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tapestry will begin to look worn and may tear Ibgalhere is no way to know ahead of time
whether pulling a thread will cause a tear of (Davidson 2000: 434).

Concluding Comment

The growing impact of human economic activities on &aitfe support sys-
tems demand new ways of conceiving of the relationshtpden economic systems
and ecological systems. The worldwide debate on sustaidelz&opment is evidence
of growing recognition of this new reality. The sustainableettoment debate has
spurred a search for new approaches to econommsoeiic and environmental policy,
and natural resource management strategies that ganldfsne and move society to-
ward sustainability.

Ecological economics is a major result of this search. Followiagprinciples
of this emerging field, we must view the world's ecoiremmas being embedded within
and wholly dependent on ecological systems, in contragtetdraditional economic
view of the environment as a source of raw materiads"amenity values" and a sink
for wastes. We must view sustainability as a higher value nlarowly defined eco-
nomic efficiency. We must expand our notion of efficigrio include the efficiency
with which capital, both natural and manufactured, is usgatovide life-support and
life-enhancing services. We must carefully analyze dtele of the human economy
relative to the global ecosystem that sustains it. Finallyisides about how to use re-
sources over time must not discount the life-supportindogmal functions and ser-
vices that all economic activity — and life itself — depend
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Dennis P. Bradley, George Xu, Bernard J. Lewis

FORESTS AS NATURAL CAPITAL: PARALLELS, PROBLEMS AND
IMPLICATIONS

Introduction

Forests are simultaneously part of the biosphere, demsyson their own ac-
count, the source of materials essential to human surémdlnot least, the origin of
deep human symbols and meanings. While these insightsxatdye new, as the scale
of our impacts on ecosystems has grown to global ptiopsr the always difficult task
of integrating the multi-faceted character of forests mgmagement actions has as-
sumed a new-found importance. Further, new knowlathget the complexities of eco-
system and social system interactions suggest an evatergreeed for more realistic
views of these systems and, as a result, how we maydseshem to survive. In other
words, at the root of many current difficulties is adamental incoherence between our
thoughts and actions vis-a-vis Nature and Society.

This incoherence is evident in our difficulty definingr fexample, what we
mean bysustainabilityor ecosystem healtin recent debates whether modern econo-
mies seeking mass and large-scale consumption threatéontiiterm productivity of
forests and other ecosystems. A key to understantliese difficulties is that such
meanings are inescapably confounded by positivist anghative mixtures ofact and
value That is, while our efforts to survive must be guidedhsy best science we can
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muster-and at its best, basic science certainly strivevdime-neutrality-notions of
health and sustainabilityunavoidably involve not only objective facts but also hom
purposesandaspirations The latter two, of course, are often considered tw@ze
the categorical opposite of objectivity.

Even as scientists and resource professionals who shewdare of such diffi-
culties, we too have trouble separating these domainswelren such a separation is
appropriate. However, at some point and regardless dfifff@ilties that inhere in real-
life decisions and choices, these two domains must beesipéld in some coherent
fashion-Surely we seek to avoid physical as well as Ihamatradictions. Moreover,
such deeper purposes and aspirations complicate erslynmauw collective and individ-
ual actions because of the very problems of (1) defiatrifpe outset, the nature of our
material objective-in this case, the physical basis of sustairsncieties and ecosys-
tems-for which evolutionary change is a fundamental arssiply self-defeating char-
acteristic. Such evolution arises not only from inherentadyios of these processes
themselves but now more than ever before-due to irmenpopulations and their eco-
nomic actions-from their interactions. New evidence gingrfrom both the natural
and social sciences suggests the need to more realistioalisont ecosystem limits;
and of (2) identifying and justifying the problematic madahensions of the ultimate
ends every society would seek for both individuals arslistaining collective whole.
And while the legitimacy and universality of those enuisght may never be settled in
any absolute sense, humanity has made arguable adviang®ny respects. More to
the point, further progress cannot be ruled out.

To this end, we examine the emerging idea that foregtsother ecosystems
may be viewed as both natural analogs of, and complsnte, economic-that is, man-
made-capital. But we also suggest that-due to the unigqyenies of all physical sys-
tems, living or not-this analogy and complementarity cdy ba pushed so far. At the
same time, we necessarily consider broader social ggeseinderpinning economic ac-
tion because the reproduction and maintenance of wagoaial structures and proc-
esses are implicated-such reproduction and maintenandeeis faature of every kind
of capital. Most important, we cannot ignore what all theaterameanto us as think-
ing feeling human beings.

Beginning with a brief discussion of capital as an integratimgcept, we: (1)
consider the nature of forest ecosystems with comfgatures that have been inade-
guately recognized in the past; (2) highlight some problentise treatment of ecosys-
tems by neoclassical and environmental economics, (Bwekey economic concepts
of capital that raise special difficulties when applie@tosystems, (4) describe several
other problems with treating ecosystems as capital that avigetifieir thermodynamic
and emergent characteristics, (5) consider the basespital valuation, both those
rooted in economics and in broader features of saglalions and societies as a whole;
(6) highlight problems with capital depreciation and re-cip#tton that have special
significance to ecosystems and societies; and finally {fine the implications of the
above for an accounting framework that may yield aemealistic picture of ecosystem
integrity for economic and social purposes.

Capital as an Integrating Concept

The fundamental importance oépital is aptly characterized by Bliss (1975):
"When economists reach agreement on the theory dfatdpey will shortly reach

36 EK0/10ro-eKoHOMiYHe BUEHHSI: BUTOKH, IIPOOJIEMH, IEPCIEKTHBH

HaykoBuii Bicuuk, 2002,Bun. 12.1

agreement on everything else." He suggests that the ebonany, if not all, disagree-
ments in economic theory lie in varying conceptions of e&pind its closely related
notions of wealth and income. Our aim is to clear up sohtkese difficulties. In con-
trast to a newer and unnecessarily limited view that dagetas with theprivate own-
ership of the means of productjaur discussion focuses on an older, broader and less
ideological view that embodies two apparently contrastiegsdThe first encompasses
the dialectical objects aiealthandCapital: These objects are dialectical because each
requires the other for its existence and because thareostinuous shading of meaning
as we move from one idea to its opposite. The seconccatezzrns the thermodynamic
nature of wealth and capital.

First, wealth refers to material goods and services hums$o survive and in-
cludes both those that come either directly from Natur&om conscious human proc-
esses that combine labor, raw materials, energy, aithici the older sense d&ch-
nology Of course, such technology encompasses humaniah&tsowledge, organiza-
tional skills, and various machines. But capital also enessgs a society's cultural re-
sources, for these play a central role in the creatighi®knowledge and skill, as well
as motivating and coordinating social action. In the diiglgicway suggested above,
some wealth requires human capital for its existence, yhowti wealth, capital could
not be produced. That is, wealth owes its origins to bathability of a society to find
in Nature, as well as to wrest from her by their ownré&ffanore resources than needed
for immediate consumption. Some portion of suckuglusmust then be invested in
capitalassetd¢o maintain current, or improve future, income possibdlited so on in a
continuous evolutionary proces¥e generally speak of the output of these complemen-
tary capital and wealth producing processes-natural améi-made-amcome

The second idea recognizes that, due to inexorablaranersal thermodynamic
processes, wealth and capital necessarily deterior&te when continuously main-
tained at some "cost," which at minimum requires a regiudti current consumption.
That is, the gross output of our productive efforts fonature itself cannot be consid-
ered income to be consumed now. If a society is to lynetevive some income must
be saved to maintain the existing capital capacity afe¥felopmentis the goal, some
income must be invested in new and more powerful knowleahgl processes. Such a
recognition is the basis of complex institutions to aahithis end and, indeed, is the
basis for describing our society @apitalistic

As mentioned earlier, the ter@apital is usually distinguished from the other
major factors of production mentioned abdwaor and Land-based on factoowner-
ship. But the definition of Capital in this paper encompasdethe agents of the pro-
ductive process, and is more in line with the notion éowéxl by Adam Smith
(Schumpeter 1954). Smith recognized both machine and eyl and saw the ne-
cessity to distribute any income so that both kindsapital were maintained into the
future. Just as machines (and the possibilities for tesielopment and application) had
to be maintained from gross income, so must wage labbeefsnaintained” for the
same material reasons. That is, such economic reassaswt akin to moral or ethical
requirements-although such ramifications exist and imhdeere chief concerns of a
moral philosopher like Smith-but derive from the necedsityeproduce all the material
agentsof the productive process.

But one factor was still left out. The earlier views of Snaitld Ricardo (as sum-
marized by Schumpeter), and many economists sincettdwnthe reproducibility of the
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third agent-Land-largely for granted. Land encompasdiethose gifts that Nature pro-
vided gratis and its indestructibility was largely assumed. Yet,kwew better. As a re-
sult, can we not postulate that maintaining potentialdeteelop new ways of doing
things, necessarily apply not only to machine capital, Isotta ecosystems, to humans,
and even to the cultural, linguistic, and institutionalrifalthat form the backbone of
every society? Although many difficulties arise when edirgg capital theory to all three
domains, such a recognition may lead to an integrateerstatding of ecosystems, their
multifaceted and inseparable linkages to every societyitaretonomy, and ultimately
their irreplaceable role in the wider realization afiuidual and collective goals.

