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PRELil\liNARY-PLEASE DO NOT QUOTE 

Abstract 

Natural resource account.ing has been the subject of much recent attention, both from 
economic theorists, and from govcmment agencies seeking to redefine the way national 
income is measured in practice. The implicit objective seems t.o be one of generating a 
more accurate measure of tme changes in economic well being resulting from production 
and resource~usc decisions. Fonnally speaking, we would like to link. a backward-looking 
measure of income (consumption plus change in wealth) and a forward .. Jooking measure 
of income (sustainable consumption). In this paper, I analyse a simple example of a 
resource-dependent economy, and conclude that it seems in general no index number of 
"environmentally adjusted'' national income will fulfil such an objective. Regardless of 
how well environmental adjustment of national income is carried out, the welfare and 
sustainability implications of economic growth are ambiguous. 

:t I am indebted to a variety of people for comments ant:I cncouragcmcnl rcgartling the work summarised 
in this paper. Seminar participants at Mclbouri1e, California (Davis), ~tnd Ln Trobc universities 
provided stimulating feedback-especially those individuals I found hardest to convince. The 
Department of Agricultural Economics, University ofCalifornia (Davis) also provided a hospitable and 
rigorous sabbatical environment in which to try out ideas. Elsewhcrc,.Larry Goulder, ~ndJack. .Pc?;r,ey 
provided encouragement, gratefully received. Lastly, Dave Alden and Jim 1bomson have provided 
advice and feedback over a period of time. None oft he above is responsible forthe contents. 



I . Introdudion 

Nm:uml Resource Account.ing (henceforth NRA) refers to the proposed amendment of 

national accounts aggrcgntcs sons to more accumtcly reflect annual changes in the stock 

(or quality) of Hnaturnl en pi tal". In ()thcr words, while we currently measure production 

of goods and services in our gross income mensurcs, we ignore the changes in air. 

wmer and soil quality, the deforestation. the depletion of oil and fish stocks etc. which 

reflect what we have used up of our "nntural t.~ndowments" in order to generate those 

goods and services. 

Those who endorse undertaking environmental adjustment nf national income ligures 

claim· --quite rcasonnbly·--thut the prc.sem national income figures arc seriously 

distorted~ by adding up what we product in a period without taking into account what 

we hnvc consumed of n:uure' s endowments, the accounting system encourages {or, 

more precisely, docs not pc.naliz.c) overcxploitation of the resource bnsc. relative to un 

efficient benchmark. The implicit presumption seems to be that such adjustment will 

"re-balance the scales", nnd in doing so. provide useful information regarding our rate 

of rc~ourcc expl<litat.ion, thus providing an incentive to utilize natural resources more 

efficiently. A metaphor th::ll has appeared in the literature is that we arc "steeling by the 

wrong compass" when we make policy decisions based on current (unadjusted) 

national income figures. 1 

Numerous questions arise from the foregoing disc..~ussion. Some pc1tincnt one.s include 

the following. 

i) How sh<>tlld the adjustments be performed. both in principle, and in practice given 

data limitation~'! 

ii) Where should any given adjustment be pcrfon11ed (stock accounts, flow accounts or 

both)? 

iii) \Vhat is the nature of the pol.icy fonnulation process by which a change in national 

accounting methodology might lead to more efficient usc of natural resources? 

iv) What signals regarding our resource usc are actually provided by "greening" the 

national accounL'-1? 

TI1e first tW0 1 more practical, questions have received extensive treatment by authors 

such as Robert: Repetto of the Wol'ld Resources Institute (Repetto 1988, 19.89), Salah 

El Serafy of the World Bnnk (EI Scrafy 1989), Jonathan Levin of the International 

I Part.icularly when those policy decisions have implications f<)f the. natural rcsourccbn$6, 
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Mom~tary I1und (Levin 1991) and the OJ;~CD (1994 ). In fuca, the United Natinns, 

OV{H'St'~I'S or the present standardized System of Notional Accounts (SNA), have 

outlined n sntcllitc system of environmental accmuHs, (he System f<)r Jntcgrut.cd 

Environmcnwl nnd Economic Act:oum.ir1g {tJN 1993). The AustraUuu llureau of 

Stnt.istks is currently developing n pmg.mm of cvnhmtion of possible additions t.o its 

measurement nf incmnc in the lighl of these dcvc.lopmcnt<; elsewhere. 

ny ~·ontrasl, the lt1s1 1 wo, more couct~ptuul. qucst:ion.s have been rclmivcly nt::glccrcd. 

