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0. SUMMARY

Suetainability is defined as a requirerizent ef Vour genei*atz'on to manage rthe |
- resource base such that the uvera_qe quahty of Iz fe that we ensure oumelves cen patent:ally
be shared by aIl future geueratwns The notion quahty of hfe' 1s meant to mclude: )
everything that mﬂuences the situation in ,which people live. Hence, the notion
includes much more than ma.terlal-consuniption; Exteliding the requirement of -
_sustainabilitj to ftiture geherations yields “the folldwing lieﬁnition of snstainable
development° Development s sustamable ifit involves a non—decreaszng average quahty |
of life. Furthermore it pla.ces the following reqmrement on our generation: Our
o generatzan S management of the resource base is sustamable if zt canstztutes the ﬁrst pert
0/ f a ﬁzas:ble sustainable development. This is the interpretation of susta.ma.blhty which '
has been suggested in a number of references. |
Sustainability in the above sense is a natural reqiiirement of intergeneratioilel
justice because it can be shown that under given COIldlthIlS that 1f development is not
sustainable there exists another development that increases the total sum of qua.lity of
life that can be be shared among the generations and, i in addition, sha.r_es it in a more
| egalitarian way. Briefly stated: VTor prevent injus_tice, development must be sustainable.

' Does efficiency ensure silstainebility' when each generation‘s welfare — aceotding
to its own 'subjective’ preference;-—,— depends on its own t[uality of life and the welfare -
of the next generatioh? Equivalently, do bequest motives ensure that a perfect inter-
temporal competitive e.quilibrium leads to sustainability? This ,questioii is posed in the
' presence of three different production technologies. The results are negative for two
technolo_gies with heterogeneous capital and a certain degree of complementaﬁty

between the stock of manmade capital and the extraction of natural capital. Therefore,



generational conflicts nvill : not necessarily be solved by a perfect market economy. '
Thus, a reqmrement for sustamabxhty isa requirement for a more fair mtergeneratnonal
distribution, it is not a 51mple requlrement for an efficient mana,gement of natural and
envxronmental resources. By exa,rmmng models ha.vmg the rea.llstlc feature that ca.plta.l
s heterogeneous one can conclude ‘that our bequests to future generatlons cannot. be .
viewed sxmply as a stock of an aggregated capltal good 7 |
I the weight placed on the future in each genera.tlon’s subJectxve preferences
does not ensure sustainability, then by what ‘ethical preferences’ (to use a term comed
- by Harsanyi) should we express our concern for the well being of future generations
beyend the subjective concern fot onr own ,children?r In the context of a well known
resource model, it is argued that the ansey—eritermn (meximizing the undiscounted
sum of utilities) and the maximin criterion (maximizing the quality of life of the
' genera.tion with the lowest quality of life) do not ensure both eqnity and develepment.
Bnilding on my own worl{ I c]a.hn that (a) maximizing the welfare of the worst off -
generation (deﬁned by their own subjective preferences) and (l)) maximizing the
welfare of the present generatlon subject to the constraint that the resultmg
development not be unjust are much better alternatives. |
It is sometimes argued that sustainable development eannot be realized if the
n:larket interest rate is positive. Thls claim is ill-founded. To the contrary, 'it can be
argued thet if the ecenomy follows a development that is reasona,bly egalitarian, then
the market interest rate will be positive, though there may be reasons to assume thatr
‘the interest rate is deereasing over time. | | |
- Hartwick’s rule characterizes a certain kind of sustainable development —
namely ra development where the quality of life is held constant — in a perfect market

economy with constant population and a stationary technology: The depletion of



‘natural capital at any time corresponds in 'marketr'value to the accumulation of '
~* manmade capital. I argue, however, that this cannot be turned into a prescriptive rule:
Development, heed not be sustainable even when market prices for all kinds of capital

are avalla.ble in ‘a constant populatmn, statlonary technology economy and the

,accumulatmn of manmade capital in ma.rket prices more than compensates for the

) depletivn of natural capltal The reason why this does nothold is that the relat.lve' -

price of manmade caplta.l in terms of natural caplta.l in an mtertemporal competltwe

equilibrium depends on the ent:re future equlhbnum path. Hence, present pnces -

themselves may not typlcally convey the information necessary to determine if the

capital and resource management of our generation ie sustainable '

| Fmally, in discussing public policy almed at susta.mable development I argue
~ that one should seek to strengthen the mecha.msms that can be used for redlstnbutlon
from the present to the future. If deveIOpment is not sustamable, thls is a questlon of

'fa.ulty dlstnbutlon not faulty prices.



1. DEFINITION OF SUSTAINABILITY ~

The notion of ‘sustainable development’ was introduced"into th-er politicalra'genda o
by the World Comxmssxon on Environment and Development l;hrough its report
(WCED 1987) also called the Brundtland Report. The Report does not give a preclse
definition of ‘sustainable development.' "The quotatxon that is usually ta.ken asa pomt
of departure is the following: “Sust.amable deveIOpment is a development l;hat. meetsr
the needs 6f the present without compromlsmg the ability of fut_ure generathns to meet
their own needs” (WCED, 1987, p. 43).. The Brundtland Report thus looks at sustain-
ability bo,l;hr as a reduirementr for intragenerational justice and as a requirement for
'_Le_rgeﬁerational justice. I limit the discussion heré by considering sustaina.bility to be
o a requlremenf, for mtergenerat]onal justice; Spemﬁcally, sustamabllxty requires that our
generatmn not use more than our falr share of the resource base. More precisely,
susta.mablhty is defined as a requirement of our generatzan to manaye the resource base
such that the average quality of lifé thlzt we ensure ourselves can potentiaily be shared by
all future generations. | | .7 | |

