulphor.

Eonrlusions i indirect Hse Value

There ig uncertainty about the fAature of tropical forest
ecological funcitions. Put it seems clear that he  foresis
generate positive econogmic value in fhis respect. Moreover, given
the uncertainty it is inconsistent with risk-averse bhehaviour tg
defarest. For deforestation of clogsed canopy primarvy forest is
affectively irreversible. It is & long pracess to re—establishk
climax sSystems. In that respect rational behaviour uwnder
uncertainty would  dictate a very . cauticus attitude. to
deforestation.

& Mon—lise Benefits: Existence Yalug

The final category of value is non—use value, the value gttached
tee  fropical Tforests gimply to ensure that they exist. The
motivations fTor sxistence wvalur peed nol contern us undaly™=.
Efforts o estimate existence wvalue are based on contingent
valuation studies which essentially use & “willingness to pay’
questionnaire apprazcha. Mo study bhas been carried oot for
tropical Torests, but Table ? reports estimates of average anpnual
values per person taken from contingent waluation studies for
sglecied animal sSpecies and naturz]l amenities,. While the studies
sre timited am number, Ttherse Lis a consistency about the values.
The animal walues cluster in the %$5-8 range, with American
national symbols — the grilzzly bear and the bald eagle —~in the
$10—-15 range. The Grand Canyon similarly has a high vaiuwation as
a piece af major aatignal heritage, compared to the wvalue of
rleaning up a river.

Could such walue=s be “borrowed” for bropical forests 7 Thay are
unique assets, but they are {(generally) in courtries other- than
rich nations., Allowing far this "distance” between valuer and the
object of value (which applies to the blue whale as well}, and
the =ubstantizl #worldwide interest in traopical deforestation, a
figure of %8 per  adult per annum would geem very canservabive.
Allowing for valuations by just the richest nations of the world
Wwith same #4300 million adults fUestern Europe, Worth America,
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gustralasiaj, the valuafion would be some 3.2 billion p.oa-

The gppartunity cost of forest conservation is the "development*
penetits forgone. As we have sSeen, these @ay not in  fact be

draeater than the penefiys of sustainables use of ftropital forestio.
But in order to assess the back—of-the-envelope guesstimate of
existence  wvalue, one might look at #he developmental uses of
tropical Torests to cee what benefits accorue. IT we talke Amasonia
a5 an example; the entire GMF of ‘classical’ Amazgnia is about &
per cent of Brazil’'s GNF. In 1784 Erazil's BMP wmas some $200
Billign. Thus Amkazonia contributed around $12 hillion. Or the
azsumption that each adult person ifn weEalthy countries of

Tabtle 7

Mon—Use Yalues for Unigoue Natural S=ssgtos

f=szet: Walue per Adult (% mid 159803
fnimal Speries

Bald eagle : 11

Emerald shiner 4
Grizzly bear - 13
Bighorn sheep ' 7
Wnooping crane 1
Hiue whale a
Rattlenose dolphin b
California sea otter 7
farthern elephant seal 7
MNatural Amenities

Water quality {(S5.Flatte

river basin) q

Vigibility {Grand Canvyon} 232

Sourcez 7
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the worild would be wiiling tao cantribnmbe %8 p.a. bto an " fAmazon
fpnseervation Fund’ y the resulting %3i.2 biliion would enable the
pecple responsible for more than 25% ot the economic output af
Amszonia to be compensated for ceasing their acitivities.

7 - Conclusions

The concept of total economic value offers a comprehensive
framavwork within wihich to wvalue teopical Torests. Total economic
value comprises use values, optiaon values and exXistence wvalues.
Birect use values include timber and non-timber products and
gcotourism. Indiretrt use values include the ecological functions
ot Eropical forasts: their watershed protection and minaeral

cyrcling Tuncitions. EBExistence wvalue relstes to  ihe value of tiwe .
Tarest "in itselt’, unrelated Lo any wuse. All  these wvalues are

=5 OBQEiE. The wotal economic wvalus approasch is  ftotallwy
anthropomaarphic. It does not deny other rationales for caonserving
trapical forests based on “rights’ in nature. Yetbt it may not be
necessary to resort Lo such meral - arguments.. Economic arguments
2lone could well be sufficient to justify a dramatic reduction in
detTarestation.

There is some evidence  that use . values. alone favour Torest
canssrvation. Clearance For livestock agriculiuwre in particular
appears o have no Tinancial rationale. Its existence depends on
substantial subsidies which themselves introduce major S2CONOmLc
distortions. Alternative uses ta timber, based oo minor Torest
products, appear to give nigher financial rates of return than
timber in some areas. FMarkets Taii tag zllocate forests to their
‘best’ uses  because of  inefficiency in goveraoment intervention,
notably subsidisation and the absence of secure tenure for small
farmers. The recreational use of tropical forests is only now
bBeginning to be realised.

Indirect use values must be estimated. s vet, little effort has
been made ta value these indirect functions. fs  we have sesn,
some of  them are disputed, byt there is na guestian that
deforestation fallowed by wunsuitable land use causes sigrificant
damage. aAdditionally, tropical forests shaould be given “carbon
credits’ far their rgle in cantaining the greenhouse effect. For
existing forests the credit would relate to avoided damage by not

developing, i.e the benefit af conservation. This might total
samez HiGLG per nhecltare for @ single year, with perhaps similarc
benefits about 3 years. For néw forests, wvalues might be aof the

order of $137 per hectare per anfium.

Histence values couvld be substantia! and might masily dominake
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the use and indirect valums. That would he consistent with othee
finding=s in  tine  total econgmic valuation literature. On the
assumption tnat the Amazan Toresgi is wvalued at an average of 5
per  adult in  the sdvanced economies of the world (anly),
gxistence wvalue couid readily amount o %3 billion, @r a8 gquartser
ai the entire BIF contribuetion of classic Amaronia o Brazil's
GPF, incluzive of mineral extraction, tiasier and ageiculture.

EFEn
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