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 CONSERVATION RECONSIDERED

 By JOHN V. KRUTILLA*

 "It is the clear duty of Government, which is the trustee for unborn
 generations as well as for its present citizens, to watch over, and if
 need be, by legislative enactment, to defend, the exhaustible natural
 resources of the country from rash and reckless spoliation. How far it
 should itself, either out of taxes, or out of State loans, or by the device
 of guaranteed interest, press resources into undertakings from which
 the business community, if left to itself, would hold aloof, is a more
 difficult problem. Plainly, if we assume adequate competence on the
 part of governments, there is a valid case for some artificial encourage-
 ment to investment, particularly to investments the return from which
 will only begin to appear after the lapse of many years."

 A. C. PIGOU

 Conservation of natural resources has meant different things to dif-
 ferent people. But to the economist from the time of Pigou, who first
 took notice of the economics of conservation [10, p. 27ff], until quite re-
 cently, the central concerns have been associated with the question of
 the optimal intertemporal utilization of the fixed natural resource stocks.
 The gnawing anxiety provoked by the Malthusian thesis of natural re-
 source scarcity was in no way allayed by the rates of consumption of
 natural resource stocks during two world wars occurring between the
 first and fourth editions of Pigou's famous work. In the United States,
 a presidential commission, reviewing the materials situation following
 World War II, concluded that an end had come to the historic decline in
 the cost of natural resource commodities [12, pp. 13-14]. This con-
 clusion reinforced the concern of many that the resource base ultimately
 would be depleted.

 More recently, on the other hand, a systematic analysis of the trends
 in prices of natural resource commodities did not reveal any permanent
 interruption in the decline relative to commodities and services in gen-
 eral [11]. Moreover, a rather ambitious attempt to test rigorously the
 thesis of natural resource scarcity suggested instead that technological
 progress had compensated quite adequately for the depletion of the
 higher quality natural resource stocks [1]. Further, given the present
 state of the arts, future advances need not be fortuitous occurrences;

 *The author is indebted to all of his colleagues at Resources for the Future and to
 Harold Barnett, Paul Davidson, Otto Davis, Chandler Morse, Peter Pearse, and Ralph
 Turvey for many helpful suggestions on an earlier draft of this paper.
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 778 'ITHE AMERICAN ECONOMIC REVIEW

 rather the rate of advance can be influenced by investment in research
 and development. Indeed, those who take an optimistic view would
 hold that the modern industrial economy is winning its independence
 from the traditional natural resources sector to a remarkable degree.
 Ultimately, the raw material inputs to industrial production may be only
 mass and energy [1, p. 238] .1

 While such optimistic conclusions were being reached, they were
 nevertheless accompanied by a caveat that, while we may expect pro-
 duction of goods and services to increase without interruption, the
 level of living may not necessarily be improved. More specifically,
 Barnett and Morse concluded that the quality of the physical environ-
 ment-the landscape, water, and atmospheric quality-was deteriorat-
 ing.

 These conclusions suggest that on the one hand the traditional con-
 cerns of conservation economics-the husbanding of natural resource
 stocks for the use of future generations-may now be outmoded by ad-
 vances in technology. On the other hand, the central issue seems to be the
 problem of providing for the present and future the amenities associated
 with unspoiled natural environments, for which the market fails to make
 adequate provision. While this appears to be the implication of recent
 research,2 and is certainly consistent with recent public policy in regard
 to preserving natural environments, the traditional economic rationale
 for conservation does not address itself to this issue directly.3 The use of
 Pigou's social time preference may serve only to hasten the conversion
 of natural environments into low-yield capital investments.4 On what
 basis, then, can we make decisions when we confront a choice entailing
 action which will have an irreversible adverse consequence for rare
 phenomena of nature? I investigate this question below.

 Let us consider an area with some unique attribute of nature-a
 geomorphologic feature such as the Grand Canyon, a threatened species,
 or an entire ecosystem or biotic community essential to the survival of
 the threatened species.5 Let us assume further that the area can be used

 'The conclusions were based on data relevant to the U.S. economy. While they may be
 pertinent to Western Europe also, all of my subsequent observations are restricted to the
 United States.

 2For example, see [7].

 'It must be acknowledged that with sufficient patience and perception nearly all of the
 argument for preserving unique phenomena of nature can be found in the classic on con-
 servation economics by Ciriacy-Wantrup [3 ].

 'An example of this was the recent threat to the Grand Canyon by the proposed Bridge
 and Marble Canyon dams. Scott makes a similar point with reference to natural resource
 commodities [13].