The notion ‘quality of li'fe_' includes everything that influences the situat_ioh_ in
which people live. Hence, it includes much more than material consumption. It is
intended to capture the importance of health, culture, and nature. There are two
important restnctnons, though: ‘Quality of life’ does not mclude the welfare that
people derlve from their children’s consumption. L1kew1se, only nature’s instrumental
value (i.e. recognized value to humans) is inchlded in the ‘quality of life’, not its
intrinsic value (i.e. value in its own right regardless of human experience); ie., zln
anthropbcehtric perspective is taken_. The generalrrationale behi_nd these restrictions is

that there is an a:gument to be made in favor of distinguishing the conf:ept of justice



applied iﬁa society from the forces that are instrumentalrin attaining' Vit.,' In the present :
‘context this means that it may be desirable to separate the deﬁnition of susteinability" ,
from the forces that can motivate our generation to act in accordance with the ,
requirement of 'sustainability | _ 7
It is possible that Gur generatlon w1ll use the resource base in a way that ensures :
ourselves a qua.hty of life that cannot be shared by all future generatxonq In such a ,
~ case, sustalnabxlxty reqmres that we reduce the, exploitation of the resource base today.

If the requirement of sustainability as defined above is not extended to later

generations, it cannot rule out some later generation using the resource base to ensure -

'itrself an average quality of life that cannot be shared by its successors. It seems,
however, odd not to let sustaina.bility be a requirement of later generations as well. In
particular, it would be unreasonable for 'our generation to have the welfare of distant
generations in mind if we believed that the intermediary generations would not take
part in an efr’ort to give these generations their fair share of | the reeouree base.
Extendirlg the rer;uirement'of sustainability to later generztions yields the followirig o

~ definition of sustainable development:
' Development is sustainable if it involves a non-decreasing averagerqu'ality of life.
Furthermore, it places the following requirement on our generation:

Our generation’s management of the resource base is sustainable if it constitutes

the first part of a feasible sustainable development.

This interpretation of sustainability has been suggested in a number of references.!

1 The idea of deﬁmng sustainability in thls way dates at least back to Tietenberg
1984) and seems t0 have been fairly widely accepted; see, e.g. Repetto (1986), Pezzey
1989), and Maler (1989). A critical assessment of this interpretation of sustamabxlxty

is glven by Pearce et al. (1989, pp 32 & 49). Hammond (1993) gives an mterestmg

review of references relatmg to the notion of sustainability.



2. A NORMATIVE FOUNDATION FOR SUSTAINABILITY

In Asheim (1991) I argue that sustainability in the sense of Section 1 is a natural
requlrement for mtergenerational Justice The followmg gwes a brief account of this
normatxve foundation for susta.mabillty | -
Let xi denote the quahty of life that generation 1 enjoys and call (z)
development descnblng how the quahty of life i is distributed among the countable, but
infinite, number of generations t=0, 1, 2 . Say that (z) is as jUS,t as an

alternative development , (z;) if there exists 5 sueh that for all 23,

2;‘ _oxi 2 Z‘_ ((J:i_)lo cat_ches up with (x;) 4= IR ﬁmte time) and

(=) =0 Lorenz-dominates (z;)jzo (=), is as egalitarian as (z) t=0).
o Sa.y' that the development | '(:c;)'::o -is unjust if there exists an alternative feasible

development (:c )"

i= 0

such that (zt):‘:o is as just as (x;)ld but the converse does

not hold. 7
~ Excluding from a socialrchoice developments that are unjust amounts to a weak
ethical restriction: It requires_ a feasible development to be excluded if there existsr
another feasible development that increases the total sum to be shared between the
generations, and simultaneously, shares it in a rnore,egalitarian,way. Still, this weak
concept of justice excludes all feasible deveIOpments rthat a.te not sustainable,' given
that the underlying technology is productive (implying that waiting isproductive) In
fact, in a productive technology, a development is- not un]ust if and only if it is
dyna.mlcally efficient and non-decreasmg
~ The central argument necessary for establishing this result is the following: If a
feasible development (z;)‘::o is not non-deereasing —ie thereexist s* and s* with

-§' < §" such that T, >z, — then there exists an aiternative feasible development



(= )‘: _o Which is identical to_ {:c')m excepi; that, for ¢=+,s", zt:%(z;,? )
Furthermore, (:r:) W 1=0 is as just as (z) but.'the coriverse does not hold. Hence, 7
given the weak COIIdlthl’lS ‘imposed by t.he reqmrement that the techno]ogy be
| productxve, one reaches the followmg conclusxon. To prevent injustice, development

must be sustumable

3. DOES EFFICIENCY ENSURE SUSTAINABILITY? |

Economic theories of natural- and enviroﬁmental resouroes' usually ?:eek to
a.iiswer the following question: How can an efficient ma.na.gement. of natural- and
environmental resoorc'es be- achleved? The objective is to get the real economy to'
imitate a perfect. market economy through internalizing external effects and to promote
economic efﬂclency through regula.tmg the use of natura.l and ‘environmental resources
when such mtema,hzatlon is not feasible. Tradltlonally, many economists have held,-
the view that, in a perfect market economy, posterity will be made better off due to
accumulation of m'anmaderrcapital (including accumulation of knowledge)- To theﬁ '
extent that the depletion of hat.ufai resources and the degradation of environmehtai,
resources have been explicitly taken into account, these ecoﬁomists have claimed that,
due to rising resouroe prioes and technological progress, new reserves will be a.dded to
existing resources and. substxtutee to these resources will be made avalla,ble A dassic
reference for this point of view is Bamel;t and Morse (1963) (see also Nordhaus, 1974).