The mtturc of the public policy pmcc.~~. tmd thl' rule of nationnl h1comc statistics in thm 

proccs .... hm. been mo'\tly ignorc.d iu the lit<mtturc. a nuglccl which is uufonunatc given 

the implic:tt rm:~suntption or NRI\ udvtJcntes thnt changing mtr nccountiug mcth()dology 

is a prerequisite tor improving our rc~oun:c u-sc. This situation is changing~ infiHlH(ll 

discussions of tht.• roll' of national accounts. in the policy process arc contained in 

Brekke ( 19'ML Harn'- ( 1994} and Anhcim and NytHwg { 1995}. 

The final qucsttnn lw;li hc~·cn giv~.~n more nnt~ntion recently, following l.hc seminal wotk 

hy \Vc1tzman t 1976); however. thi~ discussion has been conlincd mostly to C(ltnpctitivc 

optimi1.ing economics. which turns out to he a severe l.unitntion. Barris ( 1994) and 

Anhcim and Nyhor·g ({995) rwte that this optimality assumpt.i<;m rendct's the role or 
nntuntl r·csotm:~c ac(-'Otmting moot; the point, prcsunwbly. of undertaking such 
ndju~nnent i~ thut c.:urrcm prnctk~c~ are nnything but ()ptimal (efficient) and thm 

employing NRA i~ part of t.hc process of improving our resource U!ic. Both of these 
lntter papers prc,cnt smnc:~ di!'icusston of the tnorc general issues involved in intcqm~ting 

•·greened'. national income stmi.stic~. 

Anhcim and Nyhorg ( 1995} l'runlt1 their discussion in the context of the logistical and 

data diffkulucs inherent in gcncntting plnusihle nntiorHtJ .. fcvel statistics on resource usc. 

By c()JHrast~ the discussion below will asstunc on such difflcullics awny. l phm t.o 

dcmonstt·utc that even when nU physical qunnt.ities nnd shnd(>W prices are known With 

complct.c accuracy, O(ljustcd national income provides us with no coherent infos11mtion 

regarding either efficiency or sustainnbHity ofrcsourec usc. 

National income, as <.~uncntly measured, is most deHmsible shl1ply ns :~tn indictltor of 
currem market .level nctJvily. Conve1Hiom11 Or(>ss [)omc.stic. Product expHilitbr'f!~cl.udes 
prtlductivc activity outside the mm·kct scol.tlr, just. as it excludes ttctivily Which· dc~r~tdes 
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~nvironrmmtnJ cnpitnl, broadly d4~fincd. 'l'his is ~xnctJy the: bins which, .it is .~Wg,lJCdt 
ncc<b to be rectillcd by"""'""'h' particuhlr,~···cnv1rontn~nt:ll mUust.mcnt: of' mulonal in~;t)mc. 

lf we could t'etrltwc this bins, whnt w<mld we like to end up wltW/ 'ewo relntcd 

possihilitic~ for ;tn ''idcnl'' income mcnsurc to po.ssc:ss nrc suggested here. 

The t1t~t cdtcnon lhtH nn idc:,l munsut>c \Jf inc<m1c w<mld sulisfy is a <lt:ci.,.,·irm t'U{lJ <,)nc: 

Jncomc would p1·ovidl! u~ wtth a guide 10 the efficiency or otherwise of' our nmurnl 
rc~'ionrce ust-. cuahhng u~ to Jnnkc hcucr dccss,ion~. This st0tns frorn the idc~lthnt with 

tntr cutTCnt national nccotH.'lhng system. we :ux! "steering by the wt'ong C(Hllp:\ss". 

Apptnpnntc autcndmcrn~ would, nrgunhly, <.:orrcct l.he C<Hnpus~ so rhut we nrc 

llC\.'tmnttng fur the rel~vant socwl costs of rc:!~Out'l'C u_sc nnd t.mvironmcntttl dcgradntiou; 

nnd Hu'-1 ~otrcctml CfHHfm~" \Vtmld 1tnpnwc om' nbility t.n mnkc ufflcicnt rcsonree .. ~HIC 

dCCl~IOI\~. 