 'Uniqueness need not be absolute for the following arguments to hold. It may be, like
 Dupuit's bridge, a good with no adequate substitutes in the "natural" market area of its
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 KRUTILLA: CONSERVATION 779

 for certain recreation and/or scientific research activities which would
 be compatible with the preservation of the natural environment, or for
 extractive activities such as logging or hydraulic mining, which would
 have adverse consequences for scenic landscapes and wildlife habitat.

 A private resource owner would consider the discounted net income
 stream from the alternative uses and select the use which would hold
 prospects for the highest present net value. If the use which promises the
 highest present net value is incompatible with preserving the environ-
 ment in its natural state, does it necessarily follow that the market will
 allocate the resources efficiently? There are several reasons why private
 and social returns in this case are likely to diverge significantly.

 Consider the problem first in its static aspects. By assumption, the re-
 sources used in a manner compatible with preserving the natural en-
 vironment have no close substitutes; on the other hand, alternative
 sources of supply of natural resource commodities are available.6 Under
 the circumstances and given the practical obstacles to perfectly discrimi-
 nating pricing, the private resource owner would not be able to appro-
 priate in gate receipts the entire social value of the resources when used
 in a manner compatible with preserving the natural state. Thus the pres-
 ent values of his expected net revenues are not comparable as be-
 tween the competing uses in evaluating the effciency of the resource
 allocation.

 Aside from the practical problem of implementing a perfectly dis-
 criminating pricing policy, it is not clear even on theoretic grounds that a
 comparison of the total area under the demand curve on the one hand
 and market receipts on the other will yield an unambiguous answer to the
 allocative question. When the existence of a grand scenic wonder or a
 unique and fragile ecosystem is involved, its preservation and continued
 availability are a significant part of the real income of many individuals.7
 Under the conditions postulated, the area under the demand curve,
 which represents a maximum willingness to pay, may be significantly
 less than the minimum which would be required to compensate such
 individuals were they to be deprived in perpetuity of the opportunity

 principal clientele, while possibly being replicated in other market areas to which the clientele
 in question has no access for all practical purposes.

 'The asymmetry in the relation posited is realistic. The historic decline in cost of natural
 resource commodities relative to comomdities in general suggests that the production and
 exchange of the former occur under fairly competitive conditions. On the other hand, in-
 creasing congestion at parks, such as Yellowstone, Yosemite, and Grand Canyon, suggests
 there are no adequate substitutes for these rare natural environments.

 'These would be the spiritual descendants of John Muir, the present members of the
 Sierra Club, the Wilderness Society, National Wildlife Federation, Audubon Society and
 others to whom the loss of a species or the disfigurement of a scenic area causes acute dis-
 tress and a sense of genuine relative impoverishment.
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 to continue enjoying the natural phenomenon in question. Accordingly,
 it is conceivable that the potential losers cannot influence the decision in
 their favor by their aggregate willingness to pay, yet the resource owner
 may not be able to compensate the losers out of the receipts fromi the
 alternative use of the resource. In such cases-and they are more likely
 encountered in this area-it is impossible to determine whetlher the
 market allocation is efficient or inefficient.

 Another reason for questioning the allocative efficiency of the market
 for the case in hand has been recognized only more recently. This in-
 volves the notion of option demand [141. This demand is characterized
 as a willingness to pay for retaining an option to use an area or facility
 that would be difficult or impossible to replace and for which no close
 substitute is available. Moreover, such a demand may exist even though
 there is no current intention to use the area or facility in question and
 the option may never be exercised. If an option value exists for rare or
 unique occurrences of nature, but there is no means by which a private
 resource owner can appropriate this value, the resulting resource allo-
 cation may be questioned.

 Because options are traded on the market in connection with other
 economic values, one may ask why no market has developed where op-
 tion value exists for the preservation of natural environments.8 We need
 to consider briefly the nature of the value in question and the market-
 ability of the option.

 From a purely scientific viewpoint, much is yet to be learned in the
 earth and life sciences; preservation of the objects of study may be de-
 fended on these grounds, given the serendipity value of basic research.
 We know also that the natural biota represents our reservoir of germ
 plasm, which has economic value. For example, modern agriculture in
 advanced countries represents cultivation figuratively in a hot-house
 environment in which crops are protected against disease, pests, and
 drought by a variety of agricultural practices. The energy released from
 some of the genetic characteristics no longer required for survival under
 cultivated conditions is redirected toward greater productivity. Yet
 because of the instability introduced with progressive reduction of bio-
 logical diversity, a need occasionally arises for the reintroduction of
 some genetic characteristics lost in the past from domestic strains. It is
 from the natural biota that these can be obtained.