Such broader concerns, however, exceed the scdpis giaper. Our primary fo-
cus concerns the idea and its value of vieWiorgstsas natural capital. In so doing, we
briefly consider forests from three aspects; all ofclwthiear on their significance as capi-
tal. From the vantage &fcology, forestsare terrestriabcosystemwith trees as their most
obvious component, but that also include many othertglamimals, microbes, and a
complex abiotic foundation. Fueled by solar energy, systems of species, structures,
and processes persist and evolve over time by transfpranic recycling various biotic
and abiotic components under a wide variety of enviesmat conditions. Of course, for-
ests are only one of a great many kinds of ecosystemsevel of biophysical structure-
within a complex and evolutionary hierarchy of interrelatguctures.

From the perspective &conomics forests are one kind oésourcethat is cen-
tral to human survival. Using a special language of ntarrd exchange, economics
envisions a world of human individuals motivated largetysklf-interest, exchanging
resources they own or control for those owned by setHeurther, all individuals either
consume such resources immediately, save them forefatmsumption, or "invest"
them in the broadest sense to enhance future consunpossibilities.

From the vantage dPsychologyand Sociology forestsand other ecosystems
serve many functions in our individual and collectiveviteds, among the most impor-
tant, as we have seen, is the economic. However, tisomic importance by no
means exhausts the meanings of forests. Forests aal rsgitings for human relations
and as immaterial reservoirs of symbolic and aesthigfitfisance to individual and
collective identities ar@o less importanin determining the future trajectory of human
societies than the material processes on which ecologyeemnbmics focus. Thus,
while the individualistic emphasis underpinning, even domigatourrent economic
thought may be an understandable starting point, it is ajgyarent that human possi-
bilities are constrained by ecosystem features and prapertigays not widely articu-
lated nor certainly, widely appreciated. Further complicataise when we recognize
that both ecosystem possibilities and limitations, derivedam fpom the unchanging
laws of thermodynamics and physics, are themselvesiagawnd cannot be described
exhaustively beforehand. Equally important, forests atheer aspects of the natural
world, are not significant to humans solely by virtug¢hgfir contributions to our material
reproduction: Nature serves as a central source ¢dgnand metaphor which provide
essential meanings of what it is to be human. Such meaimuglving moral, ethical,
and aesthetic dimensions-and are also evolving as we eare about Nature and our-
selves. Such meanings serve essential functions irooiad and individual reproduction
and therefore, cannot be dismissed as mere amenitiesawitiaterial significance.
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Forests as Ecosystems

Ecosystems are complex entities comprised of a wide vasfedyructures and
processes. And based on how we see these thingheinddlationships, we usually
visualize these as fulfilling some function or 'purpose’ ihdhe least, serves to main-
tain the ecosystem through time. Such maintenaince doescexdsarily meastasisal-
though the rate of change or evolution may be slow. Etasysomplexity cannot,
however, be understood as simply the aggregate comsExjoé adding together indi-
vidual ecosystem elements. Rather, ecosystem functiongtioerthrough various
structures and processes, and even species themsehaneaxgent propertiesf the
system, with features resulting from the dialectical intgrgaer time of partsand
whole. In this light, attributes of thelationshipsamong elements at any system level
may be of a profoundly different character than attributetheelementghemselves.
Note the introduction dfiierarchy here. Emergent properties, therefore, are not merely
the unfolding of features that were already immanent getebow hidden, but result
from an ongoing creative process and may be entirelglntvdeed evolutionof spe-
cies, of other biotic, abiotic, or even social featuresagbus system levels-can be con-
sidered synonymous with the notion efhergenceThus, it can be asserted that an
evolving ecosystem's new features (and most importardgpitsequences for humans),
can not be foreseen beforehand by any scientific modematter how sophisticated.
As Poincare noted, the real world is its own fastest simu|Studdy 1933).

An important consequence of the above is that an ecosystéch has been
'disordered’ beyond its currecapacityto compensate for, or tolerate change without
'disastef-a capacity which is itself an emergent property-willifeversibly altered so
that in a real sense,reew systenemerges with at least some entirely new properties.
And while many features of the previous system mdlyls evident, some of them
must disappear or be so altered with unpredictabletsffersystem outputs used by ex-
isting species or other subsystems. What is more,chariiges may be irreversibbnd
not only thermodynamically.

It is an ecosystem&ability as a wholeanother emergent property-that is sug-
gested by the vague temuosystem integritgnd for human purposes, that is of greatest
concern in this paper. The products and services whilit from an altered and newly
emergent system might be less than necessary to sustansvaxisting species, espe-
cially humans, under the new conditions. Moreover, swtafus are themselves an
emergent feature of the new system that by its very eagunot amenable beforehand
to any "risk analysis." In short, the continued and redftigtable functioning of a for-
est ecosystem for human purposesy likely depends on 'maintaining' this integrity
within some "bounds.” And these bounds probably entaihtaiaing at least the pre-
ponderance of the elements of its diversity, structangsprocesses, even if, given our
present ignorance, we do not entirely understand hotlvesde elements interact to yield
the integrity we seek. At the same time, human activities are noagrézed as some-
times, and in someplaces, the major source of ecosystanges-and the scale of these

2 The termadisorder and disasterdeserve comment. It is often forgotten that theses are human judgments of inher-
ently value-neutral physical and ecological comdis. That is, one might say that Nature knows ngtloif disorder or dis-
aster: such terms are only relevant in light of Barpurposes and concerns. Thus, this whole dissussimotivated by the
desire to more realistically accommodate a grovhiody of knowledge of how ecosystems and sociaksystinteract and
evolve.

% See Norton (1992) for more details on interpretatif ecosystem integrity.
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changes will increase the difficulty of maintaining this intiygeven in the very short-
term (Gleick 1988). All of this has obvious implications fuman possibilities, includ-
ing the role of ecosystem capital for human econ@iivities.

Forest Ecosystems as Economic Resources

Neoclassical Economic Themes and Shortcomings

Our perceptions of ecosystems, including especially hewalue them, both
contribute to, and are affected by, society's largéwevaystem (Redclift 1993). And
due in particular to the current emphasis on-even the fiedut-a largely economic
way of valuing all things, ecosystems are often seenoim#éorow a light. For example,
when a forest ecosystem is brought into the scopeatlassical economics (NE), its
features are categorized and itemized-in the procésged-so as to facilitate the as-
signment of economic values. While this works well for méormest outputs such as
timber and minerals, the difficulties of capturing the valoé many less-tangible, yet
equally real characteristics of forests are well knowndBsaand Lewis 1992). Thus,
from its perspective of the market with its emphasis on viakexchange, forests in
their totality as ecosystems, are largely invisible. Whileitdmization of some forest
ecosystem elements has undoubtedly helped us use thesrefficiently, it has too of-
ten occurred at the expense of ecosystem integritghiientailing significant risks.

In addition, because NE rests largely on the notion tifremmous individuals-
surely a worthy premise based in thelightenmentbut a very significant and unrealis-
tic abstraction — NE'atomizationof human interests parallels NEsmization of forest
ecosystem outputg/hile these two abstractions no doubt help achedfigientresource
use for at least some purposes (Bromley 1991), theysend for their justification on an
ideology thatindividual ownership of economic resources is itself, aladficientto
ensure both society's survival and it's highest aspiraitiNevertheless, such a position
is untenable for it precludes recognizing other key faciafluencing the stability and
integrity of social systems, except as those requirementd be represented as simple
aggregates of individual economic utilities. As a resultnenasts increasingly consid-
ered other so-called institutional factors that regard enanactivity as but one aspect
of a more complex social whole.

Yet despite many important institutionalist efforts, a simplsion of economic
activity often prevails in practical affairs as well as inippHecisions. Taken together,
such an aggregation atomizedinterests paralleled by a limitetémizationof forest
ecosystem components frequently results in decisiongtitatmpass a mere shadow of
an ecosystem's holistic features (i.e., its integrity) amdefbre inadequately reflect
their full significance to humans. We now realize that marosgstem goods and ser-
vices, non-economic values, and future potentials depertleocontinued integrity of
forests as functioning ecosystems. At the same timecaodlakctive or social interests
that are essential to the integrity of society, and thetiebyhealth of real individuals,
are disregarded. We shall return to some of theddgms later.

Environmental Economic Themes and Shortcomings
Developed specifically from a heightened awarenedbeotentral role of envi-
ronmental quality and intact ecosystem functions for rpideing economic actions,

Environmental Economicattempts to broaden the accounting for costs and benefits

through expanding economic notions of value to includemarket goods (or bads)
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and services (disservices) both now and in the futurad@r and Kolstad, 1991,
Brookshire et al. 1983, Krutilla 1967, Kneese 198Ad&d and Stoll 1983, Walsh et al.
1984, Weisbrod 1964). Through various valuation asgsessment techniques (Cum-
mings et al. 1986, Dixon and Hufschmidt 1986, Hufschratdal. 1983, Johnson and
Johnson 1990, Kopp and Smith 1992, Mitchell and Car8&9)1 environmental eco-
nomics seeks, in a sense, to re-construct the envinaingocially, principally but not
exclusively by way ofnonetaryvaluations.

