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互粗描Od耽仁王on

Forests provide a varlety Of products and services・ The raw materials for housmg,

WOOd products and paper are extracted from血e forest. h many pa貼of血e world,

wood is an important fuel.廿ees cle劃se血e air by absorbing carbon dioxide and

adding oxygen・ Forests provide shel亡er and sanctuary for wildife and血ey play an

important role in maintaining血e watersheds血at fupply much of o田drinking waヒer.

Although血e contributions that trees make to our everyday life are easy to

OVerlook, eVen血e most rudimentary calculadons indicate血eir signi丘cance. Almos〔

One-血ird of血e land in血e United States is covered by forests,血e largest category

Of land use wi心血e excepdon ofpasture and grazing land. In Maine, an eXamPle of

a heavily forested state, 95 percent of血e land area is covered by forest. In 2005血e

COmParable丘gure for血e world was 30.7 percent.

Managmg血ese forests is no easy task. In contrast to crops such as cereal grains,

which are planted and harvested on an amual cyde,廿ees mature very SIowly. The

manager must decide not only how to maximize yields on a glVen a皿Ount Of land

but also when to harvest and whe血er to replant・ In addition, a delicate balance

皿ust be estabhshed among血e vario堅possible uses offorests. Since harvesdng血e

r誓urCe diminishes other values tsuch as protecting血e aes血etic vahae of forested

VIStaS Or PrOViding habitat for shade-loving species), eStablishing血e proper balance

requlreS SOme meanS Of comparing血e value of potenda11y con批c宣ng uses. The

e飴ciency criterion is one obvious me血od.
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Characterizing Forest Harvesting Decisions

One serious problem, deforesta。on’has intensified climate change, decreased

biodiversity, CauSed agricul餌al productivfty to decline, in。reaSed s。il er。Si。n

and deser。fication, and precipitated血e decline of tradi。onal cultures of people

indigenous to血e forests. Instead of forests being used on a sustainable basis to

PrOvide for血e needs of bo血current and subsequent generations’SOme forests are

being “cashed in.,,

In its uGIobal Forest Land-uSe Change 1 990-2005,,,血e Food and Agricultl皿al

Organiza。on of血e United Nations reports that due to a s舶from forest land

use to other land uses, OVera11 global forest area registered a net decrease of

l・7 percent between 1990 and 2005 at an amual rate ofchange of O.11 percent.

言霊l‡詩誌霊荒蒜‡嵩器霊嵩龍豊霊宝
done about it?

In血e remainder of this chapter, We Shall expIore how economics can be

COmbined wi血forest ecoIog}γ tO aSSist in e触ciently managing血is important

resource・ Ⅵたbegin by characterizing what is meant by an e鮪cient a皿oca。on of血e

forest resource when the value of血e harvested 。mber is血e only concem. Star血g

Simply; We first model血e e範cien亡de。sion to cut a single stand or 。ust。r 。fnees

Wich a common age by superimposlng eCOnOmic considera。ons on a bioIogical

model of tree grow血・ This mode] is血en refined to demonstrate how心e mul。ple

Values of血e forest resource should influence血e harves血g decision and how血e

PrOblem is altered if plammg takes place over an infinite horizon, with forests
being harvested and replanted in a con血ual sequence・冊ming to matters of ins。-

tudonal adequacy, We Shall血en examine the ine錦ciencies血at have resulted or

Can be expec亡ed to result from both pu班c and private management decisions and

Strategies for restoring e飴ciency.

Cha勤cterlZmg Forest輔arves亡l組g Decisions

Special Att「ibutes of the Timber Reso冊ce

While timber shares many characteris。cs wi血o心er living resources, it also has

SOme umque aspects. nmber shares wi血many o血er anjmate resources血e charac-

teristic t:hat it is bo血an output and a capital good. Tiees, When harvested, PrOVide

a salable commodity, but left standing血ey are a capital good, PrOViding for

increased grow心血e following year・ Each year,血e forest manager must decide

Whe血er or not to harvest a pardcular stand of trees or to wait for血e addi。onal

growth. In contras亡to many o血er living resources’however’血e time period

悪霊蒜認諾聖霊霊諾蒜霊話芸器霊悪法董
dmber wa§ nOt de。ining over dme. This is consIStent wi血the enviromental sustainabilitv ariterion

霊慧悪童慧諾薄墨諾詰譜鵠岩詣霊豊
by providing a compensa血g arnount of some commodi。γ Or Service that is valued even more.
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b。tWe。n initial investment (planting) and recovery of血at investment (harvesting)

is especially long. Intervals of 25 years or more are common in forestry’but not

in many o血er industries. Finally, forestry is subject to an unusua11y large varlety

of extemalities, Which are associated wi血either血e standing 。mber or the act of

harvesting timber・ These extemalities not only make it di範cult to defroe the

e範cient a11ocation, but also血ey play havoc wi血incentives, making it harder for

institudons to manage e飴ciently.

The BioIogical Dimension

塁黒霊窪ま慧豊霊誌悪霊藍認諾雲量
between血e stump and a 4-inch top. For larger trees,血e stump is 24 inches from

血e ground. Only standing trees are measured;血ose toppled by wind or age are

not included. In血is sense,血e volune is measured in net, ra血er血an gross, temS.

Based on血is measurement ofvolune,血e data reveal血at tree stands go血ough

dis。nct grow血phases. hitially, When心e trees are very yo皿g, grOW血is ra血er

sIow in volume terms,血ough血e tree may experience a considerable increase in

height. A period of sustained, rapid grow血fonows声融volume increaslng COnSid-

erably Finally sIower grow血sets in as血e stand餌Iy皿atureS, un占l grow血stops

or decline sets in,

The actunl grow血of a stand of trees depends on many fattors’including血e

wea血er,血e無tifty of血e so丑, SuSCeP。bi坤to insects or disease,血e type of tree,

血e amount of care devoted to血e trees, and wherability to forest fire or air pol-

ludon. Thus, tree grOW血can vary considerably from stand to stand. Some of血ese

grow血-enhancing or grow血-retarding factors are under血e influence of foresters;

others are not.

Abstracting from血ese differences, it is possible to develop a hypo血etical but

realis。c bioIogical model of血e grow血of a stand of trees. Our model’aS Shoun

‡認諾悪霊霊藍霊霊宝豊聖霊諾意霊
above, fo11owing an early period of hited grow血in its middle ages, W血grow血

ceasing a氏er 135 years.

The Economics of戸orest出a「vesting

When should血is stand be harvested? From the definition of e錦ciency,血e opti-

mal harvest time (age) would maximiz,e血e present value of血e net bene五ts from

血e wood.The size of血e net benefits缶om血e wood depends on whe血er血e land

will be perpetually committed to forestry or left to na調al processes after harvest.

2The nunerical model in the text i§ based loosely on血e data presented in Marion Clawson. `(Dedsion

襲藷籠轟籍葦欝欝藷諾
and - 0.0 1 6, reSPeCdvely.
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Model ofTree Growth in a Stand ofDouglas Fir

For our first model, We Shall assume血at血e stand will be harvested once and血e

land will be left as is followlng the harvest. Wchlso shall assune血at neither血e

Price (assumed to be $1) nor血e harvesting costs per cubic meter ($0.30) vary

With time・ The cost ofplanting血is fdrest is assumed亡O be $1,000. This model

i皿ustrates how血e econonric prlnCiples of forestry can be applied to the simplest

CaSe’W皿e providing血e backgro皿d necessary to move to more complicated and

more realisdc examples.