 The value of botanical specimens for medicinal purposes also has
 been long, if not widely, recognized. Approximately half of the new
 drugs currently being developed are obtained from botanical speci-
 mens.9 There is a traffic in medicinal plants which approximates a third

 8 For a somewhat differently developed argument, see [6].
 'For an interesting account of the use of plants for medicinal purposes, see [8].
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 KRUTILLA: CONSERVATLION 781

 of a billion dollars annually. Cortisone, digitalis, and heparin are among
 the better known of the myriad drugs which are derived from natural
 vegetation or zoological sources. Since only a relatively small part of the
 potential medicinal value of biological specimens has yet been realized,
 preserving the opportunity to examine all species among the natural
 biota for this purpose is a matter of considerable importance.

 The option value may have only a sentimental basis in some instances.
 Consider the rallying to preserve the historical relic, "Old Ironsides."'1
 There are many persons who obtain satisfaction from mere knowledge
 that part of wilderness North America remains even though they would
 be appalled by the prospect of being exposed to it. Subscriptions to
 World Wildlife Fund are of the same character. The funds are em-
 ployed predominantly in an effort to save exotic species in remote areas
 of the world which few subscribers to the Fund ever hope to see. An
 option demand may exist therefore not only among persons currently
 and prospectively active in the market for the object of the denmand, but
 among others who place a value on the mere existence of biological
 and/or geomorphological variety and its widespread distribution."1

 If a genuine value for retaining an option in these respects exists, why
 has not a market developed? To some extent, and for certain purposes,
 it has. Where a small natural area in some locality in the United States
 is threatened, the property is often purchased by Nature Conservancy,12
 a private organization which raises funds through voluntary subscrip-
 tions."3 But this market is grossly imperfect. First, the risk for private
 investors associated with absence of knowledge as to whether a particu-
 lar ecosystem has special characteristics not widely shared by others is
 enormous.14 Moreover, to the extent that the natural environment will
 support basic scientific research which often has unanticipated practical
 results, the serendipity value may not be appropriable by those paying
 to preserve the options. But perhaps of greatest significance is that the
 preservation of the grand scenic wonders, threatened species, and the
 like involves comparatively large land tracts which are not of merely

 10The presumption in favor of option value is applicable also to historic and cultural
 features; rare works of art, perhaps, being the most prominent of this class.

 "The phenomenon discussed may have an exclusive sentimental basis, but if we consider
 the "bequest motivation" in economic behavior, discussed below, it may be explained by an
 interest in preserving an option for one's heirs to view or use the object in question.

 12 Not to be confused with a public agency of the same name in the United Kingdom.

 13 Subscriptions to World Wildlife Fund, the Wilderness Society, National Parks Associa-
 tion, etc. may be similar, but, of course, much of the effect these organizations have on the
 preservation of natural areas stems not from purchasing options, but from influencing public
 programs.

 4The problem here is in part like a national lottery in which there exists a very small
 chance for a very large gain. Unlike a lottery, rather large sums at very large risk typically
 would be required.
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 local interest. Thus, all of the problems of organizing a market for pub-

 lic goods arise. Potential purchasers of options may be expected to bide

 time in the expectation that others will meet the necessary cost, thus

 eliminating cost to themselves. Since the mere existence or preservation
 of the natural environment in question satisfies the demand, those who
 do not subscribe cannot be excluded except by the failure to enroll

 sufficient subscribers for its preservation.
 Perhaps of equal significance to the presumption of market failure

 are some dynamic characteristics of the problem suggested by recent
 research. First, consider the consumption aspects of the problem. David-

 son, Adams, and Seneca have recently advanced somie interesting notions
 regarding the formation of demand that may be particularly relevant to

 our problem [5, p. 186 ].

 When facilities are not readily available, skills will not be developed
 and, consequently, there may be little desire to participate in these
 activities. If facilities are made available, opportunities to acquire skill
 increase, and user demand tends to rise rapidly over time as individuals
 learn to enjoy these activities. Thus, participation in and enjoyment of
 water recreational activities by the present generation will stimulate fu-
 ture demand without diminishing the supply presently available. Learn-

 ingy-by-doing, to the extent it increases future demand, suggests an in-
 teraction between present and future demand functions, which will result
 in a public good externality, as present demand enters into the utility
 function of future users.