Such a view is tenable if the world economy can be described by a model whl ch |

~ assumes that — in addlt.lon to constant population and a stationary technology —



there exists one aggregate capital good and that ea.élrlrgene_ration has sufficient altruism
for 1_:he next géhera.l;idh. For example, lef. ,eachr generatibn t's subjeclive prefcre’ncc.s be
‘given by v,=uz)+fv,,, ehta.iling that the welfare of generation ¢ (v) depends_on
its own quality of life (z',) -though the utility functioﬁ u 'a;r-ldoh the welfare 6t’ the
' nextrgenerration t+ 1. The term- 'sﬁbjectivé preferenceS',is meant to capture "selﬁsh"r
| 'altru,ism,r which motivates a genérat,ion to contribute to the welfé.re of its childfexi ,
 because it lea.ds;to increased welfare for the cohtribﬁtor.’ Note that the 'subjéctive
preferences are non-paternalistic (in the terminology of Ray, | 1987) since each
B generation respects the subjectiveptéferences of its children; ai;d thereby, rtakes into |
account the utilities of all future generatidﬁs. Such recursion means that
| Vv,:E:; B 'u(z), where § (0<B<1) is the utility discount factor. In continuous
~ time, these subjective preferences can be represented by v, = [ ‘:u(:r:s) ¢ 2°ds, where p

t
(>0) is the utility discount rate. Let the production possibilities of the technology

o considered — referred to as technology (1) — be given by z,+ 'dl_ct[dt S (k) Thé stock |

of the aggregate capital good (k) leads to a production f(k) that can either
contribute to the quality of life ofgeneration tor be used to accumulate cap’ital. If the
~ economy at the outset is not much developed, so that f '(ko) >0, thén it is a well- |
known reéult that, in such a one-sector grbwth model, the capital' stock will be
accumulated leading to the conclusion that posterity will be made better off. Hén(ie, -
capital productivity combined with altruism produces a just intergenerational
development; Moreover, even though our- generation discount,s the utilities of future -
generations, the quality of life of ihese generations wili be higher than ours.
However, in general, this view ca.n'notr be defended. At any time the present
,genération still determines how the resource base is being managed. Given our

technological capacities, it is possible to exploit the resource base to our own advantage



~at the expense of the dualiry of life of future generations '-'That' economic efficiency
does not necessarily lead to mtergeneratlonal fmrness was forcefully argued by Talbot
Page (1977) in his book Conservation and Economic E[ﬁczency He rllustra.ted the issue
by the fol: owing analogy: If someone suggesied that the ocean fisheries in the Pacific |
, rshould be regulated by glvmg full rlghts to the entire resource stock to Ja.pa.n for one
year, to the United States for the next, to Russra for the third year, and so forth 1t.
,would be natural to clarm that t.he country that came first would exploit the resources
to too large an extent. This skepticism would be especrally great. if the harvst
-methods were- technologically adva.nced. Still, if we abstract from t_he fact that
generations overlap, this is the way a perfect;'market eeohomy (without market failure
of any kind) rallocrates rra.tural a.nd,environmentai resources between the generations:
Future generations’ weli being depends on the altruism tlrat we extend to them as weli,
as our limited capacity 0 exploit stocks of natural and environmental resources to our -
own adva,rrtage 7 | ' | o

The followmg model with hetemgeneous ca.prtal illustrates this. As before let
~ the subJectrve preferences of each generation ¢ be represented by v,= u(z)e @sds.
However, assume that there are two capital goods:manmade caplta.l (km t) and natural
capital (k_ i). The production F(k_,y,) that can either contribute to the quality of
life of generation ¢ or be used to accumulate manmade eapital depends now both on the
stock of ma.nmade capita.’l and the extraction (yt) of natural capital: r: +dk_ [di g
F(k_,v) The extraction of natural capital is counteracted by natural renewa.l ok )
that depends on the stock of natural caplta.l Y, + dk, /dt S «k_)-

If there is no natural renewal (ie, k  isa non-renewable exhaustible resource)
and the production function is assumed to be giverr by F (kmt, yt) =k i“y:, where

0<b<a<a+b<]1, themodel inveStigated by Dasgupta and Heal (1974, 1979) and
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Solow (1974)' is obtained. _In'thjs model -,whicli will be referred to as t;echnolorgy,(?.) -
a positive and non—de_creasing deirelopment for z, is feasible by letting the incr ::asiiig |
stock of rhanmade capital substitute fbr the dwindling 'ext.ractiorn of natural capital.
| Howevei', the marginal productivity of manmade capital will approaéli zero along Such
a pa.th. : Tliis*means- that rsustainabiiity, will be achieved ohiy with an increasing
~ altruism for futuré_ generations. In particulair, 'Wiih a positive and constant utility
discount rate p, 'zt_ will asymptotically approé.ch zero. This variant 'ofr the model
thereby shows that even if we put almost as much weight on the utility of fui;ure
‘generations as on our own, a p'eri‘eci. mérket economy will not necessa;rily, ensure
| sustainability. 7 | o |

, Another_,irariant of the model is obtained byra'ssuming' a 'régenerative capacity
for natural capital, eg gk t), = k. i(l -k_), and by assuming that ihe éxtra.i:tion of
natural capital is limited by the extractive capacity (¢f(k_,)) that is esta.blis_héd:
F(k ,y)= mih{*cf (k. ) v} “This model will be referred to as technology (3). In

such a model it can be shown (see Asheini, 1978, and Hannesson, 1986) that, with small