Such a strategy, however well-intentioned, still sharesliffieulties mentioned
earlier: Among them; (1) the limited applicability of economalues for managing
ecosystems since we don't fully understand how an seyunderpins or contributes
to an economy; (2) problems in accounting for an ecaosysteotential to satisfgther
social valuesor more to the point, to inspimghersocial actions(3) value aggregations
and comparisons across space and time-especialljifftoeilties relating an action to
its possible consequence across the globe, or estingatiagosystem's "potential” value
to future generations, and (4) limits inherent in gaxial institutionssuch as property
rights and contracts that underpin market and non-maake¢s (Anon. 1992, Hausman
1993, Cicchetti and Wilde 1992, Kahneman and Knetsch,1@8@rson and Peterson
1993, Redclift 1993, Sagoff 1993). Based on this briefrsarg of the emerging in-
sights about ecosystem dynamics and possibilities, and thetilim#taof neoclassical
and environmental economic approaches, we now fosubedifficulties of a whole-
sale transfer of apparently analogous notions of capitaldsystems.

Forest Ecosystems as Natural Capital: Parallels anBroblems

We have briefly described the dialectical relationship betwwealth and capi-
tal, their connection through income, and hinted at the teeeg@ply these notions be-
yond their traditional treatment by neoclassical and envirateheconomics. In exam-
ining why this is so, we first consider recent additions taepts of natural capital and
environmental assets (El Serafy 1991, Costanza and D&, Tdetenberg 1988).
These authors emphasize a perspective of foreststhad ecosystems as natural ana-
logs to stocks of economic capital and stress the limépddaity of ecosystems to gen-
erate flows or incomes of economic and environmentalutsitfor sustainable devel-
opment. This new economic goal @fstainability while surely needing refinement, is
still thermodynamically, logically, and practically superior to trereénwidespread goal
of "unlimited economic growth." These authors' treatntérecosystems as capital can
be seen to reflect Clark's (1976) extension of Hick846) classic ideas to forest and
fishery flow levels, stock effects, and optimal harveststat¢hile recognizing the in-
adequacy of Clark's treatment of such assetsirage sources of capital services to
various economic sectors. But problems with extending dapimry to ecosystems
also arise because of: (1) the thermodynamic complexiyiraeversibility of many
biophysical and social interactions; (2) implicit assumptitvas present and future gen-
erations will similarly value Nature; and not least (3) theessity forvaluesbeyond the
strictly economic in order to achieve sustainable regouse. That is, despite past and
no doubt future successes of the alliance between sctesbeplogy, and economics,
justifications for economic actions cannot rest solelyamemic values, for that would
be ultimately self-defeating as well as tautological. We wawd like to follow the
above authors' leads and consider these other probiegrsater detail.
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Capital as afund of services

Even Hicks' (1974) definition of capital astckof real goods that produces an
income of other goods and services, and which diadées seemed sound, unfortunately
confounds several issues that assume critical importainee applying it to ecosystems
for these were developed originally in regard to man-npadeesses. Nicholas Geor-
gescu-Roegen's thoughtsTihe Entropy Law and the Economic Procgs¥71) clarifies
the problems. He reminds us that capital isral which serves-in the sensefatilitat-
ing-the production process. Stocks of raw materials and iet#iate goods flow to, and
are transformed by the use of such capital funds no@dugtion process. That is, he con-
trasts thauseof capital services(in a real sense, agent3 with the actual transforma-
tion or consumptiorof raw-materialstocksso that some physical output results. Com-
bining these distinctions, Capital is thend of intangible and tangible assets that pro-
vide respectivelyservicesand machineryused during a production process in which
tangible stocksof raw materials and energy are actualbnsumedn their eventual
transformation into a final "good." Stocks a@nsumedn the sense that these are now
physically embodied in the product. Funds are not consumibg same sense although
they may be worn out or otherwise made less effecixer time and dialectically,
from raw-material stocks to capital funds and backmaghe outputs of every economic
process can be raw-materials, intermediate goods, fimalsg@r even new or renewed
capital services.

Key aspects oEmbodimentelate to what happens not only to tinaterials
consumed but also to tlemergy Recall that, according to thé' law of thermodynam-
ics, matter and energy are never destroyed but carigformed. Taking matter first, its
transformation seems clear-cut because of its tangibilitgametrace (albeit often with
difficulty) materialinputs to either their presence in the product or as a piteatdrial
waste. And we are constantly looking for ways to redheematerial requirements per
unit output, thereby increasing efficiency. Similarly, as@pct acquires greater use-
fulness in its structure or location, part of the energysaored can also be considered
as embodied in it. Moreover, energy use can also beiegdmand its waste often re-
duced. Nevertheless, energy efficiency and its soet&llaste” must be considered in a
completely different way than that for matter.

Every process results in a great deal of so-callexbtsvenergy”. Indeed, th&'2
Law of Thermodynamics tells us that thermodynamic effieis proportional to the
difference in absolute temperature (degrees Kelvin) letwibe temperature of the
process and the environment or "sink" into which tlaested heat is dumped. For most
processes developed by humans, such absolute tempatifteirences are small and ef-
ficiency is necessarily low, seldom exceeding 30 pereamt,usually much less than 10
percent. In fact, for the most important thermodynamiccese on the planet-
photosynthesis-the efficiency with which light is converted toarbohydrate is in the
range of 1-3 percent. That is, not only can no proa&tsén 100 percent energy effi-
ciency, most processes of significance to humans peddnge-even huge-quantities of
"wasted" heat as well as matter. Moreover, because thpgeerature differences and
other refinements in the process can be improved in arfgw important instances,
such low efficiencies are unavoidable, with obvious conmecgs on the utility that any
resource base can provide. In addition, such wastesmeiitioned usefulness of recy-
cling to the contrary-are largely unrecoverable. éttjeo even speak about such energy
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losses as 'waste' misses the underlying reality: therraoggriosses or waste are a nec-
essary condition for useful work! No energy wasteansethe process has stopped. Fi-
nally, despite the necessity for such wastes, they remdie ianvironment with poten-
tially significant, often unwelcome consequences for fubaesystem possibilities.

To summarize, capital provides useful services that asiédcan be distin-
guished from the useful intermediate and final goodsadher raw materiastocksbe-
cause capital emerges from the productive process withcit&ative or service capac-
ity relatively intact. Stocks of raw materials and intermediatedgoon the other hand,
do not emerge intact and in fact, are consumed tniiEdied in final products. These
differences are of special significance when applied ésystems. Whereas all funds of
services and flows of stocks are unavoidably confednid the dialectical process of
their reproduction, such services and flows can be leggonably separate only in con-
ventional economic activities. This is due to the fact ¢lcasystems are simultaneously
(1) capitalfundsof services and structures as well as (2) the veryceafrflows from
stocksto be consumed by humans and other components ettsystems themselves.
Moreover, while we cannot avoid converting and altetivgphysical funds and stocks
originating in ecosystems, the actual creation ofsyrstenfrom which these resources
emerge, is largely a emergent action of Nature anddeutair abilities-albeit, certainly
not outside our influence. Thus, our ability to 'steechssystems over the long term
toward some preconceived goal is highly unlikely. Finally, ttatenial and especially
energy wastes of our activities—remain in the emvitent and have demonstrated but
unpredictable impacts on ecosystem form and functiona¥ecertain to witness fur-
ther surprises.

Maintaining a capital fund

The problem of maintaining ecosystems concerns us Heks (1946) pointed
out that the income resulting from a production procedscansumed per unit of time
is at its maximum if, over the long run, capital's incqmeducing potential isot di-
minished Thus, Hick's concept of income, although perhaps @iigig from a nar-
rower concept of capital than discussed here, implicitly endgilsnciple of sustain-
ability. Somehow thdéund of capital must remain "intact." In the case under corside
tion here, while capital services are gohsumedn production, theyre "usedup" in
the sense that even while idle, let alone in heavy usdawseof thermodynamics work
their inevitable deterioration. And since man-made capitaiatarepair itself (perhaps
the reader can see where we are eventually going), ebthe gross income must be
"diverted" from our consumption to maintain and evelhjuaproduce the fund. The
crux of our argument is that capital funds includes not omiy-made machines, but
also individuals themselves, their societies, and ecosysRumhsegardless of such im-
peratives, what can we really do in a physical and theymamic sense, when it comes
to ecosystems?

Considering ecosystems as natural capital, their repaiemacement is not
strictly possible to the same extent as for man-made Lapitave hinted above. As
briefly sketched earlier, ecosystems are not static; tlaious structures, processes,
and functions supporting diverse patterns of biotic and abét#iments continue to pro-
vide their own impetus for the emergence of new fasfrarganization at every level of
ecosystem hierarchy (Shultz 1967). This emergent charticteof evolving ecosys-
tems-stimulated by internal system interactions, human aaiotheir combination-
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may in many important ways confound our goal to mairtadosystem integrity." Such
changes, regardless of their origin and despitéest intentions-even our complete in-
action-may push ecosystems beyond their ability topsomsate or tolerate. Moreover,
such resulting disorder-or more accurately-the emergeha new order-will not be re-
versible in most if not all cases. A real risk, especially astiade of current ecosystem
interventions, is that some process, function, and/orespetmaterial significance to
humans may disappear (Ciriacy-Wantrup 1963).