 While this quotation refers to water-based recreation, it is likely to
 be more persuasive in connection with somie other resource-based recre-
 ation activity. Its relevance for wilderness preservation is obvious.
 When we consider the remote backcountry landscape, or the wilderness
 scene as the object of experience and enjoyment, we recognize that
 utility from the experience depends predominantly upon the prior acqui-
 sition of technical skill and specialized knowledge. This, of course, nmust
 come from experience initially with less arduous or demanding activities.
 The more the present population is initiated into activities requiring
 similar but less advanced skills (e.g., car camping), the better prepared
 the future population will be to participate in the more exacting activi-
 ties. Given the phenomenal rise of car camping, if this activity will spawn
 a disproportionate number of future back-packers, canoe cruisers, cross-

 country skiers, etc., the greater will be the induced demand for wild,
 primitive, and wilderness-related opportunities for indulging such inter-
 est. Admittedly, we know little about the demand for outdoor experiences
 which depend on unique phenomena of nature-its formation, stability,
 and probable course of development. These are important questions for
 research, results of which will have significant policy implications.
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 In regard to the production aspects of the "new conservation," we
 need to examine the implications of technological progress a little
 further. Earlier I suggested that the advances of technology have com-

 pensated for the depletion of the richer mineral deposits and, in a sense,
 for the superior stands of timber and tracts of arable land. On the other
 hand, there is likely to be an asymmetry in the implications of techno-
 logical progress for the production of goods and services from the

 natural resource base, and the production of natural phenomena which
 give rise to utility without undergoing fabrication or other processing.'5
 In fact, it is improbable that technology will advance to the point at
 which the grand geomorphologic wonders could be replicated, or extinct
 species resurrected. Nor is it obvious that fabricated replicas, were they
 even possible, would have a value equivalent to that of the originals. To
 a lesser extent, the landscape can be manufactured in a pleasing way
 with artistry and the larger earth-moving equipment of today's con-
 struction technology. Open pit mines may be refilled and the surround-
 ings rehabilitated in a way to approximate the original conditions. But
 even here the undertaking cannot be acccomplished without the coopera-
 tion of nature over a substantial period of time depending on the growth
 rate of the vegetal cover and the requirements of the native habitat.""
 Accordingly, while the supply of fabricated goods and commercial ser-
 vices may be capable of continuous expansion from a given resource base
 by reason of scientific discovery and mastery of technique, the supply of
 natural phenomena is virtually inelastic. That is, we may preserve the
 natural environment which remains to provide amenities of this sort for
 the future, but there are significant limitations on reprodujcing it in the
 future should we fail to preserve it.

 If we consider the asymmetric implications of technology, we can con-
 ceive of a transformation function having along its vertical axis ameni-
 ties derived directly from association with the natural environment and
 fabricated goods along the horizontal axis. Advances in technology would
 stretch the transformation function's terminus along the horizontal axis
 but not appreciably along the vertical. Accordingly, if we simply take the
 effect of technological progress over time, considering tastes as constant,
 the marginal trade-off between manufactured and natural amenities will
 progressively favor the latter. Natural environments will represent irre-
 placeable assets of appreciating value with the passage of time.

 If we consider technology as constant, but consider a change in tastes
 progressively favoring amenities of the natural environment due to the
 learn-by-doing phenomenon, natural environments will similarly for this

 151 owe this point to a related observation, to my knowledge first made by Ciriacy-
 Wantrup [3, p. 471.

 le That is, giving rise to option value for members of the present population.
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 reason represent assets of appreciating value. If both influences are
 operative (changes in technology with asymmetric implications, and
 tastes), the appreciating value of natural environments will be com-
 pounded.

 This leads to a final point which, while a static consideration, tends
 to have its real significance in conjunction with the effects of parametric
 shifts in tastes and technology. We are coming to realize that consump-
 tion-saving behavior is motivated by a desire to leave one's heirs an
 estate as well as by the utility to be obtained from consumption.17 A
 bequest of maximum value would require an appropriate mix of public
 and private assets, and, equally, the appropriate mix of opportunities
 to enjoy amenities experienced directly from association with the natural
 environment along with readily producible goods. But the option to en-
 joy the grand scenic wonders for the bulk of the population depends
 upon their provision as public goods.