- 7 alt.rui,sm_fOrpOsterity (large g) and a low level technology (low c), development will be

' 'su;tainable if the ecohomy at the outset is not yet highly developed (km{) is small such
that cf '(kmo) > 0). This is because theiextra,(':tiOn f natural capital even in the long
run (as cf’(k_ ) — ¢) does not exceed the maximal level of natural renewal. The
stock of natural capital is not reduced to a level that is smallei- than the one
corresponding to the maxlmal level of naturalirenewal. -This implies that the natural
' capital.doé not attain a positive (shadqiv) price in the intertemporﬂ equilibrium. The
‘model therefore shares the rproperties of technology (1), the 6ne-sector model that was
 described above. On the other hand, if the altruism for posterity is great (small ¢) and
‘the techuological level is high (high ¢), development will not be sustainable if the
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ccononiyet. the outset is not yet highly devcloped. The ektract_ion of natural capital

and the quality of life will exceed the maximum sustainable level. In the intertemporal -

equilibrium the natural capital will attain a positive (shadow)'p'rice,'and the natural

renewal rate will in the long run approach t.hefutilrity, discount rate (g '(km NE)
implying that t.he' stock of natural capital is reduced toa Iexrrclr that is smaller that the |
one corresponding to the ma.timel level of natural renewal. It is a par,adpxical result
that in this version of the model, a greater concern for nosterity and a higher

technolo"ical level may lead production for some time to exceed the ma.w-imui.ri level of
natural renewa.l and thus, eventually, result i in postenty bemg made worse off. These -
results are, of course, dependent on the shape of the natural renewal functxon‘ |
 These two versions of the model with heterogeneous capital — technolovles (9)
and (3) — have the followine._,-'r property in common: The stock of manmade capital is
to a certein' degree complementary to the ext,rect,ion of natural capital. In the first
version (technology (2)), the marwmal productivity of manmade caplt.al is positively
related to the extraction of natural capxtal. In the other versnon (technology (3)),
COmplementarit.y is more extreme: Ma.nmade capital can only be used for extracting
natural capit.'al.’ With such extreme complementarity, the accumulation of manrhadc
capital is a mixed blessing. In Richa.rd Norgaafd's (1991) analogy; if the livelihood of a
society depeeds on the llar\}estinv‘of a forest, Zuture generations can gain more if the

- current lrener:a.tlon mvests by plemt,mclr trees ra.t.her than accumulatmg 5aws.
' On thls basis the following conclusions can be drawn: -

(1)  Generational conflicts will not necessanly be solved in a perfect market
economy. Distributional problems arise because the present genera.hion throughr
- its capital and Vresource management policy determines tlle wealth of futﬁre

generations.
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(2) A requirement 'fof sustainability is a requirement for a more fair' iﬁter—
generational disiﬁbutioﬁ. It is no't'a.-req-uirement fof an efficient management of -
natural and environmental resources. Page’s (1977) analogy of a sai[ihg ship -
‘where sustainability corresponds to setting -the ruddér according torr the
destinat;ioﬁ and efficiency corresponds to 'balantﬁing the sails according to the
wind — providts, however, the following robservation: ‘How the rudder is set

. influences hﬁw' the sails will ha\}e io b_e balanced. 7

(37) Our bequests' to future generations cannoﬁ be looked at as a stock of an
aggregé.tedrcapité.l good. The present genération may not act in the interest of
future generations by leaving behind a large stock of capital that can only be -
used to extract natural _resources or that leads to the degradation of

environmexital resources through its use.

4. ETHICAL PREFERENCES: CRITERIA FOR SUSTAINABLE DEVELOPMENT

7 Our altruism may ndt ensure susrtainability' even in a perfect market ecohofny. '
-However, oﬁr descendants will dépend on our altfuisrh in any case as the altrﬁism of
the present generation actually determines whel;hef, natural and environmental
resources are managed today in a manner compatible with sustainable developrhent. ,
As a thorght experiment it can still be interesting to ask the following question: How
should we express our concern for ihe_ well beilig of future generations beyond the
subjective concern for our own children? In the words of Harsanyi (1955), what ethfcal
prefefenc& should ive have? What; kind of criterion for intergenerationé.l justice would

we recommend if we did not know to 'wha.t,generation we belonged and considered
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intergenerational distribution from an anonymoﬁé perspective? By ethical preferences
- we here mean preferences which are "cosﬂy" for thé generations to abide by, and which
as a consequence will not be accepted unless they are imposed as a moral obligatidn, V'
distinguishing ethical ,preferénceé frdmr the ‘selfish’ altruism captured by subjective
preferences. | o ' .
In the model of Dasguptar and Heal (1974) and Solow (1974) — technology (2)
above, with heterdgeneous capital, but without rnatural renewal — the altruism of the
subjective preferences is not sufﬁcienl: to 'ensﬁfe an éthicajly acceptable ma.nagemeni: of
 the productive resources of the economy. As long as geherations discount the welfare of
- their children with a positive rate (zo matier how smaIlrthz's is), the qualify of life of
distant generations will be forced to 'apprdach Zero. :The economy may Erow within a
short é,nd intermediaf;e time frame, but sustainable idevelopment will not be ensui"edrin'
spite of the explicit assumption that such development is feasib]e. The reason is that
the capital rproductivity of the economy approéch& zero as an i_ncreésing stock of
reproducible capital substitutes for a dwindling resource extraction. The altruism of
thé subjéct.ivé preferences is,,}ien;:e, not sufficient to ensure a just intéi'generational
distributioﬁ (not'ev'enr a zero discount rate wiil help as argued in the néxt paragraph).
Thus, if intérgenerational justice is to be imposed, we need fo act in compliance with
ethical preferenccs. , ' |
~ What ethical preferences should be used in this specific t_echnnlogy?r One
possibility is to require that generations do not diécount the welfare of their children,
so that thé presént generaﬁon 0 is required to choose thé path of quality of life which
makes [ru(z)dt “as large as possible” when s—oco. This corresponds to the
Ramsey-criterion (Ramsey, 1928). In the resource model above this leads to a path