Such hazards are the basis for increasing calls to nteesyme say radically
reduce-our demands on ecosystems while we still havetémeneuver, short of dra-
conian limits on population and/or consumption. The coresaps of forest ecosystem
degradation or simplification may not be reversed as imhfijeconventional notions of
capital repairs or new investments. Depending on theigewéthe changes and the in-
exorable laws of thermodynamics, what we have torndesumay too often exceed our
ability to restore. For example, deforestation for whateeason and in any locale can
alter the biophysical make-up of the region so as to reoludestroy at least some of its
subsequent functions affecting their potential for humanstteer creatures (de Groot
1992). Replacing such forests by plantations or githesumably adaptive responses, in
turn, often require very large inputs of energy anceiothaterials. Sometimes trans-
ported great distances and under questionable somalgaments, the sustainability of
such material and social commitments is also in doubt:ifNthie option of restoring
what previously existed as easy as so often claimed. Siiméar irreversibilities may
arise in the social arena will be discussed later.

The duality of forest incomes

Let us now consider the availability of forest ecosystemasseconomies and
societies-whether such assets are particular specieslebreeosystem processes, and
so on. Such categories includatural goods and services which may be considered as
incomesin the broadest sense. Figure 1 shows how we migtgifyiahesencomes ac-
cording to their varying impacts on economic activity. Taistinctions are required:
first, between incomes accruing poesentor future generations; and second, between
actual or potentialincomes. Considering income to theesent Discovered and used
refers to the incomes of those goods and servicewrkiand either used, consumed, or
invested by the presemiscoveredbut unusedrefers to the incompotentialsof those
goods and services which, while known to be usefulnatewvidely used now due to
(perhaps temporary) technical constraints. Consideringriacior future generations,
Discovered and usable=fers to the income from those same goods and serwikich
the present generation uses and which future generatibrrobably also use, ithe
capacity of capital to generate these goods and senasdselen maintaine®iscover-
able and undiscoverable as well as usable and unusadfers to all the income poten-
tials thatmayone day be converted intctual goods and services as we learn more
about forests, those that we may learn about but maar fiied a concrete use for, and
those features that we may never uncover. This faatbgory lies beyond a so-called
forest capital frontier Below and to the left of this frontier are those things whieh
can, could, or willuse and thereby can be consideredcisal capita)] and to the other
side are those things which weayone day us@otential capital

Elaborating further, various authors who distinguisheth-maddrom natural
capital also suggested thatomesmight be similarly classified. However, such a dis-
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tinction would be arbitrary because all income for humparposes is a joint result of
natural and human action. Moreover, while natural incoefers to the goods and ser-
vices generated by natural capital,atgual contribution to the present economy is un-
avoidably less than ifgotentialbecause some of these goods and services are wiused
even undiscovered and therefore can not have econahie in the present genera-
tion's terms. That is, economic value depends on both weislef economic and on
technological developmengspeciallywhat weknow about ecosystems. Some of this
natural "income" cannot yet be used, is onlpaential, and therefore, cannot be
counted. Yet, paradoxically, if we do not attempt to gaize, if not actually account
for these potentials-even if only in a partial, or indicataghfon-natural capital will be
undervalued at best. At worst, iiegradationor depletionwill go unrecognized per-
haps until too late. Sualmder-valuationsand resulting depletion would violate Hicks'
implicit principle of sustainabilitynentioned earlier.

Forest Capital Frontier

4\ Potential Discovered Discoverable
Social Values Unused Usable
d Unusable
an Undiscoverable
Economic T
Advance Discovered ‘ Discovered
Actual
Used Usable
Values
Present Future

Time %
Figure 1. The duality of forests as capital asséis present and future

Environmental economics has attempted to address thiteprdiy expanding
notions of value to better encompastal values-for example, market and non market;
consumptive and non consumptive; or use and non-ugee\E2n non-use values such
asoption existenceandbequestvalue (Brookshire et al. 1983, Krutilla 1967, Kneese
1984, Loomis et al. 1984, Randall 1991, Walsh et al. 1@8dsbrod 1964, Braden and
Kolstad 1991) that attempt to assess non- economic valuesightibe considered as
estimating future potentials, are not thiure generation'ssssessment. All these are
still actual values because they only reflect the value framewotkeopresent. In other
words, such values are at most, only opportunity costpréssentgenerationis willing
to pay in order to convey these unknown potentialfi¢oftiture:Option value reflects
current willingness-to-pay for theventualuse of resource opportunities already discov-
ered but unusedExistence valueeflects current value of the possibility to presame
discoveredand unused resource opportunities; and fin@gguest valueeflects the op-
portunity cost of current moral choices-the cost of sagrifice for our "doing right by"
the future generation. Yet while the totality of lossewltieg from such irreversible
changes to forest ecosystems may not be exhaustiveseddeforehand using ordyr
economic costs, this is not to belittle their importarideese costs may motivate us to
maintain such potentials in the most cost-effective marilest important, such esti-
mates may be all we can muster to determine the figggsds fulfilling our moral re-
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sponsibilities where it appears that either the pregetitecfuture must suffer: No moral
law could force us to risk our own lives for some spative future, even if imminent.

The unavoidable overcapitalization of nature

The last problem to be discussed here was identifie@Gbgrgescu-Roegen
(1971) and concerns the common analogy between ayamd nature. He points out
that this analogy is not only incorrect, but potentiallyntfait, for it exaggerates our
room to maneuver when we decide to manipulate ecosysterfulfill our needs. A
common and proper focus of industrial economists is tipeeseing of sub-processes and
the scheduling of raw material and intermediate assembliaesfactory so that every
capital asset is fully utilized. Indeed, such a procet®ivery definition ofactory. And
again, such a focus applies not only to machinery andmaterial but tdabor-recall
Adam Smith's recognition of their commonality as capitathis fashion, and given the
factory's work day, its technology and the skills of itskeos, output is maximized and
unit cost minimized. Other features of a factory: oncestlstem is primed so that ade-
guate stocks of intermediate materials and goods-irepsoare maintained at every
stage, production of final products can be considegdntaneous; further, once primed,
a factory can be stopped at any time and restarted utittnieall losses.

But when it comes to ecosystems, and with few significacé@tions, none of
these conditions apply. Given the fundamental limitatiothef earth's arable surface
and its crucial function as a collector of sunlight, werasefree to analogously stack
such processes. Similarly, anytime the sun doesn't shieeldgtion” halts with no
other option. Further, once a plant has germinated, gyattoetic growth and respira-
tion cannot be interrupted until natural periods of dereyaare reached or plant matur-
ity-as we define it-has been attained. To do so wouwddltrén a total loss. Thus, every
component biological process must wait its "natural ord&s.'a result, natural capital
cannot be so sequenced and scheduled to even sigthficaduce, let alone eliminate,
its inherent "inefficiency" at least as seen by shoriteconomic understanding. In
short, nature is overcapitalized and as a result, t®ooss never be factories. This is an-
other example, perhaps the most significant reason, véhgrihlogy of capital can be
pushed only so far.

Asset Value Justification in General

Of course, the point is not to just let the future happanto avoid difficulty as
best we can. While long-standing expectations for futaxeldpment have certainly as-
sumed that ecosystems would automatically exist to fulfillhtbpes we have for our
posterity, such continuity can no longer be taken fangrd and we must now do more
than merely recognize our ethical/moral responsibilitgtteers in the present as well as
our posterity. That such ethical or moral considerations anss, in no way implies-at
least in our view-that such perspectives are superiontsiqai considerations as exem-
plified in the necessary structures of either ecosystenssaal systems. Our point is
that neither is sufficient on its own account to ensuresarvival. Indeed, no action or
perspective can do that-humans are inherently fallible ben & they weren't, the
physical world would still throw surprises that we could handle. Both perspectives
are enormously useful to inform the other of weakregsdts ability to cope single-
handedly with various realities of human existence.
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One way we might approach this conundrum of identifyhngy unidentifiable is
by considering all value bases that underlie why wghhvalue something. By so doing,
even if many, perhaps even all such bases, cannotantitgtively measured, we may
more likely appreciate the hazards-ecological, econopgychological, or sociological-
that current actions may entail. And while such apptiecizan't guarantee success, the
greater caution it might engender may increase camags. Most important, these other
bases of value could provide more robust reasoreofwidering forests as capital.

Economic values and the material fabric

The valuations a society imputes to forests, while nt#rdéned by it's needs,
are heavily influenced by them. And, in turn, suchdeestructure and are structured by
a society's economic and cultural development. Of coarsegiety's most basic need is
to survive. And to the extent that a society is successfukieting this basic need, per-
haps even engendering a "resource surplus,” suctplsean then be directed toward
other 'needs' perhaps leading to more than mere survt& developmentBut it is in
the economic facets of this broader developmental prodeme economic values have
evolved, in a sense as society's endorsement of itdbewehskill in using resources to
meet its material needs. Thus, economic values are oalgfamany kinds of value that
a society needs to develop. And regardless of all thelses' functions-that is, all the
different roles such values may play in this developraéintalues eventually lead to
actions. And here is the point: every action regardlésts anotivation has economic
consequences. Economic values, because they arasfcaflg to use the environment,
will entail particularly direct environmental consequercesy potentially hazardous.
Among its most important are effects on the integrity of nahtaystems-a property
which economics cannot illuminate by itself.