Plandng costs and harves。ng costs d捕er in one significant way一心e time at

Which血ey are bome. Plan血g costs are bome imediately, w蘭e harves血g costs

are borne at血e血e of harvest. In a present-Value calculadon’harves占ng costs are

discounted (as is血e value of血e wood) because血ey are paid (costs) or received

(revenue) in血e future証ereas plan血g costs are not discounted because血ey are

Paid inmediately.∴∴∴∴ P

Having specified血ese aspects of血e model’it is now possible to calculate血e

PreSent value of net benefits血at would be derived from Larves血g血is stand at

Various ages (see耽le l l " l). The net benefits are caloulated by subtrac血g血e pre-

Sent Value of costs fi-Om the present value of血e timber at血at age. Three di蹄rent

discoun〔 ra亡es are used to i虹strace血e influence of discoun血g on the harves血g

decision. The undiscounted calcula。ons (gr = 0.0) simply indicate血e actual values

that would prevafrot each age,融e che pos壷ve d王scount rate takes血e d皿e Value

Ofmoney mto account.

Some interes血g con。usions can be壇ned from耽le l l.l. First, discoun血g

Shortens血e 。ring of血e e範cient harvest. No。ce血at血e maximun undiscounted

net bene丘ts occur at an age of 135 years’When血e volume is maximized・ However,
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Cha「acterizlng Fo「est Harvesting Decisio[S

when a discount rate ofonly O.02 is used,血e maximum net benefits occur at an age

Of 68 years’rOughiy half血e age of血e undiscounted case.

Second, under血ese speci亀c as§unPtions,血e opdmal harvest age is insen§itive

to changing血e magnitude of血e plandng and harvesdng costs・ Ybu can see血is

by COmParing血e age血at yields血e maximun value in血e “value of dmber’’row

and age血at yields the maximun value in血e “net benefit,, row Notice血at for

all discount rates,血ese two maxima occur at the same age. Even if bo血types of

costs were zero, the optimal harves正しg age WOuld not be affected. The age血at

maximizes血e value of the dmber remains the same.

Third, With high enou如discount ra亡eS, rePlandng may not be e錦cient‘ Note

血at wi血7・ = 0.04,血e present value ofnet benefits is unifomly negadve due to the

assuned $1,000 planing cost. The harvest age血at maximizes the present value of

net benefits from a standing forest in this case would occur when血e trees were about

40 years old, but血e present value of costs of replandng would exceed血e present

value of血e benefits so it would not be e紀cient to replant血e harvested forest.

Higher discount rates imply yomger barvesdng ages because血ey are less to】er-

ant of血e sIow dmber grow心血at occurs as血e stand reaches maturity. The use ofa

posidve discount rate i皿plies a direct comparison between心e increase in the value

ofnonharvested timber and the increase in value亡hat would occur if the forest were

harvested and血e money from血e sale invested at: rate 7: In血e undiscomted case,

usmg an 7. Of zero implies血at血e opportunity cost of capital is zero, SO it pays to

leave血e money mVeSted in trees as Iong as some grow血is occurring. As Iong as 7. is

POSitive, however,血e trees will be harvested as soon as血e grow血rate dedines suf-

ficiently血at more will be eamed by harvesdng血e trees and putting血e proceeds

in h車her-yielding financial investments (in o血er words, When g,血e grow血rate in

血e volume ofwood, becomes less血an r).

The fact血at nei血er harvesting nor planting costs a飯質血e harvesdng period

in this model is easy to explain. Because血ey are paid immediately,血e present

value of plandng costs is equal to血e actual expendrfure; it does not vary wi心

血e age at which血e stand is harvested. Essendally, a COnStant is being subtracted

from心e value oftimber at every age so it does no〔 Change血e age at which血e

Harvesting c.osts do not arfect血e age of harvest for a diiferen亡reaSOn. Since

total harvesting costs are assumed propordonal to血e amount of dmber harvested

($0,3 0 for each cubic foot), nei血er血e price nor血e margival cost of a cubic foot of

wood varies wi血age;血ey are also constants. In血e case of our numerical example,

血is constant net value before discounting is $0.70 (the $1 price minus血e $0.30

marginal harvest cost). Regardless of血e nunerical value assigned to血e ma専nal

cost of harvesdng,血is net value before discounting lS a COnStant血at is multiplied

by血e volume ofd皿ber at each age divided by (l + 7)t・ Its role is merely to raise or

霊霊宝喜誓轟霊宝藍三豊票宝器‡
血e stand, regardless of血e value of血e marginal harvesting cost, aS long as mar-

ginal harvesdng cost is less血an血e price received; a rise in血e marginal cost of

harvesdng will not affect血e opdmal age of harvest. (What is血e opdmal harvesト

ing s櫨ategy if血e marginal cost of harvesdng is larger血an血e priceり
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What e鮪ect could policy have on血e harvesting age? Consider血e e鮪ect of a

$0.20 tax levied on each cubic foot of wood harvested in血is simple model, Since

血is tax would raise血e after-taX marginal cost of harvesdng from $0.30 per cubic

foot to $0.50 per cubic foot, it would have血e same effect as a rise in harvesdng

COSt, As we have already demonstrated,血is implies血at血e tax would leave血e

OPdmal harvesting age unchanged.

The final conclusion血at can be drawn缶om血is mmerical example relates to血e

interacdon between discount rates and plandng costs on血e decision to replant. VⅥhen

high dis∞unt rates COmbine with high repl議u血g ∞StS, Plan血g trees for coIImerCial

harvest would be less血ely to車eld posidve net benefits血狐WOuld be血e case wi血

Iower discount rates. (Nodce, for example, in’Rble l l. 1 ,血at replandng would be eco-

nomica叫y desirable only for discount rates Iower血an r = 0.04.) VA血high discount

rates, tree groW血is simplyγ tOO SIow to jusdfy血e plandng expense; PrOfit-maXi血zing

foresters would fivor cutdng doun an exis血g forest, but not replandng it.

臣xtending抽e Basic Model

This basic model is somewhat urnealisdc in several respects. Perhaps, mOSt impor-

tantly it cousiders血e harvest as a single event ra血er血an a part ofan in丘nite sequence

Of harvesdng and replan血g. Typically in血e infinite planning horizon model, har-

VeSted lands are restocked and血e sequence starts over agam m a never-ending cycle・

At first glance, it may appear chat血is is really no di鉦nent from血e case )uSt

considered. Af[er a11, can’t one merely use this model to characterize血e e競cient

interval between planting and harvest最〕r eaCh period? The ma血ematics tells us

(Bowes & Krudna, 1985)血at血is is 7gOZ.血e correct way to血ink about血e proble皿,

and wi血a bit ofreflecdon, it is not di鯖cult to see why.

The single-harvest model we developed wo山d be appropriate for an in丘nite

plaming period if and only if alI periods were independent (meaning血at decisions

平any period would be una縦cted by anything that went on in血e o血er periods).工f
mterdependencies exist among time periods, however,血e harvesdng decision must

reflect血ose interdependencies.