where the quality of life increases above all finite bounds, as shown by Dasgupta and
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Heal (1979.," pp- 303—308).- Instead of haviﬁg their existence thrcatened, future
generations become incredibly well o{f.rr Apért from stretching the technological
assumpiions of the mbdel this éppears to go too far in favor of future generations:
W hy should we save for the beneﬁt of descendant;s infinitely belter off than ourse[‘. es?
7 A very different alternative is to maximize the quaht) of life of the generation
. with the lowest qua.hty of life, i,e., maz m_);?_oxl- As-showp by Solow (1974), such a
xria_w:inﬁn—criteriqn leads' to a constant level of quality of life, thereby producing a
- -development that is both sustainable and égaliiaﬁan; The quzﬂity of life corfeSpOnding
to such an egalitarian path éan be viewed as the maximal level that is compatible wit_h
the notion of having our quality of life being ﬁdteﬁtially shared by all future
,?énerationS' ie., the maximal level that is compétible with sustainable development-
Still counter a.rguments can be raised: () If the economy is poor at the outset (i.e. has
a small stock of manmade capital), it becomes locked mto pmrert). The productue
resources of the economy are managed in a sustainable way, but deveiopment is not
created. (b) If generations actuale cire about their children, why s'hould they not be
allowed to save on their behalf? |
A third alternative, which includes the two alternatives mentioned ‘above as
special cases, is the following ethical preferences: Respect that the &elfare of each
generétion is giverir by its subjective preferences and 'hencé, inr its diScrete—time
rrepteséntation, depends on its own quality of life and the welfare of its children. Then
rmé.ximize the'welfare of the generation that atcording to its s'ubjectiver preferences is
worst off: ~maz inﬁzov{ As I show in Asheim (1988), this leads to a grow_ing quality of
 life initially when the economy is highly productive. The initial phase is eventually
followed by a phase with cbns;ant quality of life, thereby ensuring the welfare' of

di'sta.ntr generations. The possibilities for development are not wasted, while at the



same time the productivé resources of the cconomy are being managed in a susta.inﬁb]e
~ manner. This alternative includes the Ramsey-criterion and'tr.he ma_\cirhin—criterion as -
special cases sincé (i) if each generatiorn on the ,barsirs of its subjectivé preferences does
not -discount the wellare of its children, then 'thé éthical preferences are of no
importance and we fétur_ﬁ to the Ramscy—critcri:on,r while on the other hand (ii) if every
generation discounts the welfare of its Children heavily, then the ethical criterion forces
S a éomplétcly egalitarian path and no development occurs. |

A fourth alternative is based on the normative foundation provided in Section 2,
Vand:is the one that T explore in Asheim (1991): Maxiﬁﬁ@ the welfafe of the pfesent
generation 0 in acco_rdance with its subjective preferences subject to the constraint that
the resulting intergenerational development not be unjust. Since the technology con-
' sidered (technology (2), with hetcrogeneous capital and without natural rencwal) is
'plfO(thﬁVC in fhc sens¢ of Section 2, it folldws that these éthica.l ,prefei'ences*are
cquivalent to the present generation 0 ma:';imi'zing its wellare subject to the constraitrlt.'”
that the quality of 'lifé be non-decreasing. This, in turn, ifnplies that the developmentr
is exactly the same as the one obtair_led in alternative 3 above. Hence, in 'Asheim '
(1988, 1991) I present two alternative ethical preferences which in a discrete-time
| version of the model of Dasgupta and 'Heal (1974, 1979) and Solow (197?.) give rise to
the same outcome. - ' |

In both the third and the fourth alternatives, welfare is méﬁcimized subject to
the'constr,aint that the quality of life be 'non-decreasing- In Asheim 7(1988, proof of
Lemma 4), the properties of such a path arre'SpelIedrout. The interest rate turns out to
be positive, decreasing, and asymptotically approaching zero. The implicit discount
. rrate is equal to the discount rate of the subjective preferences as long as the qualitj of

life is ihcreasing. It jumps up just as the constraint that the path be non-decreasing
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staft;s_ to bind. From then on, the implicit discount rate is equal fo Vthe interest rate
~and fdﬂows its decrease towards zero. | If the disc,oimt rates employed by the
generations when,maximizing the discounted sum of future uti]ities' were to follow this '
-path, the development. path of the third and the fourth alternatives could have been

realized as an intertemporal competitive equilibrium.

5. CHARACTERIZATION, RULES AND POLICIES

Can economic theory help to understand and analyze the concept ‘sustainable
development'? 1 concentrate on three questions: |
1. Characterization of sustainable development. (How to describe the situation if

we are heading for the right destination?)

o

Prescriptive rules for sustainable development. (How to detec. if we are off
conrse?) | |

3. Policies for sustainable develdpment- | (If neceséa.ry, whét should and can be

| ~ done to change i;he course?)