The increasing attention accorded to natural resouraauating is a direct re-
flection of its promise to more realistically link economic esations and performance
to an ecosystem's productive capacity in ways that wilhlenss to extract a sufficiency
of economic value while somehow maintaining ecosystem itgedtarrison (1989),
Bartelmus et al. (1992), and particularly Repetto ef18i87, 1989), have made signifi-
cant suggestions to this end. In Repetto's evaluatiothedhdonesian and Costa Rican
economies which are heavily dependent on exportingalaesources, when the forest
and agricultural ecosystem capacities producing thesertsxpere examined, net eco-
nomic productivity-formerly seen as increasing dramatieatg either level or had de-
clined! The reason: conventional measures of economforpence regard ecosystem
inputs at zero cost. Ideally, a complete accounting wanidls&neously determine the
actual value of the income producing capacity of radtaapital-which involves the
economic values to the present generation; and its potgatig-involving the eco-
nomic value to future generatidng&nfortunately, as with predicting emergent proper-
ties or reversing the irreversible, this is not possibleilé\We must assume something
about the values of future generations, we must not &twrmuch. We shall return to
the question of future generations presently.

4 Economic values are derived from the utilitiesrafividuals now living, and may have little relewanto future genera-
tions, because thieiture values--of ecosystem goods, services, functiomswerknown potentials--can only be justifiably
based on the utility ofuture individuals. Current option and existence valuely eeflect the willingness ofresentindi-
viduals to pay for preserving opportunities forithewvn future as best they can visualize it.
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Economic values and the social fabric

We have just pointed out that economic values are akiadiof value grounded
in our material necessities; are directed toward adgfginrand in the process, manipulat-
ing the environment; and such manipulations entail intatlgicinknowable hazards as
exemplified by "damage” to ecosystem integrity. But eoain criteria have other limita-
tions. First, the economic value of a forest fails tawaptheir full value because of limi-
tations in our knowledge about forests-how they funciah their myriad connections to
survival beyond the immediate commodities yielded. Sedoate values will depend
on future understanding-hopefully more advanced-nigt@fithe ecosystems from which
future demands must be met, but also-and here is a Icpairg-of the social fabric
within which such values and demands must arise. [eofatft is, and in every society,
many values and "needs" are often socially construetihe than irreducible material
necessities. It would be especially ironic if, in emjtiag the ecological and economic
understanding that must be improved, we neglect equalseary improvements in our
understanding of social motivations on which our suhalgo rests.

In this light, we must recognize that people value forfestsnany reasons, not
only those reflecting economic need. And such non-@oinreasons may nonetheless
have economic consequences. Forests are valued systecos that support all life, as
resources for our survival, and as places of greabsljmand aesthetic inspiration. Yet
even though economic necessity is arguably an imperafithe first order, reflexive,
longer-term perspectives made possible by the emergdrttuman consciousness, and
institutionalized in society may prove to be more rolstisttegies for survival than sim-
ply meeting largely short-term basics. We refer to thktylef humans to incorporate
reason and experience to evaluate-using many differiatia-the possibilities for un-
expected hazards that instinctual tactics have no chanaatigipating. Short term
views fall into this category. Such a more "complete'cspen of values, when inte-
grated in a suitable socialization process, can provideithdils and societies with
both the constitutional and institutional support, respectiviely,much longer-term
views. Especially as compounded by the challengésigé populations, it may well be
our ability or lack thereof, to integrate-some say to regnate-such wider arrays of
values that will more likely lead to success in managingetiith's resources sustaina-
bly. In short, other non-economic values are just as ealiedconomic values for consid-
ering forests as capital.

A particularly important category of value concernsithportance of forests to
the communal dimension of social life. In economicshstammunal or societal values
are too often seen as simply the aggregated sum dit{fialale) forest values to its in-
dividual members. In this aggregate "sand pile" approtiehonly point of reference
from which value is derived is in terms of what someghiioes for the ‘utility’ of indi-
viduals. These individually oriented utilities are then &tldp'-and this is another cru-
cial point-it is only at this juncture that society gsaint of reference is introduced. But
social life is not that simple: Individuals do not 'relatesaciety only when their values
or preferences are 'added up' with those of othetmdrthem. Individuals are part of
society from the moment they are born. Indeed, withoustizéalization processes of
culture and languagéhey would not develop into individuals atll

®Certainly, individuals are seen to ‘value'-i.eriwe utility from--being members of a society. Ehere society is a 'secon-
dary' point of reference: being a member of sodetyn a par with any other group one may belorg1g., the YMCA. In
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Taken together, narrower economic perspectives-valuengsoriginating in
impossibly autonomous individuals, who somehow arose withaonections to a nec-
essary and enabling culture and language, and vallimited to only an ecosystem's
material commodities without recognizing how its organicgritg contributes to our
survival-may well prove fatal. Costanza and Daly (1980pgest that aHomo
economicudliffering radically from the pure individualist assumedngpclassical eco-
nomic theory, could enormously bolster the imperativediesider future generations.
They state:

"This broadeHomo economicu&all himH-e 2 to differentiate him from the neoclassical

(H-e 1) is a persorin community(our emphasis) rather than a pure individualise 2is also
fully informed about how the economy is relatedetmsystems and is constitutedhis very
identity (again, our emphasid)y the relations of community with both future gextens and
other species with whom he shares a place in theHse 2would value natural capital accord-
ing to its relative long term potential for suppogt life and wealth in general. The willingness-
to-pay ofH-e 2(person in community) is hypothesized to be ibadance with this long run ca-
pacity to support life and wealth."

Indeed, it is the neoclassical assumption of a utility ma&ihg Homo
economicusallied with the notion that actual human behavior caretaced to the im-
plicit operation of an economizalculus that while so powerful and useful at one level,
is so unrealistic, even destructive when attempting toodege the social fabric. Un-
doubtedly, such communal values exist and the 1992 Emagntal Summit in Rio de
Janeiro is only one piece of evidence for their emergert only in small groups but
also at the international level. Of course, many importaesipns remain: By what
yardstick might communal values be measured? Whatevaerithga, these must ex-
plicitly recognize mechanisms, institutions, and evolutipnaocesses through which
the validity and legitimacy of communal grounds of valuatiake their place along
side an equally important (but presently oversimplifiectrumental and economical
use of nature. At minimum this requires that the signifieasfcforests not only to indi-
vidual utilities (in terms of one's own life historiesdaprospects) but also to maintain-
ing and reproducing social relations, be the object ofyeasset valuation method.

Economic values and the ethical, moral, and aesthetfabric

All the above suggest that assets and their valuation emé&ch more complex
and important notion than generally realized. But if ynaaw recognize that effective
forest management requires a multidimensional spectrunalofs to integrate pre-
sumably objective aspects of the material world with fegHaps less objective) socio-
logical (Bengston 1993, Iverson and Alston 1993), loaw we incorporate such appar-
ently different notions into development objectives? Wak the answers lie in com-
bining the material domain of values summarized above tgthatentially immaterial
aspects. First, as outlined above, we must better attetite physical and social criteria
by which we may most likely achieve material and cultsustainability. These two ar-
eas are sometimes seen as separate, yet both aréghtrelassed as sciences for both
deal with different aspects of the material world. And esitiee reasons for considering
forests as natural capital are motivated primarily leyréalization that current ecological

this view, individual valuers remain ontologicaflyior to, and somehoweparatedrom, society. In contrast, modern so-
ciological theory recognizes individuals as ontadadly a part of society, who arise if at all, only after a lémg uninter-
ruptable, and hazard-filled process of physicakdtgwment and mental socialization. Thus here $oojetyandindividual
can be seen as another dialectical continuum.
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understanding is materially inadequate, so too shoulddtdae that a systemic, which is
to say, scientific understanding of society is also nacgssf which the economy is only
a part. For these two functions of material and sociabdejmtion are inextricably linked

in an emergent and evolving material and social world; it ithe social system where
major motivations and aspirations to direct these ae$vitiust first arise.

But second, no answer will be satisfactory unless ourteffo achieve sustain-
able development also consider ethical, moral, and akesttietensions however diffi-
cult this may be. Such additional considerations are nagefs the simple reason that
our material and social science will never be able tohcagcwith real developments.
Again, it is not a question of which viewpoint-material @odiological versus ethical,
moral, or aesthetic is superior. None is sufficient byfiesed we must supplement our
impressive yet insufficient grasp of physical and ecoic reality with the necessary yet
surely problematic perspectives of duty and obligationsHart, while scientific per-
spectives have dominated recent efforts to understant suisgainability means and
will continue to play a major role, the legitimacy-indeed taeessity-for other kinds of
value such as ethical, moral, and aesthetic will be incggsasserted (Andersen 1966,
Sankovskii 1992, Sagoff 1988, Callicott 1985, Rolstons] ®&:hroeder 1991, Ehrenfeld
1988 and Brown 1984).