Interdependencies do exist. The decision to delay a harvest imposes an addidonal

COSt in an infini亡e plammg model血at has no counterpart in our single-harvest

model一心e cost of delaying血e onset of the next plandng and harvesdng cycle. In

Our Single-harvest model,血e opdmum age to harvest occurs when血e marginal

benefit of arしaddidonal yearもgrow血equals血e mar豆nal opportunity cost of capi-

tal. In o血er words’When血e capital gains from letdng血e trees grow ano血er year

become equal to血e re調m血at could be obtained缶om harvesdng血e trees and

invesdng血e gains’血e stand is harvested. In血e infinite-Plaming horizon case,血e

OPPOrrmity cost of delaying血e next cycle, Which has no counterpart in血e single

Stand model, muSt also be covered by血e gain in tree grow血・

The effec亡Ofincluding血e oppor調nity cost of delay in an infinite horizon model

can be ra血er profound. Assuming血at all o血er aspects of血e problem (such as

Plandng and harves血g costs, discount rate, grOW血funcdon, and price) are血e same,

血e opdmal dme to harvest (ca11ed血e型あlal 7脇tion in血e in丘nite-Plaming case)
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is訪o汚er in血e in丘nite-Plaming case血an in血e single-harvest case' This follows

direcdy from血e existence of血e opportunity cost of delaying血e next harvest. The

e鯖cient forester would harvest at an earlier age when he or she is planning to replant

血e same area血an when血e pIot will be le丘inacdve after血e harvest・

This more complicated model also車elds some other different conclusions丘om

Our Original model, a Valuable reminder of a pomt made in Chapter l臆COndusions

flow from a specific view of血e world and are valid only to the extent血at view

CaPtureS血e essence of a problem.

Consider, for example,血e effect of a rise in plandng costs. In our single-harvest

model,血ey had no e蹄ct on血e optimal harvest age. h血e in丘nite-horizon case,

血e optimal rotation is affected bec餌se higher plan血g costs reduce血e marginal

OPPOrtmity cost of delaying血e cyde; fewer net bene丘ts are lost by dela車ng血e

eyde, COmPared to血e case w血lower plandng costs. As a result,血e opdmal rota-

don (血e dme between plandng and harves血g血at crop) would increase as plant-

mg COStS increase. A similar result would be obtained when harvesting costs are

increased・ The op亀mal rotation period would be lengthened in血at case as we虹

(Can you see whyり

Sjnce increased harves宜ng costs in血e in丘nite-horizon mode=eng血en血e

OPdmal rotadon period, a Per-unit tax on harvested timber would also leng血en

血e opdmal rotadon period in址s model・ FuI血emore, leng血ening血e rotadon

period implies血at血e harvested trees would be somewhat older and,血erefore,

each harvest would invoIve a somewhat larger volume ofwood.

Ano血er limitation of our basic model lies in its assunpdon of a constant rela-

tive price for血e wood over dme- h fact,血e reladve prices of timber have been

rlSmg OVer dme. Introducing reladve prices for timber血at rise at a constant rate

in血e infinite-horizon model causes the opdmal rotadon period to increase rela-

tive to the fixed-Price case. In essence’Prices血at are nsmg at a fixed rate act to

off;et (i.e., diminish)血e e節ect of discounting. Since we have already established

血at lower disco皿t rateS imply longer rotadon periods, it immediately follows血at

rlSmg Prices also lead to Ionger e鯖cient rotation periods.

A final issue wi心血e models as elaborated so far is血at血ey all are concemed

solelywi心血e sale oftimber as a product. In fac亡, forests serve several o血er purposes

as we11, SuCh as providing habitat for wndlife, SuPP匝ng recreadonal opportunities,

and stab揖zing watersheds" For血ese uses, addidonal benefits accrue to血e standing

dmber that are lost or diminished when血e stand is harvested.

It is possible to incorporate血ese benefits into our model to demonstrate血e

e鮎ct血ey would have on血e e錦cient rotadon. Suppose血at血e amenity benefits

conveyed by a standing fdrest are positively related to血e age of血e forest. In

血e infinite horizon case,血e optimal rotadon would once agam occur when the

marginal benefit of delay equaled血e marginal cost of delay. VⅥhen amehity values

are considered,血e marginal benefit of delay佃hich includes having血ese amenity

values for ano血er yeaD would be higher血an in血e models where amenity benefits

are not considered. For this reason, COnSidering amenity benefits would leng血en

血e op古mal rotadon. If血e amenity benefits are su錦ciendy large, it may even be

e鯖cient to leave血e forest as a wildemess area and not ever harvest it.
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So輯CeS Of Ine範cie皿cy_

The previous sec。on considered血e nature ofthe harvesdng decision. In亜s section,

We S皿discover sources ofinefficieney in血at decision. These inefficiencies have血e

effect of biasing profit-maXinizing decisions toward exce舐o rates of deforestation.

Perverse Incentives for the Landowne「

Profit maxinization does not produce e綿cient outcomes when血e pattern of

incentives facing decision makers is perverse. Forestry provides an皿fortunately

large number of sifua。ons in which perverse incen占ves produce very ine錦cient and

unsustainable outcomes,

Privately owned forests are a significant force all over血e world, but in some

COuntrIeS, SuCh as血e U血ed States〕血ey are血e dominant force. As described next,

Private forest decisions are plagued by extemal costs of various types. providing a

SuStainable flow of wood fiber is not心e sole JOCrfel purpose of血e ft)reSt. When血e

act of harves血g dmber imposes costs on o血er valued aspects of血e forest (e・g.,

WaterShed maintenance, PreVen。on of sofl erosion, and protec。on of biodiversity),

血ese costs are not bome by血e decision maker;血ese amenfty costs normaIly will

not be adequate]y considered in profit-maXimizing decisions.

The fact that血e value of血e standing forest as wildlife habitat or as a key

ele皿ent in血e local ecosystem is an融協l cost can lead to ine錦cient decisions

血at theaten biodiversity. Failure to recognize aⅡ of血e §OCial values of血e stand_

mg forest provides an incen。ve not only to harvest an inefficiently large amo皿

Of血ber in wo血ng forests but also to harvest 。mber even when preservation is

血e e飴cient altema。ve. For example,血e controversy血at erupted in血e Pacific

No血west of血e United State§ between enviromentalists concemed wi血pro-

tecting the habita亡Of血e no血ern spotted owl and Ioggers can, in part, be ex担ined

by血e differen亡Values血ese two groups put on hab王tat destnlC。on. Loggers treat

血e loss of血e nor血em spotted owl as an extemal cost; enVironment追sts treat血e

loss of timber harvest chat results fi.om habitat protecdon as an extemal cost.

Govemment policies can also create perverse incen亡ives fbr landowners.

Historica叫y血e rapid rate of defores亡ation in血e Amazon, for example, WaS PrO-

moted in part by血e Brazihian goverrment (Binswager, 1991 ; Mahar, 1 989). When

血e Brazilian govemment reduced taxes on income derived from agriculture (pri-

marily catde ranching)血is discrininatory treatment of agricultural income caused

agrioulture to be overvalued. This overvaluadon made it profitable to cut dorm for-

ests and conver〔血e血d to agriouIture even when, in血e absence ofdiscriminatory

tax pohey; agriculture in血ese re加ns would not have been pro丘table.皿s system

Of taxa。on encouraged higher竜an-e範cient rates of conversion of land from for_

eStS tO PaSture (applying the model in Chapter lO) and subsidized an activity血at,

in血e absence of tax discriInina。on’WOuld not normally have been economieally

Viable. In essence, Braz,ilian taxpayers were u血owingly subsidizing deforesta。on

血at depreciated血e value of血eir natural capital s亡ock.