1\nothcr cnwnon we vdmld like :tn incont(~ rncnsurc t.o Mttisfy is a mt!asununcmr one.: 

that we could lllt'W>lHc t•rowth over a period <lf tum~ nnd dr·nw n ccmdusi<JO ut1<lUt 

wh(!ther ~Hch growth was "sm~winuhlc" or not; or at least that such mcttsurcd growth 
wns a ttucr lllCiiMlrc nf the c.hungc in livrng st:ttHfurds jn fh(~ economy lhnn is pmvidcd 

by our curnmt nlca,urcs. The fn<.~t thnL cconortusts from Jmncs Tobin nnd \Villlatu 

Nordhaus to Rnhcll Repetto have undc.rtnkcn adjustments to cotwcmimmlly measured 

income m n nutnh~r of cHflc•cnt '~ountrics~ suggests that they take seriously the notkm 
thm a wnc sene~ of' m.ljustcd nntinnnl income provides n truer picture of t~d ecot\()tnlc 

growth thnn a tunc st!rks of t.hc conventionally rnc:1st.m!d tigurcR. 

\Ve: cn11 formnh~c th1~ discussion by notmg the rwo Ct)tWCilti<mnl dct1niHons of income 
ust~d by cconmrusls (sc.e Brndford 1990). One is wh;U Bradford refers ro as the 
Schnnz .. Hnig~Simwl~ <SHS) definition uf income H$ cons-umption plus the eh:mgc in the 

v~•lue of wcnhh within n period. Bl'ndf<>rd tl()tcs that this is l:mckwm·d~/()okim: in the 

scnsc tlml. it f\1cusc·8 on the ccot1onty's recent hislOty. The second def1nition is the 

Hicksi:m one. of inc<:)H\~ ns thut :unounl which could be c<>nstmled JX:r pcri()d it1 
perpetuity. This isj(Jrward--laoklng in tlwt il is :l mcnsur·c (lf the cconomy'N (potclllitlD 
pn1ductivc cupacity. 

Perhaps r.he gonl of advocutcs (;lfNRA, ns rcprcscrucd iu the fo1h:>Wlng quote by R.ynlcli 
(HJ93): 

·'If Nat iomd Acct)lU1tnm~ could Jll't>vJde nc<;cptnble measures of '·he 
~c<momie d~ple~lon (,)f cxluJustiblc lnt\\.U1•1. rcso~u·c:es .. ml dtc 
ccon()ntio dcsgr:ndmion (>f OLU' uawmt W(ldd. thcs~1 ad,ded to dtQ~c 
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for cconornk di!pn.Xtirnion tmd d<!dUctcd from Oross t>r()dUclt 
wm!ld yield rncasurcs Qf Net Prmhtct which might show whether 
or· not we hnve been cxpcl'ictlc,ing susruinable consumption." 
<Rymcs 1993.. p. 199) 

•~ b~st summnnM~d ns thttt of <:lhtuinint~ l<u'\Wlnf .. J<>okit.l8 lnfbrnwtion from b:t<:kw:trd .. 

looking OlCttMH'cs <)f income 

There <!XIst~ a fhrnml IH~rnrure whrch dncs seek tu iuvc!\ttg:nt.c- Hm Hnkngc b~t.w~cn fhc 

SHS and llicksum cnnccpt.ron~ ()( mcotne. slt'!'Jmntng fhun \Ve~tznum ( 1976). nHhough 
Ius papttr \VU~ in part preceded hy SmmtclMJn ( t 961 ). As sUJlllll!U~izcd in D~\Sg\tpm 

( t990.p60l. it ~~ de{inNtomrllv true that reuf oct dmJicsttc pmduc\ (Nt)P) is the sum <lf 

the sncwl vnluc of nn economy\ constunpti(;)n plus the social vuhtc of the. ch~u1g~s in its 

stnc:ks of rcnl capttnl n'"cts \Vtth ~\ccumtc accounung. (shmlow) prices, an opthnizing 

compctttivt~ cconorn) wtll dlno~e the How of its cnnsumptions and mH invcsnncuts so 

us to m:n;:imi1e rcnl NDP :tt ench dat.e. \Vlmt \VeHzman dcunonstrutcd w~ls th:.lt real 

NDPJ nt nny date nlong an opumal eonswnpt.irm pnt.h rcflctctcd that economy's kmg run 

C(msutnpt;km pO\\tbilitics--·that t~tt NDP mdicntcs the level of con~umption which. if 

mamtnhlcd nt a cmtM:mt level fon"ver from ·~wdny'\ would g'mcmtc il present vJtluc or 
wclf:u·c cq\mlto that of the comp<.~titivc trajc,ct.tny from todny to the infinite fltturc. 