Depreciation, Depletion, and Capitalization

Attention thus far emphasized several problems wathiing forests as capital
assets. We now consider the extent to which these probfersisalter how we apply
capital theory's notions afepreciation, depletion, and capitalizatiotm marshal the re-
sources for maintaining and reproducing healthy ecosysteetall that the definition
of capital for our purposes is a produced fund ofdgabat are themselves used but not
consumed in the production of other goods. Such othmtggmay be stocks of interme-
diate products, stocks of final products, or new capitadi$u Consider briefly the two
perspectives from which the value of any capital assetbmagxamined. While a ma-
chine, for example, could be sold in its present conddiwhthus yield an income to its
owner, this is not our concern here. Instead, we areestel in the second perspective:
a machine's function as a capital asset in an ongoing gioxyprocess.

In terms of this ongoing process, a machine's imnediacurrent value may be
regarded as its replacement cost. And yet in its presewition, this cost may well ex-
ceed the income to be derived from its sale. This highligiigSact already described,
that as we use capital assets, they undergo quantitativeualitative changes: Even
with the best of care capital assets wear out or becosmedd. Such losses in value are
termeddepreciation.And since we assume that the firm will stay in business, #s d
preciation must be estimated, a portion of gross incomeisnathount set aside, and
eventually expended to repair or renew the asset. Toeegs of repair or replacement
is termedcapitalization

The effects of utilizing other kinds of assets, on the dilaed, are reflected not
so much in qualitative changes-as with capital use-but intigative reductions in their
size due to their actual consumption. As mentioned earfiey material stocks such as
oil and other minerals are consumed by the productiocegs; and their reduced con-
tributions to the income generating capacity of a firmeiected not in their less-
efficient functioning, but in a physical transformation that de likened to 'disappear-
ance.' This type of reduction in value-terndapletionis proportional to the quantita-
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tive and permanent reductions in the size of a finiteureso Depletion is analogous to
depreciation only in the sense that both represent dexxr@apresent and future value.

In contrast to such finite, exhaustible resources sudwoas while the harvests
of forests (and other so-called renewable resourcag)atso reduce stock size, under
certain conditions particularly affecting rates of use, swsources have an inherent
capacity to replace themselves-which is why we call tresmawable In this case, while
depletion may be avoided, depreciation cannot. Inroffwds, renewable resource
flows may continue only if we ensure that the underlyimgductivity of the self-
organized and self-reproducing process is somehow taiaéu." We will return to this
guestion of maintenance later.

Let us now briefly consider forests as both a capital fumdias a stock, and the
significance of depreciation when viewed in this manner. éscidbed earlier, at some
time in a forest's life a direct income may be obtaineddrngexample, a timber harvest.
For such presently utilized goods and services, the ingenerating capacity of the
ecosystem is (to a greater or lesser degree) realizégk imarket value of the timber
cut. Such a value is also realized by the present gemerti contrast, forests that are
not harvested may be regarded as continuing to playrtileias capital assets, much as
the machine in the ongoing firm, in the following importaehse. A sizable but still
growing forest's ability to provide timber is both in fhresent and future. Whether this
resource is utilized by either present or future generatiwems that these resources
may be viewed simultaneously as a final product (i.e., dvece of currently existing
and immediately utilizable outputs) or as theansby which future products may be
continually generated-that is, eapital. In effect, forest lands possess the ability to ap-
preciate in real valug.

A similar logic applies to depreciation of forests asitehpssets. First, if a for-
est's actual generation of a good-that is, its supply-isese@ithout a shift in demand,
per unit price may decrease enough to decrease thetiotd value of the good. And
while income may be redistributed among various grogps eesult of such a change,
whether real welfare has improved requires a morelddtakamination of this redistri-
bution. This situation parallels the example of price apatien noted earlier. But of
more immediate concern here, if the capital stock ofesfacosystem is materially de-
pleted, both its current and future income potentialsedse. The extent of this de-
crease, and in effect the severity of the problemedds on what is envisioned as actu-
ally decreasing; that is, what values (reflected in incgewerating capacity) are re-
duced; and these values depend on what goods aridesetive forest is envisioned as
capable of producing. In most cases, depreciation is tinitevear and tear on the ca-
pacity to produce commodities that people are awaemofdesire: An important impli-
cation is that if there is no demand for that which is lestass in economic value
would be recognized nor depreciation reserved fromuwuopson! This problem will

®Two points merit attention. First, forest stockuesd may appreciate because of increasing exchaniger aise value. The
former, termedprice appreciationpccurs when, as forests becomes more scarces pfitke goods and services they gen-
erate also increase. Since no increase in phyisicaine flows has occurred, we are interested irsém®ndRealor Use-
appreciationoccurs when potential incomes are turned into &4@teames or when resource quality and quantitydases
when recognizing ecosystem features--for examptaeased demand for forest recreation, recognihieg/alues of pro-
tected forest properties, and increased water tgudilie to less pollution. Second, real value insesa(measured at time
t+1) must also reflect the income that could havenkgerived at timé by liquidating the forest. This income was foregone
when the forest was allowed to function as capital; to produce more of itself. Such income foreg is determined by
the product of market value at tirhetimes the interest rate compounded over the pé&tibd
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inevitably occur when not all of the functions which ansstem's income producing
capacity must serve, have been identified-i.e., whenrartly unknown part of its out-

put may be needed for its own replacement and develdpisra result, we would

overestimate the productive capacity of forest ecosystand if so, maintaining long-
term forest productivity, at least as now understood,ldvbe unlikely. Replacing di-

verse natural forests with single species plantations hawimgiied-and perhaps more
unstable-ecological functions fall in this class.

This problem is also reflected in the measures used tessass forest's
(fund/stock) sustainable income producing capacity siscitssizeexpressed in area or
volume. But as James et al. (1989) observed, this indisatmt robust: In some cases,
sustainable yields may be enhanced by increasing stoelor example, when a forest
is established where none existed. In other instancelkgically appropriate harvests
of old, slower growing stands followed by immediate reétation may reduce stock
size but increase future yields. A forest's income pebd) capacity also depends on its
age-class distribution and other structural details-not &faghich is its spatial or hier-
archical interconnections with other forest componentstiter ecosystems. For exam-
ple, a conifer plantation could have the same spatiahgadcclass distribution and vol-
ume as that of a natural forest with many species, butstaigable net income capacity
may well be reduced if all the costs of maintaining the tbgerse system were consid-
ered. Similarly, the function and efficiency of a farnelsér-belt system depends more
on its arrangement with respect to wind direction, plantinepes, tree and shrub
growth form, and its linkage to a system of shelter-beltsss a landscape, than on its
individual area or volume.

Returning to the central problem of maintaining an ecosyst@roductivity,
from Hicks' perspective, forest capital can be maintaoreidcreased via a process of
capitalization which would invest the depreciation allowancesim or restored capi-
tal. Capitalization might consist of investments to increasesf area or density, or by
investments to improve wood or water utilization, to enhdheestability of ecosystem
structures, or to develop more efficient and durabteepes of land use. But significant
difficulties arise because the capitalization process is uragidhiased against its po-
tential or future capacity. Only the depreciation of actapbcity would be a relatively
straightforward matter. Further, even if depreciation wegdistically estimated and
feasibly reserved-and as should be evident, such tasksy no means simple-to what
extent could we effectively expend such allowances tmtaia or restore an ecosys-
tem's income producing capacity? What level of forestfaiseur needs could be sus-
tained while adequately ensuring for its recapitalization? Egyrguch methods imply
reversible processes and in certain locales or aftelirc@nactices reversal may not be
possible. And if we cannot restore a previous systemat are the altered system's new
possibilities?

As a result of all these concerns, and of coursenwie have the room to ma-
neuver, passive capitalization strategies may be outt ggftésn. Instead of problematic
ex postinvestments to mitigate damage, we may be better off tightiarvests or other
uses so as to leave the ecosystem with enough incolitg-equivalent in ongoing
structures and processes-to maintain itself. After all, migdht say-and not so meta-
phorically at that-while we do not yet know how an ectmysmaintains itself, the eco-
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system 'knows'. To the extent that we can stay out 8fWiy, we might sometimes be
better off.

Thus far, we have raised key problems in considerngsts or other ecosys-
tems as natural capital. And while our ecological understgrits advanced tremen-
dously, it is safe to assert at this point that it is eulyenot up to the task even if we
have little choice but to continue current practices.hiorts while capital theory's no-
tions of depreciation, depletion, and capitalization offer irg perspectives for op-
erationalizing our attempts to manage forest ecosystemnsiderable difficulties arise
because of the coevolving thermodynamic nature ofysta®s and social systems.
Constraints imposed by the laws of thermodynamics, dsas¢he patterns of resource
use resulting from societal attitudes towards, and interectigth, natural systems im-
ply thatany use of renewable resources may have lasting and ectexpeffects. Thus,
the "reproduction” of neither system can be taken fantgd-even perhaps, at very low
levels of interaction. Based on this by no means exhaustimmary, we now briefly
consider a few implications for any attempt to developemealistic resource accounts.