珊e Brazj]ian system ofpropeny rights over land also p上ayed a role in血e early

history of deforestation. Acquiring血e rights to land simply by occupying it had
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Sources of lne軸ency

been formally recognized since 1850. A “squatter” acquired a usufruct right (血e

right to continue using血e land) by (1) 1i ing on a pIot ofun。aimed pubhe land

and (2) using jt “e競ctively,規血e required period of 。me.皿ese two conditions

Were net for 5 years’血e squatter acquired ownership of血e land, in。uding the

ri如to transfer it to o血ers.A claimant received a dtle for an anount ofland up to

血ree 。mes血e amount cleared of forest. No。ce血e incen。ves血at this system of

PrOPerty宣ghts crea亡ed. The more deforesta。on accomplished by血e squattcち血e

larger血e amount of land he or she acquired・ In eff垂landless peasants could only

aCquire Iand by engagmg in deforesta。on; due to this policy,血e marginal benefits

from 。earlng land were artificialIy high.

In recogndon of血e consequences of血ese perverse incendvesrfOVerment poli-

Cies no Ionger encourage defofestafron by requiring that land be 。eared for oⅧerShip

and血e pracdee of subsidizing catde has also been abandoned. Howeve草esetdement

PrOgrams have also promoted血e e畔msion ofpaved roads, POrts, WatervaysJaihmays,

and hydroelec壷power plants into血e heavily fdested cen血Amazonia regiv餌

of chese govemment po脆es radeally changed血e value ofIand uses that were c。m_

Pe血g wich preserved forest (remember Chapter l O), and血e resut was deforesta。on,

As a result of血e reset。ement program, many mlgrants engage in agriculture.

Stu申ng血e decisions made by血ese famers, Cavi拒-Harris (2004) found血at,

as the land 。onversion model would suggest,血e degree to which血ese famers

COntribute to deforestadon is impacted by market condidons as weⅡ as goverment

POlicies. Market forces not only affect incendves to expand血e scale of opera。ons

but aIso aifect incentives to choose particular foms of agriculture" For example,

her empirical resul[S Show血at cattle ounership by migran亡S Sig坤can。y increases

血e percentage of deforestadon. Therefore, aS血e market for cat。e and its re]ated

PrOducts-mflk and meat-advanced, deforesta。on levels also increased.

Even natural conditions affect血d conversion since心ey aifect血e profitabfty

Of agriculture. Cho壷z and Thomas (2003), fbr example’fo皿d血at血e probabifty

血at land in Amazonia was used fbr agricul蘭e or intensively stocked融catde

declined markedly w th increasing rainfall’O血er things equa皿s point is signifi-

Cant Since it suggests that due to its prevahing high hunidity westem Amazonja may

be less suitabIe for agricultural development and血erefore could be less whnerab]e

亡0血e threat posed by血e conversion of forested land into agriculture.

In血e Far East and in血e United States, PerverSe incen。ves also take ano血er

fom. Logglng is血e major source of deforestation in bo血regiv)nS. Why wouldn,t

loggers act e範cien。y? One reason, aS nOted, is血e fact血at many amenity values of

血e stand王ng forest are external to Ioggers and hence do not play much’if any role

in血eir decision making.

Amo血er source of ine範ciency can be found in the concession agreements, Whieh

define血e tems under w曲pubhe forests can be harvested.問oggers, harveschg

exis血g forests has a substan。al advantage over plan血g new forests: O]d growth

Can be harvested immedia亡ely for pro丘亡・ By virtue of血e conmercial value oflarger,

Older trees・ COnSiderable econo血c rent (called j雌雄脇e in血e industry) is

associated wi血a standing forest.

In principle, gOVerments have a variety of policy mstruments at血eir disposal

tO CaPture chis rent from血e concessionaires’but血ey have typically given out血e
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concessions to harvest this timber wi血out capturing anywhere near a皿of the rent.3

As a result,血e cost of harvesting is ardficially reduced and loggers can a鯖ord to

harvest much more forest血an is e錦cient. The failure of govemment to capture

血is rent also means that血e weal血tied up in血ese forests has typically gone to a

fevy now-Wealthy individuals and corporations ra血er血an to血e govemment to be

used for血e allevia。on of poverty or other worthyおcial objectives.

The f壷lure to capture血e rent from concession agreements is not血e only

PrOblem. O血er contractual terms in血ese concession agreements have a role to

Play as well. Because forest concessions are typica11y awarded for limi亡ed tems,

COnCeSSion holders have little incen亀ve to replant, tO eXerCise care in血eir logging

PrOCedures, Or eVen tO COnServe yOunger treeS undl血ey reach the e鯖cient harvest

age. The fu調e value of血e forest will not be血eirs to capture. The resuldng log-

ging pracdces can destroy much of血e younger stock by (1)血e construcdon of

access roads, (2)血e felling and dragging of血e trees, and (3)心e e虹mination of

霊詰霊認諾悪霊豊宝器謹嵩高m叩
Finally, SOme harvest is simply illegal. Illegal harvesters have no incentive to

PrOteCt future values and act as if血eir discount rate were infrrite!

The Hst of losers from ine範cient forestry pracdces缶equently includes indig-

enous peoples who have lived in and derived血eir livelihood from these forests for

a very long time. As血e loggers and squatters push deeper狐d deeper into forests,

血e indigenous people, Who lack血e power to stem血e dde, are forced to relocate

fur血er away from血eir tradidonal lands.

Perverse Incentives for Nations

Another source of deforestadon involves extemal costs血at transcend nadonal bor-

ders, making it unrealistic to expect national policy to soIve血e problem. Some

intemational acdon would nomally be necessary for血ese cases.

Biodiversity Due to species extinc亡ion,血e diversity of the foms of life血at

inhabit血e planet is dimhishing at an unprecedented rate. And血e extincdon of

species is, Of course, an irreversible process. Deforestadon, Particularly血e destruc-

tion of血e tropical rain forests, is a maJOr SOurCe Of species exdncdon because it

destroys血e most biologically acdve habitats.血particular, Amazonia has been

3one way for the govemment to capture this rent would be to put dmber concessions up for bid' Bidders

WOuld have an incendve to pay up to血e s帥mPage Value for血ese concessions. The more compeddve

血e bidding was,血e higher血e melihood血a〔血e govemment would capture all of the rent. h pracdce,

mny of血e concessions have been given to those wi血influence in血e govemment at far-below market

rates. See Je航ey R. Vincent.くくRent Capture and血e Feasibility ofTfopical Forest Management,’’La扇

島on脇諦Vbl・ 66,N0. 2の他y 1990), 212-223.

4currendy, foresters believe血at血e susta血able車eld for dosed tropical rain forests is zero, because

chey have not yet leamed how to regenerate血e species in a harvested area once血e canopy has been

des廿oyed. Destroy血g血e血ick canopy a11ows the light to penetrate and changes血e growing condidons

and血e nutrient levels of血e soil su鯖ciently that even repIanting is un此ely to regenerate the typeS O

廿ecs induded in血e ha重VeSt.
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Poverty and Debt

Characterized by Noman Myers,血e Bri。sh enviromentaky as血e “single richest

reg王on of血e tropical biome.’’The quanfty ofbird笹h, Plant, and inse。t life血a, is

umque to血at region is unmatched anyw:here else on血e planet.