I will ,ai;swer these questions in turn.

| 5.1 Characterization of sustainable develépment. ' Human economic activity
leads to the depletion of rnatura.l resources and the degradation of envirohmentai
resources. Sustainable de\}eIOpment requires that manmade capital (hoth real and
" human) be accuml_xlated in order to make up for the decreased availability of natural |
,capr)it;al.-r This leads to the following observations: (a) The preseﬁt generation must
leave behind a bequest of manmade and natural capital that will benefit all later

generations. Such a transfer is facilitated if there is a technology available that allows



—17-

for accumulation of manmade capital withbut leading to futurc depletion and degrada- -
“tion of natural capital.' 1 will refer to such a technology as a ‘sustainable’ fechndlogy. '
(b) An economy that develops in 2 sustainable way is m continuous changé. In
pa.rl;iculzﬁ, the economy will not fo’llm&- aista'tiona.rry path even in the case with'cohstant )
populationr and a stationafy technology.  These observations can be. iised to
. characterize the market interesi rate along developments that are sustainable. |
- It may seem reasonabler to claim that sustainable development cannot be
Vrearliz'ed if the market intérest rate is positiire- Ir argue the 'contrary. Susta.inabrler
7' development' cannot be charactérized by the market interest rate equal to zero for all £.
If the interest rate is equal torzerorfor all ¢, then the present value of an annuity —a
bequest that pays one unit in each period — is inﬁriité. This implies that there are no
non-accepted investment pfojects’ yielding an annuity of beneﬁt.si If optimistic,'one
would claim ﬁhaf. such projects exist. That the present value of an annuity is infinite
ihen meéms thét all such projects a.ré a.cceptﬁed alongr the sustainable de\'relopmént.r
This in turn is likeiy to imply that the present generation due to high investment'cqs't.s,
“is left with a low quality of life. If pessimistic, one would claim that such projects do
not exist. This means that the present generation cannot provide future generations
~ with a bequest that pays one unit in each period. VThus,' it becomes impossible to
compensate — through accumulation of Ihahmade capital — for the harm caused by our
dépl'etion of natural resources and our degradation of environméhtal resources. 'This
undermines the possibilities for achieving sustainability. 'There-fore, if the economy
follows arsusté.inable dévelopment that is reasonably egalitarian, then there exist 'nc')n-r'
| accepted invétment projects that prdduce an annuity of benefits. This in i.ﬁrn implies
| thé;t the market interest rate is positive and does not decrease too fésg. These

~arguments are supported by formal growth-theoretic models, such as technology (2) of
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Section 3 with hetefogeneous capital and without natural renew;;l (analyzed ,by.Sol_ow, -
1974, and Dasgupta. and Heal, 1974, 1979). ' 7
| On the other hand, this résull. does not, say ahything about the level of ;h’e'
- interest .ra.te.' It also says little about the dre'velopmentrof the interest rate except,' that
the m_afket value of a benefit or a cost of indefinite duration must be finite. Since a
.. sustainable economy is ih ,continuou'srrcharmge,'there is no basis fqr assuming that the
market interest rate is cpnéi;ant. On the contrary, it may be reasonable 1o assume that
the interest rate is de(_:rea.sing over time'si.nce the Iﬁarginal prodﬂct.ivity of ,nlanﬁladé
capital decreases as the stocks of such capital are accumulated and sf;ocks and ther
extraction bf natutal capital gfadually vaﬁish. ‘This property can also be illustréted by
'technblOgy (2) of Section 3. Note that a decreasing interest rate increases the
profitability of investments based on a ‘sustainable technology’.
Hartwick's (1977) mlé (see alsb'Dixit,-_ Hammond, 'and Hoel, 1980) is a well
known characterization result for a suétajnable development of a certain kirid, namc-lj} a
development where the quality of -life—is held constant. The ruie assumes constant
popillétion and a stationary technOIOgy and 'gives' the following characterization: If, in |
a perfectm'arket' economy, the quélity ofrlife is held constant indeﬁnitel;v,' then the
- depletion of natural capital at any time corresponds in market value to the
accumulation of manmadercapital;' i.e., the market v_'a.lué of net invest.ménts is equal to
zero. Note that Hartwick's fu!e does Vnot imply that the total value of the capitz;l
~stocks s constaﬁt along a path iw'here the quality of life is held constant. “This would be
the case under the assumption of a constant interest Vrate-' Howevcr-,:a constant quality
of life and a constan_t intere-st rate may be'in(':t)nsistent in the sense that they cannot
both be realized. If the interest rate s decreasing, the capital gains will be p_ositive. In

this case, a constant quality of life corresponds to an increasing total value of the -
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: capital'stocks In Asheim (1993b) I have explored the relatron between c..pltal gains
and the interest rate along an egalitarian path
5.2 Rules for sustainable development. In order to derive rules for sustainable

development, it is necessary to ooerationalize the notion of incorne-preSented by Hicks
| .(1946) in his book Value and Capitel: What is the maximum that a population of an
7' economy can consume in a ngen penod and still be as well off at the end of the pcnod
as it was in the beginning? In an economy with constant populatlon a.nd a stationary
technology, this qufstlon can easily be answered if there is only one aggregate caprtal
| good: The quality of life does not exceed the susta.mable level if and only if the stock of
the aggregate capitol good is not reduced. It is, however, a complicated task to answer
“this qoestion irr anecooomy with heterogeoeous capital. The reason is that, if human
'— economic activity depletes the stocks of natural capital, it is necessary 0 _deterrnine
7 ho,iv much e.ccunruletion of ,maomade capital is required to make up for the depletion. .
"How cen relative prices be found that ‘correctly’ value the different kinds of capital? It
is a natural point of oeparture 'to investiga.te whether market prices — under the
assumption of a perfect market economy wi-th corrsta.nt population and a stationary
technology — can be used to determine the 'correct;' relative price betoreen natural and
manmade capital: Does it hold — as claimed by e.g. Maler (1991, p. 11) and Hulten
(199'2,' p. 17) (see also Solow, 1993) — that the quality of life does rrot. exceed the -
maximum sustainable level if and only if the market value of net investments is non-
| negative, i.e., if i;he accumulation of manrhade capita.l at least comoensatw in market
value for the depletion of natural capifal? The analyses of Hartwick (1977) and

_ Weitzman (1976) appear to lay two alt.ema.trve foundations for this view.