Implications for Forest Resource Accounting

Linking sustainable use and economic need

Thus far, we have described a number of conceptdhlezaluative aspects of
forests as natural capital. We pointed out difficulties itemeining and adjusting eco-
nomic uses of forests to their sustainable potentialsleVéapital provides a broadly in-
tegrative idea in regard to functional requirementgpfoducing ecosystems, economies,
and societies, certain limits in its applicability were idéetdif First, due to the evolving
nature of both natural and social systems, includiagrtbversibility of many constituent
processes, we cannot steer them in quite the waytistseand foresters have assumed.
Thus, any capital account, while intended to link economtiom and forest ecosystem
integrity, may provide only limited indications of sustdie output levels.

Second, all forest values are social constructions b@sedolving material un-
derstanding, as well as world-views and expectations. ¥eause such expectations
may be unrealistic while at the same time strongly influenasurgconcrete actions, they
may lead to actions which irreversibly foreclose futuresimilgies. Thus we must rec-
ognize that any set of qualitative or quantitative measuesteatative in another sense:
Our concern is not so much that current forest valuationsot adequately account for
wear, tear, and obsolescence-this is inevitable-but thegntuactions may result in de-
structive consequences. That is, our concerns areniusb about "sins of omission",
as about "sins of commission." This should further boksteimperative for caution.

Third, we described economic action as rooted in largslyumental and indi-
vidualistic values, and highlighted the limitations of sweliues to meaningfully ad-
dress collective concerns such as ecosystem or sostehsgtability and integrity. The
problem here is not so much that an economic perspestibodies no values of a col-
lective nature. Such a view is mistaken when we recodghéten 'good society' from an
economic perspective is instituted in social arrangements tloat aldividuals the
freedom to pursue their own legitimate interests. Thauish a society entails a mini-
mum but necessary legal framework to ensure basic indiMdynts to all. Thus, such a
society is seen to be the collective reflection of thdcbealue of human freedom
(Wuthnow 1987). Nor does the difficulty refer to the cimttion of an economic per-
spective as a central value of democratic societies;aben that, if the driving force
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for individual actions is only definable in terms of individupigsuing their own inter-

ests which have no necessary relationship to the inteffestisens-then no notice can be
taken of the fact that individuals are simultaneously bres of both social communi-
ties and the natural world. If this difficulty were more elidappreciated, then commu-
nal values-reflecting individual membership in both social aatural systems-would
be accorded their proper status. In the process stipygy justifiable individual desires,
we must not forget the ecological and social fabric thatsgrein to a more mature de-
ployment of collective experience and wisdom.

In light of the above, it is not surprising that as we enfream theory to practice,
how to measure the condition of forest capital in ordenamntain its "income" produc-
ing capacity is not clear. The following briefly considéieny we might address this
problem via a system of three interrelated natural rescarcounts to track: (1) actual
incomes, (2) potential incomes, and (3) their linkageugh appropriate estimates of
depreciation to re-capitalize renewed or adequately giemtenatural capital.

A system of Actual, Potential, and Linkage accounts

Based on our discussion of the duality of forest incorhes complementary
natural income accounts are implied (Figure 2). Firstsictering the welfare of the
present, natural income refers to the stocks of goodsram materials consumed or
ecosystem capital services used, and would be recordedet ofActual Income Ac-
countsto physically and monetarily track resource stocks éoist as well as capital
asset conditions. Existing resource accounts emphasize sbthese features, such as
timber volumes and prices, but could be broadenedantimly to include other eco-
nomic resources that sustainable resource managesfierts require-at least as cur-
rently envisioned. Actual income for certain resources aghvood, may be more
clearly tied to specific housing and paper requiremenescbais population and per cap-
ita consumption projections in particular markets. But wihiéeMarketis a very power-
ful device for allocating resources and stimulating iraiimn, we can no longer fall
back on the wide-spread ideology that markets can somsidesstep the laws of ther-
modynamics through technical advance. Taking nothingjfanted, we may avoid in-
complete abstractions so characteristic of current atso@nother addition might be to
more carefully track tangible and intangible public assetbodied in infrastructure
such as schools, universities, and research facilit@<ocus on natural resources.

Second, considering future welfare, natural income refeimth the potential
goods and services that might be discovered and deliasrae!l as those now already
known to exist and therefore potentially available for comstion. Ideally, this set-
termed thePotential Income Accountsould track the stocks and flows of all potential
life supporting goods, as well as the funds of natwapital services generated by or at-
tributed to ecosystems, regardless of whose welfarenthgybenefit. Yet we mentioned
the paradox of attempting to measure such potentiale #imse may only be realized
and thereby valued in this limited sense by future geioers. However, there seems lit-
tle argument that we in the present, have some responstbiltarry forward, as best
we can, the current mix of forest ecosystems, perbeg@s enhancing them as foresters
have for a long time claimed. Of course, the exterthisfresponsibility is another mat-
ter. Such potential accounts would attempt to measurguhktative and quantitative
but non-economic aspects of current ecosystems thatighg plausibly link to future
ecosystem productivity and stability. Most obvious wooddinventories of many cur-
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rently non-economic plant and animal species, and other non-adongualities and
quantities of forestland, water, and air. A very diffigtet important task for the ecolo-
gists, such accounts might consist of indices of "heakbgsystem structures and func-
tions that underpin economic productivity and ecological stabiRgcent attempts to
define and operationalize measures of biodiversity ahdrandications of ecosystem
"health" and integrity come to mind (Costanza et al. 1992)

Forest Resource Accounts

/ Actual/ Economic\ /Potential/Ecological\
Accounts e O\ Accounts
* Timb M Linkage/Opportunity | | g; ;e Ecosystemic
et oney Cost Accounts * flora * structures
* Minerals Material

* fauna * processes

* Water Energy \ *p . P
reservation ;

* Recreation/ Stocks Abiotic * functions

* Maintainance

* Forage Flows *soil  Measures
* Etc. Services * Protection * water * qualitative
\ / * Restoration \* climate * quantitatiy
* Enhancement

Figure 2. A system of linked economic and ecologiftaest ecosystem accounts

Something is missing, however. We also need to realistitakytoday's real
demands and options with our estimates of tomorrow's paler-or while future for-
est potentials may well be huge, how can we compare prejections to immediate
and compelling needs? Thus, to the extent that wepoce responsibility towards our
posterity, a third set of accounts is required which at l@dasmpt to put future desires
in perspective with current needs and abilities. Such & sétlkage Accountsould at-
tempt to measure the costs to the present generation dfditses to fulfill its various
and "self-imposed" obligations to the future. Such cosbatts could include: (1) Ac-
tual depreciation reserves considered necessary to mafataie forest productivity.
Moneys held back from gross revenues for state-o&thsilvicultural investments is a
good example; (2) Actual charges to repair or replacadyr damaged or destroyed
forest assets that the present now feels obligated toceqe as best it can. Restoring a
wetland or reestablishing viable peregrine falcon populatere examples; (3) Actual
charges to prevent forest damage, whether relatedrt@ations or to natural forces.
These might support research to develop safer and ecotegically relevant pest con-
trols, or lighter, more ecologically benign harvest maatyinkloreover, ecosystem re-
search may reveal certain practices to be unacceptathléhansteps to prevent their
damaging consequences would need to be incorporated vesisting legislative
and/or regulatory practices; and (4) Pure opportunitysethe economic benefits fore-
gone by the present in order to preserve some unijueahasset deemed irreplaceable.
Public decisions to set aside spectacular forests amd stienery are examples. In a
real sense, such linkage accounts would at least lhadfzerationalize existence, op-
tion, and bequest values. In short, such linkages caormdered not as the cost of en-
suring sustainable forest development, for this cannotibeagteed, but as the opportu-
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nity costs the current generation is willing to forego ideorto redeem as best it can,
such self-imposed obligations to the future.

An additional conundrum would complicate an alreadfjcdilt task: forest re-
source accounts would vary by eco-region and by clilexpectationsFigure 1 de-
fined Unused Income as a form of potential income delévcom goods and services
which have been discovered but not utilized becausecbhigal, economic or social
barriers. Such barriers would vary across the globeekample, forest recreation op-
portunities, which may be in high demand in industrializedan areas, usually have a
low priority in developing regions. The marginal rate dfire on investments to use
and maintain such capacity is virtually zero to the developieg as long as there are
more compelling needs. How could such a system raflaatlopmental differences be-
tween and within nations, thereby bolstering the real (aftamied or seen as too ab-
stract) communal justifications that tie all regions and alpjes together?

A regional system of inter-locking resource accoust

From our discussion of the unique features of everiesoand the unique eco-
logical features where they reside, it should be clear thatsgstem of resource ac-
counts-whether for forests or more encompassing eesyeggregations-must literally
be constructed from the ground up-site by site andmamity by community. That is,
land management is not abstract but involves real edengptions and real resource
impacts on real citizens, owners, and managers witfcodtaral differences. But, if we
are ultimately to use our globe's limited resources isaily while ensuring an equita-
ble distribution of these resources among its peoplesenods generations, it is urgent
that we develop a coherent system of natural resamdeenvironmental accounts to
link ecosystem productivity and health with realistic economitputs, thereby main-
taining future possibilities around the globe.