One of the tra由c ironies of the situa。on is血at血ese exdnc。ons are occummg

at precisely血e moment in history when we would be most able to take advan_

tage of血e gene pool this biodiversity represents. Modem techniques now make it

POSSible to transplant desirable genes from one species into another crea亀ng spe-

Cies wi血new characteris。cs, SuCh as e血anced disease resistance or pest resistance.

But血e gene pool must be diverse to serve as a source of donor genes.冊opical

forests have already contributed genedc material to incr。。S。 dis。。S。 r。Sistan。。 。f

CaSh crops, SuCh as co蹄e and cocoa’and have been血e source ofsome endely new

foods. Approximately one-quarter Of au prescription drugs have been derived from

Substances found in tropical plants. Future discoveries’however#re血reatened by

deforestadont deleterious effect on habitat.

Climate Change. Deforesta。on also contributes to climate change. Since trees

absorb CO2, a maJOr greenhouse gas, deforesta亀on eliminates a poten丘ally signifi-

Cant means of ameliora血g血e rise in CO2 emissions. Fu血emore, buming trees,

an activity commonly associated with agricultural land 。earing, adds CO2 tO血e air,

by libera血g血e carbon sequestered wi血in血e trees.

Why is defores血on oc町mg so rapidy when血e bene五ts conferred by a standing

forest are so significant by virtua埋y anyone諒ecko血g? The concept of extemalides

PrOVides血e key to resoIving this paradox・ Bo心血e c血rate change and biodiversity

benefits are largely extemal to bo心血e priva亡e harvester and to血e nadon containing

血e forest’while血e costs ofpreven血g deforesta。on are largely intemal. Th。 l。SS 。f

biodiversity precipitated by deforesta亀on is perhaps most deeply felt by血e indus血-

ized world, nOt血e co血rfes血at host血e forests- Curently,血e technoIo鏡es to expIoit

血e gene pool this diversity represe鵬are in widest use in血e industrialized countries.

Simharly most of血e danageをom chmate change would be felt outside the b。rd。rS 。f

血e country being deforested.甑stopping deforesca丘on means glVmg uP血e jobs and

income derived from ei血er harves血g血e wood or harves血g血e land made available

by clearing血e forests. Therefore’it is not suprising血at血e most vociferous opposi-

。on to血e loss of biodiversity is mounted in血e industrialized m。ons, nOt血e na占ons

ho§血g tropical forests. With g巾)bal extema血es, We have not only a 。ear ra。onal。 for

market f狐ure but also a 。ear ra。onale for wdy host na。onal goverments ca。m。t be

expected to solve血e problem by血emelves. W軸e some extemal costs to individual

agents are in fact intemalized at血e level of血e nadon (meaning血ose who bear血ose

COStS live in血e same nadon)記obal extemahies arent.

Pove虻y and互光bt

Povert}γ and debt are also maJOr SOurCes Of pressure on血e forests. Peasants see

皿daimed forest land as an opportuhity to become点mdowners. Na宜ons confron亡ed

wi血masses ofpeasa鵬see皿OWned or publicly oⅧed forests as a po虹cally more

viable source of land for血e Iandless than taking it forcibly fi.om血e rich. VA血out
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land, PeaSantS descend upon血e urban areas in search of jobs in larger numbers

than can be accommodated by urban labor markets. Polidca叫y explosive tensions,

ereated and nourished by血e resuldng atmosphere of血stration and hopelessness’

force govemments to open up forested lands to血e peasants or at least to Iook血e

o血er way as peasants stake血eir daims.

葦諾詰霊宝驚藍霊禁鳥諾意蕊
have long sinee been cut doun for血nber and fuelwood and for producing crops from

血e cleared land. As forests disappear,血e rural poor are forced to divert more tme

toward loca古ng new sources of fuel. Once fuelwood is no Ionger available, dried ani-

mal waste is bumed,血ereby 。imina血g it as a source of f請出zer to nourish depleted

soils. Fewer trees lead to more soil erosion and soil depledon leads to d血inished

nutridon. Diminished nutridon reinforces血e血eats to hunan hea皿posed by an

inabifty to find or afford enough fuel, WOOd, Or animal waste for cooking and bofl-

皿g unclean water. Degraded hea血saps energy, increases suscep占bility to discase,

and reduces produc心vity. Survival strategleS may neCeSSa誼y sacrifice long-tem gOals

s血ply to ward offstarva。on or dea血;血e forest is typically an eady casuaky"

A誼e na。onal level, POVeny takes血e fom ofstaggering level§ Of debt・ Repaylng

this debt and血e interest payments且owing盲om it reduces血e capacity of a na亀on

to accumulate forelgn eXCh狐ge eamings. In periods of high real interest rates’Ser-

vicing血ese debts commands most ifnot an foreigrl exchange earhings. Using血ese

foreigrl eXChange eammgs to service che debt eliminates血e possib坤y of uslng

血em to finance imports for sustainable activides to alleviate poverty.

According to血e “deb調esource hypo血esis,,, large debts owed by many develop-

mg countries encourage血ese countries to overexploit血eir resource endowments

to raise血e necessary foreign exchange. Timber exports represent a case ln POmt.

AI血ough a number of studies find empirical support fdr血is hypo血esis, nOt all

do. And血e support for extending血e hypo血esis to na請al resources o血er血an

forests seems pardcularly weak. For example, Neunayer (2005) reports:

協dd no青姉d e揚筋e tbat couプ癌飾りitb b蜜7eグ・勃んみの● b勧eタ●勃跡ひ加

bu肋2J baz,e b勧eタ・印んitatio7Z q声%b∫0雄∬方舟d a巌77,i72e7al卿?妬e∫ 07’b勧e7’

prod妨ioヶ所鮒b昨∫海n other co脇諦鍬の・ 13少

Sustai皿able Forestry

W誼ave examined血ree types of decisions by landowners一心e harves血g decision,

血e replan。ng decision, and血e conversion decision一心at aifect血e rate of defo重

estation. In all three cases, PrO丘t-maXimizing decisions may not be e航cient and

血ese ine範ciencies tend to create a bias toward higher rates of deforestadon. These

cases present bo血a challenge and an opportunity The current level of deforesta-

。on is血e challenge. The opportunfty arises from血e realiza。on血at correcting

血ese ine飴ciencies can promote bo血e範ciency and sustainability.

Does the restoradon of e飴ciency guarantee sustainable outcomes? Letもsup置

pose血at we apply血e environmental sustainabifty definidon to forestry. By血is



Pu帥c Policy

de丘ni。on, SuStainable forestry can be reahad only when血e forests are sufficiendy

PrOteCted血at harvests can be maintained perpetually AIso’SuStainable forestry

WOuld require harvests to be limited to血e grow血of血e fores可eavmg血e volu皿e

Ofwood una節ected (or nondecreasing) over 。me.