- Foundation A. Hartwick's (1977) rule states ‘that ‘the market value of net in-

' vestments being equal to zero for all ¥ is equivalent to (Iz) 1=0 being constant'. In the
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" context of a competitive economy, Hartwick’s rule states that an intertemporal compe-

titi've,equilibrium leads to a completely egalitarian path if and only if, at all times, the

,va.lue'rqf depleted natural capita.l'méa.sured at competitive prices equals the :einvest- .

- ment in manmade capital. However Hartwick's rulé does not claim that a _compeﬁtive ’
economy that for t.ﬁe moment measnred at cbrhpetitivé prices reimieéts depleted natural - -
capital in mamade capital manages its stocks for natural and manmade capit.al in a

7 susta.inablermanner. For it is conceivable ihat such reinvestment is achieved becau.ée
 the competitive prices of natural capital are low. ‘This in tﬁrn can be caused by the |

~ economy not being managed in a sustainable manner: - If future generations are po'orer'

than we are, they,will be unable to "bid" bighly through the intertemporal competitive |

equilibrium for the depletable natural capital we Vmanage,' leading to low prices of such
capital today. Although Hartwick’s rule implies that the ma.rk,etr ialue of net
investments is equal to zero drt any time t if the economy follows an efficient and
: egalitarian path, one cannot conclude that if the market valué of net investments af -

some time t is equal to zero, then the quality of life at time tis'sustainable. The reason

* why this does not hold is the relative price of manmade capital in terms of natural

capital in an intertemporal cbmpetitive equilibrium depends on the entire future

equilibrium path.

Foundation B. Weitzman (19776) shows that if the development - (:ci)u:=0 is
réalized as an équilibrium in a perfect market economy with a constant market intgrest
rate r, then it holds — under the assumption that quality of life could be ;moved; along
the time axis with a rate of return equal to-rr r% that z, plus the market value of net
investments at time ¢ would have been sustainable. In particular, if the market value
of net inw}estmenis at time ¢ is non-negativé, then z, would have b_eeh,susta.inable’

under the above assumption. The problem with this line of reasoning is that the
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interest cannot be taken to be éonsta.nt. (which the Weitzman analysis requirés) and
will not remain unchanged when quality of er is moved along the time axis. ,
In Asheim (1993a'), I have shown — within the context of technology (2) of
Section 3 — that the market valee of net investments-can be pdsitiverwhile_ at the same
time z, exceeds the maximum sustainable level. 'This proves formally that néit.her A
nor B can be used as a foundation for the view that z, is sustainable if the market | ,

t

value of net investments af @ given time t is non-negative. In particular, it mea.ns' that
Hartwick's (1977) rule is a characterization result,r #ot a preécriptive rule for sustainable

development. | | 7 | 7 | 7
In practical apphcatmns a host of different problems comphca.tes the task of V'
deterrmmng whether the quality of life of the present generation is susta.mable. (a) If
the'popula.tion ié gtoxﬁﬁg; it is correct to require that the per capita.r capital- stock be
hon—dec:easing only if the relative population grqwth is constant — even under the'
assumption that an aggregate capital good exists. If e.g. the present genera._tidn is half
as large as all future.genera;tions {i.e. constant population beginning with the next
generation), then it is unreasonable to requirer that the present generation accumulate
the stock of the aggregate capital stock to a size twice as large as the one it inherited,
when such a requirement is not extended to the later generations. -(b), The rassumptiori
that the ﬁechn’oldgy is stationary Iﬂeans th'at,technological progress is endogenous:
Capital components méasuring accumulated knowledge may be included in the produc-
tioﬁ function. [Exogenous technological progress — meaning that the prod_uction
function changes over time — is not allowed. How restrictive this assﬁrhptiorn is, relates
'closely to the next point, namely that (c) not all capital stocks can be valued glven the
a,vallable pnce mformatlon Thxs applies not only to accumulated knowledge but also