For example, recent agreements such as NAFTA (Nortkerisan Free Trade
Agreement) to more "fairly" regulate trade are based guilynon arguments for eco-
nomic efficiency. Such agreements could and should benebgal to more explicitly in-
clude principles consistent with sustainable resource mem@adeand social equity. But
to do so would require a set of accounts that forckrigagpartners to face the ecological
and social consequences of their consumption where le@gse bccur. Based on such
accounts, developed and developing countries mightyaietuce avoidable deprecia-
tion or depletion of their natural capital and resource stoickthe process preserving
joint future options. For in general, to the extent that basérs of developing regions
nations are met-and hopefully surpassed-it is more liketytliey will also recognize a
wider variety of essential ecosystem goods and serviagsvthuld redound not only to
their benefit but to that of the entire world. Such globadressions of concern would
not be based entirely on altruism-however important suativations might be-for such
connections are real and material.

To the extent that these goods and services are cleadgniged as contribut-
ing to national income and welfare, increased investineand replacement of natural
capital will be more likely. Such accounts linked to the UnNiadion's System of Na-
tional Accounts could be the basis for building environtakly sound and socially just
trade policies and norms. However, since every ecorisronly one facet of an over-
arching social system, such a system of ecologicalessimnaccounts would only be a
subset of a larger social accounting system that might aynermerge. The latter might
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be based on more broadly justified criteria to reflechimunal and collective justifica-
tions as well as an individualistic and instrumental undedstgrof Nature.

Summary

On-the-ground forest management practices increasiagbgnize (1) the irre-
versibility of many natural processes that characteosystems, (2) at least a crude
distinction between actual and potential forest ecosysigputs in efforts to maintain
biodiversity and other ecosystem features, and (3né¢eel to consider a multidimen-
sional value spectrum. From early exploitation throughctireservation movement, to
Sustained Yield/Multiple-use, New Perspectives, and novo@paradigm of Ecosys-
tem Management, awareness of the central and usualllacesble role of natural sys-
tems in all aspects of human life is taking hold in the E@esvice (Interagency SEIS
Team 1993, USDA Forest Service 1992, USDA FS Eastern Rebjiortheast and
North Central Forest Experiment Stations, 1992) and many atgencies as well. But
such a recognition-important as it is-cannot be sufficiglatre explicit and practicable
forest resource accounts and measures embodyingitlesseare required if we are to
maintain forest capital to the broadest extent possiblshamt, achieving sustainable
forest resource use requires that we make full userestf capital through a combina-
tion of ecological, economic, and social practices thatdassibest we can, obtaining
forest products and services at the expense of longdeological health and productiv-
ity. A system of three distinct forest asset accounts pnaye useful: one to measure
the actual capacity to meet the needs of the presentpadséo estimate the potential
capacity to meet the needs of the future, and a thiedtimate the opportunity costs of
linking the first two. The Actual capacity account wouédlect the relation between
forest capital and current welfare. The Potential capacigunt would reflect difficul-
ties of maintaining forest ecosystem capital for future avelf The Linkage account
would tie real and current sacrifices to future hopesammirations. Such a system is
required for three major reasons; (1) to monitor anihtaia the irreplaceable life-
support functions of ecosystems; (2) to more realiti@nd efficiently allocate the
consumable natural capital to the economic system; anid (Bpre equitably and le-
gitimately meet the needs of individuals and societies. Wittt a system of accounts,
the ecological, economic, and broader social basis ddirabte resource use would be
more firmly established.

Our discussions made several appeals to caution; empigaizi need to take
full responsibility for the social and ecological conseqasnaf current economic ac-
tivities. Up to now, such imperatives to recognize broaéspansibilities have, almost
without exception, been thought unnecessary in the facmpmpessive benefits from,
and universal appeal of almost 300 years of economiansign. And after such a long
time of viewing resources as unlimited and developmentcst likely to be achieved
by the largely absolute private ownership of resouncesntaining or liquidating one's
capital is widely considered a matter of individual choldewever, it should now be
clear that when ecosystems are at risk, such freedoot sbsolute but is constrained
by real material and thermodynamic limits, by real catinas with, and thus, obliga-
tions to others, and by the need to preserve future fldeshin the face of what may
turn out to be at best unsustainable, and at worst fatlines demands and impacts.
Individual freedom-important as it is as an ideal-mudbddanced with concerns for the
common good-however people come to define such a githih these emerging and
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larger ecological and social realities. If we, as forsstéo understand forests best, can
see these limitations clearer, our efforts to maintain tbdyative capacity of forests
may be more effective. With such an awareness-pentams raised to the level of a
universal imperative-individual and collective goals dotthen encompass not only
those forest goods and services directly necessarporan survival, but also the
analogous "goods and services" previously thoughtcserfii for forest ecosystems to
automatically maintain themselves. Our concerns about thténaed productivity and
functioning of forest ecosystems might then more realibfiencompass their many
components, structures, and processes as they all interactintain an evolving yet
ongoing system. This is really what is meant by sustdityab
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ECONOMIC CONSIDERATIONS OF SUSTAINABILITY IN FORESTR Y

Debates around sustainability in general and swadity in forestry in particular have a
long history and are not finished yet. However jlusicently, the issue of sustainable forestry
was hardly given due attention on the policy leWélis topic was discussed at the First Ministe-
rial Conference on the Protection of Forestry imdpe in 1990. Sustainable forestry was defined
as a balanced management of forests, which tat@adacount there role as a life supporting sys-
tem and their role in meeting human needs of ptesm®th future generations without threatening
forest capacity for renewal.
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ExoHoMi4HI migxoau o010 €TAJO0CTI y JIiICOBOMY roCogapCTBi

JleGaTn HaBKOJIO CTAIOr0 PO3BUTKY B 3arajibHOMY i CTaJIOCTi y JIiCOBOMY TOCIOJIapCTRBI 30-
KpeMa MaroTh JIOBry iCTOpito i mmie He 3aBepuieHi. OpHak, JoTernep MUTaHHS CTajoro JIiCOBOTO
rOCIIOJIAPCTBA BAKKO CIPUIMAEThCS HA MONITHYHOMY piBHi. Llg Tema obroBoproBanacs Ha Ilep-
wriii ypsiioBiii koHdepeHii 3 3axucty JiicoBoro rocroaapersa y €spori y 1990p. Crane jicoBe
rOCIoAapcTBO 0YJ10 BU3HAYEHO SIK 30a/IaHCOBAHMI MEHEDKMEHT JIICiB, 110 BPAaXOBYE iX (DYHKIIIIO
MiATPUMYIOUOT KHUTTS CHCTEMH 1 POITb 33JJOBOJICHHS MOTPEO TENepilHiX i MallOyTHIX IMOKOIiHb
0e3 3arpo3u 3JaTHOCTI JIiCY I0/I0 BiTHOBJICHHS.

Definitions and strategic directions of sustainability hamerged on the
grounds of continuous debates of various theoretical tiisugtarting from those of A.
Smith, T. Malthus, D. Ricardo, J. Mill and other econdasisf the 18th — early 19th
centuries. Economic growth after 1950s meant an eigaisuse of natural resources.
Their expanding consumption that was privately often ratiappeared to be socially
damaging and compromising the interests of present dnckfgenerations. Negative
consequences of economic growth (soil erosion, defoi@stdbss of biological diver-
sity, water and air pollution) of the 1960s provoked envirental awareness among
scientists and policy makers. The concept of "limits tomid as it was presented in
the book of the Meadow's team and in the Report to thle € Rome (1972) was an
outcome of a deep concern over environmental and nesspuoblems that have become
increasingly international.

Debates around sustainability in forestry also have alistgry and are not fin-
ished yet. However, apart from scientific debates, urtgntly, the issue of sustainable
forestry was hardly given due attention on a policylledethe First Ministerial Confer-
ence on the Protection of Forests in Europe held asBburg in 1990, this topic was fi-
nally discussed. Sustainable forestry was defined balanced management of forests,
which takes into account their role as a life suppgréiystem and their role in meeting the
human needs of present and future generations witheeatening forest capacity for re-
newal. The conference prepared six resolutionsndealith the issues that required in-
creased international co-operation to promote toteption of forest resources world-wide.

In 1991, the IUCN, WWF and UNEP jointly published the fashcrete docu-
ment on joint actions in environmental field. It was the @&afor the Earth (1991) re-
port, according to which the principles for sustainabilityude to "halt net deforesta-
tion, protect large areas of old forest and maintairrag@eent state of modified forest".
The document dedicates a chapter to the actions for genelt of sustainability on
forested lands. Internationally, the creation and maintenahmarkets for products of
sustainable managed forests together with the assistariowép income countries,
were identified as priority actions. The activities to emleasustainable forestry include
the expansion of wooded area, increase of the nationatitapo manage forests sus-
tainable, the creation of a market for forest producnfsustainable managed sources
and more efficient use of timber (Hardashuk, KopyldNizhnik et al., 1995).

By the time the UNCED conference in Brazil was held 2)98everal countries
including the Ukraine had developed principles for dnatde forest use. In the
Ukraine, the principles are called "the principles of wise of forest resources and for-
est protection”. The principles were discussed over aRibeconference, and the de-
bates resulted in a document, which reflected the ficdtad) consensus towards the
problems with the forests. An agreement was reachedseh @ principles for sustain-
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