E範ciency lS nOt neCeSSarily compadble wi血this definidon of sustainable for_

estry Maximizing血e present value involves an imphcit comparison between血e

increase in value from delaying harvest (largdy because of血e grow血in volune)

and the increase in value缶om harvesting血e 。mber and investing血e eamings

世gely a function of 7;血e interest rate eamed on invested savings). With sIow-

growlng SPeCies’血e grow血rate in volune is small・ Choosing血e harvest ags

血at maxiIrizes血e present value ofnet bene丘ts in sIow-growing forests may we11

iAVOIve harvest volunes higher血an血e net grow血of血e forest.

The search for sustainable forestry prac占ces血at are also economically sustain置

able has led to a considera。on ofnew models of forestry. One invoIves a focus on

Planting rapidly growmg tree species in planta占ons. Rapidly growmg SPeCies raise

血e economic a調activeness ofreplandng because the invested funds are ded up for

a shorter 。me. Species raised in planta。ons can be harvested and replanted at a low

COSt. Forest plantations have been estabhihed for such varied purposes as supplying

fuelwood in developing countries and supplying pulp for paper m田s in bo心血e

industrialized and developing countries.

Plantation f )reStry lS COntrOVerSial’however‘ Not only do plantation forests

t}Pically invoIve a single species of tree, Which results in a poor wildlife habitat,

血ey also tend to require large mputs of fdrtilizer and pes。c王des.

In some parts of血e world’血e na調al resilience of血e forest ecosystem is suf-

ficiently high血at sustainability is ultinately achieved, despite decades of earlier

unsustainable levels of harves〔・ In血e United States’for example, SOme。me during

血e 1940s,血e net growth of血e nation[ dmberlands exceeded timber removals.

Subsequent surveys have confimed血at net grow血has con血ued t:O eXCeed har-

VeStS, in spite of a rather large and gTOWing demand for dmber. The total volume

Of fdrest biomass in血e United Sures has been growmg S重nCe at least Wedd VAr

II; for the country as a whole’harvests during血at period have been sustainable,

although血e harvests of some specific species in some speci丘c areas have not.

Public Policy

One public policy approach involves restoring e範cient incen丘ves. The fo1lowing

examples組ow naturally from血e previous discuss王on:

㊤ Concessionaires shc請ld pay血e餌cost for血eir rights to harvest publi。y

COntrOlled lands’including compensating for damage to the forests surround-

ing血e trees of interest.

@ The magnitude ofland transferred to squatters should not be a muldple of血e

amount of cleared forest.

e The rights ofindigenous peoples should be respected.
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Ano血er approach invoives enlisting血e power of cons皿erS in血e cause of

sustainable forestry. The process typically irvolves血e estabfrohmeut of standards

for sustainable forestry, emPIoyヰg independent certifiers to verify compliance wi心

血ese standards, and allowing certified sapphers to display a label designa血g com-

pliance (see Example l l. 1)・

For this system to work weu, Several precondidons need to be met. The certifica-

don process must be reliable and conslmerS muSt truSt it. Addi。onal塙consumers

must be sufficiendy concemed about sustainable forestry to pay a price premiun (over

prices for o血erwise-comParable・ but皿Cerdfied, PrOdrets)血at is large enough to

make cerdfica。on an attrac。ve op。on for forestry companie§・皿s皿eanS血at血e

revenue should be su範cient to at least cover血e hiみer costs associated wi血produc-

ing cerdied wood. Noching guarantees血at血ese condi。ons would be met in general.

Most of chese changes could be impleInented by individual na。ons to protect

血eir oun forests. And to do so would be in血eir interests. By definidon’ineffroient

pracdces cost more than the benefits received. The move to a more e組cient set of

policies would necessarily generate more net benefits’Which ∞uld be shared in ways

血at bu田polidcal suppon for血e change. But what about血e global inefficiencies一

心ose血at transcend na。onal bomdaries? How can血ey be resohed?

produc手ng Sustaina髄Forestry through Ce揃ce由on

The Fo「est Stewa「dsh-P Counc畔SC} is a即nternat-Ona恒Ofro叩rof-t OrganlZatlOn

or'gしnafty headquartered m Oaxaca・ Mex-CO’W航he FSC Sec瀬a丁iat relocating to

Bonn, GermanY, ln 2003.

The FSC was concelVed融arge p弱y environmenta- g「oups’mOSt nOtablv the

wo「id Wide Fund for Nature (VWVFL The goa- of the FSC 'S tO foste十’envITOnmen-

taItY aPP「OP「{ate・ SOCia-1Y bene闘・ and econom~Cafty viable management Of the

woridts fo「ests:′ It pursues this goa胸be一ng a冊dependent thi「d-Party Ce輔e「 O干

we醇managed forests・

The FSC has deve「oped standa「ds to assesS the perfo「rnance Of forestrv

oやat‘OnS‘ These standards add「ess envItOnmentaL socla上and economlC

†SSueS Forest asseSSmentS require one O「 mO「e f'e[d visits by a team of spe-

clallStS 「ePreSent-r‘g a Var-etY Of discipines・ tyPICall画c-uding fo「estrY’eCOIogyI

w榔fe management/bio-ogy. and sociotogyfanth「opo-ogy Add-t-Ona町he FSC

「equlreS that forest asseSSment 「ePO「tS be subject to lndependent peer 「eVleW

Any FSC assessment maY be ch郡enged th「ough a forma- compfaints p「OCedu「e

FSC-Ce「tJfled products a「e iden輔ed dy an O岬Oduc口abel and/Or Off草oduct

pubhorty mate「la-s As of Ap「-1 2013′ the FSC had ce輔ed 173′973・446 hectaTeS

ln 79 count「leS (a hectare equals 2 47105 acres〉▼

A軸oug暗he FSC ‘S SuPPOrted bY a b「oad coa踊on of lndustry repreSentatlVes′

socla巾軸ee organ融OnS′ and e棚Onmental o「ganlZat-OnS申S OPPOSed by some

malnSt「eam lndustry g「ouPS, PartlCulariy ]n No軸Amerroa・ and dy some landowne「S’

assoelatlOnS ln Europe One unreSOived lSSue 'S howtO剛de sm訓and med-um-S'Zed

landholdmgs刷is ce融icatlOn PrOCeSS Since convent-Onal ce輔Catior"S eXPenSIVe・
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Pu帥c PoiicY

Several econom王c strategies exist.珊ey share血e characteristic血at血ey all

involve compensa血g心e na。ons conferring extemal benefits so as to encourage

COnServation actions consistent with global e植ciency.

Debt-Nature Swaps

One strategy mvoIves reducing血e pressure on the forests caused by血e intema〇

°onal debt owed by many developing countries・ One of the more imovative pohcies

血at explores common ground in intema。onal arrangements has become knoⅧ aS

血e debt-nature SWaP. A debtmature swap involves血e purchase (at a discounted

Value in血e secondary debt market) of a developing country debt,缶equendy by a

nongoverrmental enviromental organizadon (NGO)・ The new holder ofthe debt,

血e NGO, O能rs to cancel血e debt in retum for an enviromentally related action

On血e part of血e debtor nation.

In 1998,血is approach received a boost wi心血e passage of血e廿opical Forest

Conserva。on Act (TFCA)・ This Act o艶red e崎ble developing countries op。ons

for reducing certain o範cial debt owed血e US goverrment while at血e same 。me

generating funds in local currency to support tropical forest conservation ac。vities.