 Several observations have been made which may now be summarized.
 The first is that, unlike resource allocation questions dealt with in con-
 ventional economic problems, there is a family of problems associated
 with the natural environment which involves the irreproducibility of
 unique phenomena of nature-or the irreversibility of some consequence
 inimical to human welfare. Second, it appears that the utility to indi-
 viduals of direct association with natural environments may be increas-
 ing while the supply is not readily subject to enlargement by man. Third,
 the real cost of refraining from converting our remaining rare natural
 environments may not be very great. Moreover, with the continued ad-
 vance in technology, more substitutes for conventional natural resources
 will be found for the industrial and agricultural sectors, liberating pro-
 duction from dependence on conventional sources of raw materials.
 Finally, if consumption-saving behavior is motivated also by the desire
 to leave an estate, some portion of the estate would need to be in assets
 which yield collective consumption goods of appreciating future value.
 For all of these reasons we are confronted with a problem not conven-
 tionally met in resource economics. The problem is of the following
 nature.

 At any point in time characterized by a level of technology which is
 less advanced than at some future date, the conversion of the natural
 environment into industrially produced private goods has proceeded
 further than it would have with the more advanced future technology.
 Moreover, with the apparent increasing appreciation of direct contact
 with natural environments, the conversion will have proceeded further,
 for this reason as well, than it would have were the future composition of
 tastes to have prevailed. Given the irreversibility of converted natural

 " See [2]; also [9].
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 environments, however, it will not be possible to achieve a level of well-
 being in the future that would have been possible had the conversion of
 natural environments been retarded. That this should be of concern to
 members of the present generation may be attributable to the bequest
 motivation in private economic behavior as much as to a sense of public
 responsibility."8

 Accordingly, our problem is akin to the dynamic prograinming prob-
 lem which requires a present action (which may violate conventional
 benefit-cost criteria) to be compatible with the attainment of future
 states of affairs. But we know little about the value that the instrumental
 variables may take. We have virtually no knowledge about the possible
 magnitude of the option demand. And we still have much to learn about
 the determinants of the growth in demand for outdoor recreation and
 about the quantitative significance of the asymmetry in the implications
 of technological advances for producing industrial goods on the one
 hand and natural environments on the other. Obviously, a great deal of
 research in these areas is necessary before we can hope to apply formal
 decision criteria comparable to current benefit-cost criteria. Fully use-
 ful results may be very long in coming; what then is a sensible way to
 proceed in the interim?

 First, we need to consider what we need as a minimum reserve to
 avoid potentially grossly adverse consequences for human welfare. We
 may regard this as our scientific preserve of research materials required
 for advances in the life and earth sciences. While no careful evaluation
 of the size of this reserve has been undertaken by scientists, an edu-
 cated guess has put the need in connection with terrestrial commlmnities
 at about ten million acres for North America [4, p. 128]. Reservation of
 this amount of land-but a small fraction of one per cent of the total rele-
 vant area-is not likely to affect appreciably the supply or costs of ma-
 terial inputs to the manufacturing or agricultural sectors.

 The size of the scientific preserve required for aquatic environments
 is still unknown. Only after there is developed an adequate system of
 classification of aquatic communities will it be possible to identify dis-
 tinct environments, recognize the needed reservations, and, then, esti-
 mate the opportunity costs. Classification and identification of aquatic
 environments demand early research attention by natural scientists.

 Finally, one might hope that the reservations for scientific purposes
 would also support the bulk of the outdoor recreation demands, or that
 substantial additional reservations for recreational purposes could be

 "8The rationale above differs from that of Stephen Marglin which is perhaps the most
 rigorous one relying on a sense of public responsibility and externalities to justify explicit
 provision for future generations. In this case also, my concern is vwith providing collective
 consumption goods for the present and future, whereas the traditional concern in conserva-
 tion economics has been with provision of private intermediate good-s for the future.
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 786 THIE AMERICAN ECONOMIC RE,VIEW

 justified by the demand and implicit opportunity costs. Reservations
 for recreation, as well as for biotic communities, should include special
 or rare environments which can support esoteric tastes as well as the
 more common ones. This is a matter of some importance because out-
 door recreation opportunities will be provided in large part by public
 bodies, and within the public sector there is a tendency to provide a
 homogenized recreation commodity oriented toward a common denomi-
 nator. There is need to recognize, and make provision for, the widest
 range of outdoor recreation tastes, just as a well-functioning market
 would do. We need a policy and a mechanism to ensure that all natural
 areas peculiarly suited for specialized recreation uses receive considera-
 tion for such uses. A policy of this kind would be consistent both with
 maintaining the greatest biological diversity for scientific research and
 educational purposes and with providing the widest choice for consumers
 of outdoor recreation.
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