to stocks of natural and environmental capital. A final problem is related to the fact
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that (d) our capital and resource management does not have deterministic conse- '
quences. All these problems are related to the discussion on how to meaSufe a'grecn
na.tlonal product. | | |
- The ana.lysxs above holds both for an open (natlona.l) and a closed (global)
: economy. However, part1culax problems arise w_hen trying to prescribe rules _for
, sustainabilityrin an open economy: The technology nlust then in(:lude the gs.insfrom
trade (see Snensson 1986) This means that the assnmption of a stationary technology
would necessntate that the rela,twe mt.ernatxonal prices are: constant. Hewever from
Hot.ellmg s (1931) rule, it follows that from a resourcerich country’ 5 pmnt of view, the .
 terms-of-trade facmg future generatlons will be more rfa.vorable than the one facing the
present generatxon. Th1s 1mphes that a part of the capltal gains on the unexploited
stocks of natural resources can be cons:dered as income in the sense of Hicks (1946) 7
thus ,lowermg the required compensating mvestments (see Asheim, 1986, 1993b).
| ' 5.3 Policies for sustainable devélopment. If a perfect market economy does not
give rise to sustainable development, should one then recommend that the government
'reduce the rate of dlscount used when eva.lua.tmg public mvestment projects and inter-
- vening in the mana.gement of natural and envnronmental resources" In pr1nc1ple,
economzsts claim that distributional policies should not be executed through.
'adnﬁnistrative price manipulation by the government. In this"case, this’ corresponds
to- Do not let the discount rate of the public sector be an instrument in the transfer of
wealth to future generatlons since this leads to lower rates of return on public
- investment projects and inefﬁciencies (since different types of capital investments are
being evaluated in different Ways). The discount rate of the public sector (which in a
perfect market Veconomy equals the market interest rate) reflects, but is not an

instrument for, the policies aimed at a redistribution between generations.
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~ Even if it weré possible for the public 'ser;ﬁor to contribute to a- lower market
interest rate in general — such that the profitability of investménts were calculated on
the basis of 'thisrlo'we'r, market 'interest rate (ahd we abstra.ét from the disequilibrium |
 that would arise if voluntary savings would not be sufficient to finance investments) —
* this lower market interest 'rafte would not,necessarily be & good instrument for ,thé |
attainment of sustainable developme'nt.. It womd. remove the inefﬂciént:y that arises
when 'differént typés' of capital are,evaluated in diffefent ways. The problem is that a
lower market interest rate may encoura,ge investments. in manmade 'rcapita.l with ]ong;
“run negative natural a.nd environmental effects. This point, illustrated in technology -
(3) bf Section 3 — the model with- heterogeneous capital, positive natural renewal, and
- an extreme complementa.nty between the stock of manmade capital and extraction of
natural ca.pltal is related to the argument made in the 1960° 5, namely that the interest
- rate ought to be "hxgh" for natural resonrce protection.
I the,dlstnbutxonal goals of a society are not;'reached, in a perfect market -
' economy, 6xie should seek directly to redistribute weaith in favor of fﬁture génerations,
e.g. through conservation of renewable resources in A productive state and increased
- investment in manmade capital based on a ,’sustainable tei:hnologyf. Following such a
 redistribution, the resﬁltihg development 'mayr be characterized by: a lower and
decreasing fnarket interest rate. If this lower and decreasing market interest rate is
Being used as discount rate, then renewable resources will ,m a greater extent be
conserved in a producﬁve state, investm’entr projecté leading to long-run negé.tive
tiaturéﬂ and environmental effectsr will become less proﬁtablé, and investment projects
| based on a ‘sustainable technology will become more profitable. |
If. manipulation of discéunt or interest rates is not a good- public instrument, we

~are faced with the following problem: What ihstruments ‘are “available for
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distributional policies between generations? (1) It orill of course contribute to
sustainable development to reduce through intemalization the over-use of natural and
environmental resources that is the result of negative external effects. This also enta.ils |
including negativeenvironmental 'effecte in benefit/cost a.oalysm. 'However, as I have
emphasiied above, such internalization 'is not sufficient to errsure susteinable
‘development. (2) Information regarding the lohg—term consequences. of the present
development can also eontﬁhute to suetoihabilityr Perhapé the future will not be .

better off; on the contrary, their quality of life may be lower than ours if the depletion
of natural resources and degradation of environmehtal resources are taken into account.
_,erch informa.tion may reduce compla.cency. (3) Since altruism for future generations is o
a major force in order to 'irhplerhent sustajna,bility, it is important to reinforce 'the
| bequest motive. To strengthen the degree to which nature’s intrins:c value is capﬁured
by preferences of humans, may also be helpful. . It is, however, unclear how public
 policy can contribute to this. (4) The public sector can contnbute to increased public
saving. Such a pohcy may, however be fully or partially neutralized through a |
corr&pondmg decreased private savmg (see Barro, 1974) (5) The public sector can,
possibly through international cooperatlon, eontnbute to the conserva.tlon of renewable
~ resources in a productlve state. ‘An international agreement seekmg to. reduce
' emissions of greenhouse gases is an example of this. Encouraging development of ,

‘sustainable technology* may also potentially be of greet,importance.
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6. CONCLUSIONS

Sustainable develorpmen-tr is conceﬁied with distributiona.l issues. The questibn
of intergenerational disi;ributibn is n@t neéessarily solved through the'artrtainmeht of
: ecohomic efficiency. Intermlizatioﬁ of éxtemal effects is therefore not sufficient to
ehsure sustainability. | |

A positive market interest rate is not inconsistent with sustainable develbpment. |
On the contrary, it can be argued_,that if the economy iollows a developmeni;' that is'
reasqna.bly egalitarian, then the ma:rket interest rate willrrbre positive. For some types
‘of economies, there are reasons tb assume that the interest rafe is decreasing'over time.

Present prices may not convey the infdrmation necessary to determine ﬁhether' |
development is su’sta.iria;ble.-r Development neéd not be'su?stainable even if ma.fketr prices
for all kinds of capital are available and the accumulation of manmade capital in
~ market prices more than compensates for the depletion of ha.tura.lmpi'tj.al.rr '

Finally, public policy aimed at sustainable developmenf: should seek to
strengthen the mechahisms that can be 7used'forr redistﬁbution ffom the present to the |
' -future. If developmem‘; is not sustainable, t.his isa quéstion of faulty distﬁbution, not

faulty prices. |
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