The program took advantage of publicirivate partnerships and血e majority of

TFCA agreements to date have imluded funds raised by US-based NGOs.

TFCA is inplemented血ough bilateral agreements w池ehigible countries. As of

December 201 1’aPPrOXimately $202 n皿ion in congressionally appropriated fuds

have been used to con。ude 1 8 TFCA debt treatment agTeementS wi虹4 co皿tries.

The first debtmature swap took place in Bolivia in 1987. Since血en debt-for

nature swaps have been arranged or explored in many developing co皿tries, in。ud-

ing Ecuadorde Philippines’Zambia, Jamaica, Madagascar, Cinatemala, Vinezuela,

Argendna, Honduras, and Brazil.

A brief examina。on of血e Madagascar case can i皿strate how血ese swaps

WOrk. Recognized as a prlme SOurCe Of biodiversity’血e overwhelming m加rity of

Madagascar畠and mammals’rePtiles, and plants are found nowhere else on Ea血.

Madagascar is also one of血e poorest countries in血e world, burdened wi血high lev-

els of extema上debt. Because ofits liI正ted domes丘c financial resources, Madagascar

COuld not counter血e serious enviromental degradation it was experlenClng.

Between 1989 and 1996, Conservadon Intermdonal,血e M上ssouri Botanical

Garden’and血e Wdrld Wldife Fund nego。ated n血e COmmerCial debt-f壷-na調"e

SWapS in Madagascar. These arrangements generated $1 1.7 mi皿ion in conservad。n

funds. Agreeme誓Signed by Madagascar塙overmeut and血e participa。ng con-

Servat10n OrgamZa。ons iden髄ed血e prograns to be funded. One such program

trained over■320 nature protec。on agents’who fooused on invoIving local commu-

ni古es in forest management・

O血er arrangements involving different govemments and different environ-

mental organiz,a。ons have since fo11owed血is lead. The main advantage of血ese

arrangements to血e debtor na。on is血at a signi丘cant foreign exchange obliga丘on

Can be paid off wi血domestic c皿ency. Debtmature swaps offer血e realistic pos-

Sibifty to tun what has been a major force for unsustainable economic ac。vity (血e

debt crisis) into a force for resource conservation.
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The World Heritage Convention

The %招He7,i妨ge Cb柳e7轟on came into being in 1972 wi心血e prmary mission

Of idendfying and preserving血e edtuI"al and natural heritage of outstanding sites

血roughout血e world, and ensuring血eir protecdon血rough intemadonal coop-

eration. Currently, SOme 1 78 countries have radfied血e convention・

。u豊富寵霊霊諾器豊富諸芸詩誌霊霊
taking this step IS tO gam mtemadonal recognidon for血is site, uSing血e presdge

血at comes from this designation to raise awareness for heritage preservation and

血e likelihood血at血e site can be preserved. A rad$ing nation may receive both

financial assistance and expert advice from the VI7brld Heritage Com皿ittee as sup-

port for promodonal activities for血e preservation of its properdes as we11 as for

developing educadoml materials.

Responsibility for pro‘γiding adequate protection and management of血ese

sites則s on血e host nadons, but a key bene丘t缶o皿radficadon, Pardcularly for

developing countries, js access to the Wbrld Heritage F皿d. This fund is fuanced

by mandatory contributions from ratifying nations, Calculated at l percent of

血e countryt contribudon to UNESCO,血e administemg ageney Amually, about

$3 million (US) are made available・ mainly to Iow-incomF CO皿tries to finance

techaical assistance and training pro]eCtS, aS Well as for assIStanCe PreParing血eir

nomination proposals or to ’develop conservadon projects. Emergeney assistance

may also be made available for urgent action to repair damage caused by hman-

made or natural disasters.

RoyaIty Payments

A potendal source of revenue for biodiversity preservation involves taking advan-

tage of血e extremely high degree of interest by血e phamaceutical indusny m

searching for new drugs derived from血ese bioIo豆Cally diverse pooIs of flora and

fauna. Establishing the principle that nations containing血ese bioIogically rich

resources wi血in血eir borders would be entitled to a stipulated royalty on any

and all products developed fiom genes obtained from these preserves provides

bo血an incentive to preserve the resources and some revenue to accomplish the

PreS erVation.

Nadons harboring rich, bioIogical preserves have begun to realize血eir value

and to extract some of血at value from血e pharmaceudcal industry. The revenue

is in part used for inventorylng and leammg more about血e resource as well as

preserving it. For example, in 1996, Medichem Research, an皿nois-based phama-

Ceutical company, entered into a ]Omt Venture With血e Sarawak govemment. The

Organization created dy血is joint ven了ue has血e right to釦e exclusive patents on

two co中POunds血at o筒er some promlSe aS CanCer treatmentS.

The agreement specified a 50-50 split from royalties once血e drug is marketed.

The Sarawak govemment was given血e exclusive rigbt to supply the latex raw

material from which the compo皿ds are derived・ Fur血emore, Sarawak sciendsts

are involved in screenmg and isolating血e compounds and Sarawak physicians are

invoIved in the dinical trials.
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Recoghizing血e limited availability of intemational aid for血e preservadon

of biodiversity habitat, nations have begun to tap o血er revenue sources. 1burist

revenues have become an increasingly popular source, Particularly where血e

tourism is spec脆cally linked to血e resources血at are targeted for preservadon.

Ra血er血an mixing血ese revenues with o血er public funds, nadons are eamarking

血em for preservadon (see Example l l.4)・

巾ust Funds for Habitat Preservation

How can local gove「nments fmanCe blOdlVerS!ty preSerVatlOn When faced with

=m†ted avaIlab冊y of bot両ntematlOnal and domestlC funds? One op敵On be]ng

aggresslVeIy pu†Sued by the Wortd WiI(踊fe Fund lnVOlves仙St funds. T血st funds

a「e moneys that are legafty restrlCted to be used for a specIfIC PurPOSe (as opposed

to bemg Placed m the gene「al gove「nment treasurY〉・ They are adminlStered by

trustees to assure compllanCe W軸the te「ms of the trust Most, but not al吊rust

funds are p「otected endowments, mean-ng that the trustees can spend the -nte手

est and dlVldends from the funds, but nct the pmC)PaしThis assures the contmuity

Of funds fo「 a旧ndef冊子te perlOd

Where does the monev come from? Many natlOnS that ha「bor bIOdive「sIty

prese「ves cannot affo「d to spend the resou「ces rIeCeSSary tO ProteCt them. One

poss榔ty ‘S tO taP into fore'gn demands for pTeSe「Vat-On ln Be陀e・ the 「evenue

comes from a f’conservatlOn fee’’cha「ged to a= arrlVmg forelgn Vis-tO「S The師tial

fee, $3 75, WaS PaSSed bY BellZeもPa硝ament ln Jar肥a「y 1996, ralSing $500,QOO

m 「eVenueS eaCh yea「 fo「 the t「ust fund. Slm事自説t「ust funds have been set up ln

MexICO. Hondu「as, and Guatema[a.

income from the trusi funds can be used for many purposes言nClud腫g tralnlng

pa「k 「angers, developlng bIOIogICa) lnformatlOn, Paymg the sa庵ries of keY Pe「SOr+

ne上and conductmg envI「Onmental educatlOn P「Og「amS, dependlng On the te「ms of

the t「ust ag「eement

BIOdlVe「SltY PreSe「VatlOn that depends on funds from the gene「a圧reasu「y

becomes subJeCt tO the vagarleS Of budgetarY PreSSu「eS Whe即he compet癌on

for funds事ntenSifies言he funds maY dlSaPPea「 O「 be severely d~m面Shed.丁he vinue

of a trust fund lS that lt Provides Iong-term, SuStalned fu抽ng targeted fo「 the p「O-

tection of blOdlVe「S時

In 2004, Be=ze lOlned w軸Mex-CO, Hondu「as. and Guatemaぬto fo「m the

Mesoame「了can Reef 〈MAR) fund, a 「eglOna晒nanclng meChanISm工t was created

to strengthen the a嶋nce among the fou「 count「y-SPeClfic trust iunds The MAR

fund lS un¥que aS the fI「St enVlrOnmenta口証d旧the Weste「n Hemisphe「合to t「an-

scend natlOnaI boun&「leS and encompass an e摘re eCOregtOn‘丁he fund supports

p「ojeCtS related to lmPrOV'ng Water qua航y, eCOtOu「霊Sm, SuStamable f-She「ies’and

St「engthenmg Pub掠e lnStitutlOnS

Source‥ Sperge上B言Ap「=996). Trust funds fo「 conservatlOn・ F艶柄AVews/erfel J,13-16・; the WorId

WiidlIfe FoundatlOn′s Website on conservafron trust funds. Betrieived NQVember †8, 2010, from

http JyWWW,WOrldw脚1fe. o「g柄haVhowwedoit佃onse「vatio南n帥ce/COnSe「Va書iont「ustfunds2 ・html

2了3



2了4



Se廿Iest Exercises

he飴cient def。reStation has also beep encouraged by a fa11ure to incorporate

global bene丘ts from standing forests: COnCeSSion agreements can provide incen-

也ves to harvest too much too soon, and may fall to provide adequate incendves to

protect血e interests of fu調e generadons; land property rights systems can make

血e amount of land acquired by squatters a mu]竜ple of cleared forestland; and tax

systems can discriminate agamst standing forests.

Substandal strides toward restoring e飴ciency as well as sustainabilfty can be

achieved simply by recognlZmg and correcting血e perverse incen丘ves, aCdons血at

can be and sho山d be taken by血e tropical-forest nations. But血ese acdons will not,

by血emselves, PrOVide adequate protecdon for血e global interests in血e tropical

forests. S王x schemes designed to intemalize some of血ese transboundary benefits-

debt-nature SWaPS, eXtraCtive reserves’rOyalty payments’forest cerdficadon, and

conservation easements一山ave already beg皿tO be implemented.

砂is珊S垂孤Q皿e車0鱒　/

1. Should US national forests become “privatized’’(sold to private owners)亨

2・謹塁投票盈諸脇e4 Marion Clawson proposed what he

脇der Jbe pu脇c短o7碑f働舛C篤脇Or gr型COZ’楊a紺砂, Cmder a紺licable

履物,♪r d物日鋤訪寂巌d所r aり′椛切り訪鵬; b奴aプリOtberpemn oγ

g型担cu〃 bat’e諭脇ited霧me b勃ee72 fbe留略す加読切I舞妓房o7g
mdg7移寂碓Otber ka∫e Orあe m偽i略す祝融kあ抄biかo争〃板碑’apaゎ

q声be 。na御方ed声… 77,e鵬r Qf荻pu脇函m諦0研”OZ物becom Cbe

解h鋤I弓ar fbe m硬Z“陽d ba`恒常uind部7Zeet Zカe肋ne fer秘御hめん

to tbe o夜ml解巌atio,7, …妨tbe締鋤胸be砂batタbe卿hα妨硫e,彫O才

72eCe脇旬訪e郷ep型0∫ed勘助e o碑ml御巌初広㊨・ 21少

Evaluate血e p皿back concept as a means for conservationists to prevent some

mineral extrac占on or dmber harvesting on federal lands.

Se旺’鴨s亀田xe壷ses

l. Suppose there are two iden。cal forest pIots except血at one wi皿be harvested

and lefito regro毒while血e second wiu be cleared after血e harvest and tumed

into a housing developmen亡・ In terms ofe鯖ciency, Which one should have血e

oldest harves〔 age? Why?

2. InTable ll.1, When r = 0.02,血e present value ofthe cost rises最〕r 68 years

and血en subsequently declines. Why?
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3. As our energy structure transidons toward renewable fuels, forest-based

biomass fuels benefit from血is trans誼on. VI7hat are血e址ely e飾ects of血is

transition on consumers, PrOducers, and血e states血at host血ese resources?

4. W記d a private forest ow]]・er nOrmally be expected to reach an e飴cient

balance between using his or her forest for rec鬼ation and for harvesting

WOOd? Wly or why not?

5. Compare forest certi怠cation and血e cerd丘cadon oforganic produce in tems

Of血e reladve degree to whch each type of cerdfica丘on could, by itse埠be

expected to produce an e絶cient outcome.

6. VI7buld a rise in血e price of dmber make sustainable forest practices more or

less likely? WIry?

軸的ぬe甘藍ea灘晩翠
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Appendix‥ The Harvesting Decision‥ Forests

The Harvestlng Decision: Forests

Suppose血at an even-aged stand oftrees is to be harvested at an age血at maximizes

the preseut vahe of血e harvested血ber. That age can be fo皿d by (1) defiIling血e

present value of血e harvested血ber as a func。on of血e age of the stand, and (2)

maximizing血e funcdon wi血respect to age.

PresentValue = [P亨の- Cby(明e‾’で- G

Where,

P =血e price received per unit of harvested volune

陶二心evolume ofdmber harvested at age t

Ct =血e per-unit cost ofharves血g血e 。mber

孟詰詩宗認諾血。n wi,h res.e。, t。 ag。 and set。ng lt equal to
zero yields

ぽ-q)警二(P-q陶r

or rewridng yields

dレてめ

下す=ク●

岨auslated into Enghih, this condi。on血phes血at血e rate of retun缶om letdng血e

stand grow over血e last increment ofage should be equd to血e marfet rate ofretlm.

Note血at血e fixed pl狐。ng cost has no e鉦ct on血e choice of harves血g age.

Ⅵ7hile it ralses or lowers血e present value by血e exact amount of血e cost of plant-

ing, it does not change where血e function reaches its marimum. Ifit is high enough,

however, it can make血e function reach its maximum at a negative nunber. h dis

case, nOt Plan血g trees would maximize血e present value even if血at meant no

future harvest.仏present value of zero would be larger血an血e present value血at

would necessarily be negadve wi血plan血g.)

Note also血at nei血er血e price nor血e harvesting cost a航cts血e optimal

ehoice. Ma血ema。cally’it is because血ey cancel out in Equa。on 2. Economically, it

is because血e value ofa harvested unit does not vary wi血age;血erefore’血e `脇gc

in present value as thestand ages is due to血e change in z’Odeme, nOt血e change in

血e z,alz,。 。f ea.h unit ofvolune (since血e change in value is zero)・

冊ve had used a discrete 。me fromework (i.e., 0 + 7yWere uSed for discoun古ng instcad ofe :ri),血en

霊藍磐忠霊豊窪露盤雲井豊十凋u ∽竜胆t br
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