In viewing \Vcitznwn's rcsuh H.". a r<:~~~one:1litttion of SHS :md flicks. tUtuti<m needs to be 
ex(~reiscd. Aahcirn nnd Nyborg ( t 995) point mH thut \Veit7.mun ,s result doos not rcwml 

njimslble con~umpt.ion level thtu cnn be tnaintaincd in pcrpcntity; what it s)H)WS is the 
ltypotlu!liral comaanr consumption path which ht\s equivulatH prcscnt,..vall.tc-.of,.wclflu·c 
impli<.~HllOJlS lO the actual COilSlH1lplion/invcSUllCt)t path the cconOtny iS r()ilOwing. 
\Vcit.1..Jnan tncnt.inllS but docs nt)l investigate (dcprcei,tt.ioll of) types ()f cupitcd such as 

cxhnu.scibJc ttnturat resources. \Vhcn mum·:~ I rcsmtrccs arc inc<lt1Jormcd into real NJ)J> 
apprQptiatcly, ·~nn ideal index would deduct depreciation of t.ho country's resource 
stocks ns wc.H~-vnlt.tcd~ ()f course. at. accounting priccs.u (Dasgupta 1990, p6J .) 

These extensions have since bcc~n formally pcrfk>rmcd by ~1uthors such as Hnrtwiek 
(1990, 1994), Malct ( 199 I) and Dasgupta ( 1995). 'J;t1c notable thing about: tlretty rnvc;h 
aU of thh:; work is tluu it is focused ort the mc~ming of NDP when (C1) it is 

"apptopdmcly'' mczl•urcd. and (b) H rcprc~cnts the ~mWHon lo ;1 dynnmic optimizh)g 
prc)blcm. We hnvc remarked nbovc that Nl:>l) is thus being derived as 1\ wclfat'c 
r.nc4tsurc, huL one without any immediate tUJiiey si~nif1cuncc! l~rcstun;tbly.. th~ t't!t~SQJ) 

we w~mt to be going to the trouble of conlJ1UHng lhc:dcpr¢ciation of opt mttunttrcSQUf¢e 

1 WQHumm 11.nd others tend to us1,} lhc Ill bel "ncUHllh:>nnl product!?, but 'f<>t th~ piUJlOiic.~ ofmtr 
discm~slotHhcre is tlO distlncH<)h, 



base is t<:) give u~ (or some policy rnnkers who nrc charged whh, s~~y, tcsourcc 

Jmumgcmcnl) SOIJlc: kind of signal rcgnrdins the wisdom or our curtent policy scttiogs. 

Yet t.h'~ \Vt~it7,mnn/Hnrtwick :mnlyscs ore predicated nn the nssumption thnt all <)urpollcy 
setting~' nrc ns wise ns they cnn h~!. in thnt they arc n solution to the relevant sooiaJ 
wclfnre pmhlccrtt 

llvm1 notwithstnnding 1111~ hmnnunn, sev,~ral mnhors have questioned the meaning (lf 

the Hmulltonmn-.as.-incnmc analyses described nbovc. Fm· srx~cific criticisms, sec 

Ashchn t1994),l3rckkc ( 1994), Usher( 1994) ttnd Pc?;zcy (1995), Meanwhile, the first 

explicit nttcmpt I am nwnrc of to nnnlyzc what the up,wopriatc. welfat·c mcnsun~ would 

look like oway fmrn the nptlnnun is by Mnlcr (I 995 ). \Vhat he shQWS is that the 

appropnotc..~ mc~ttMUl' 1r1 thcs'~ <.:trcumstunccs i' non-linear, cmu.nining changes in 

surpluses whtch tUl;• not pnrt of l'otWctllmnal nntinnnl income mcnsttr·cs. 

This thc.n mvitcs the qucstwn I am mtcrcstcd in; n:anmly, hnw do we intcqm:~l the linear 

111casurc whtch is uctually provided by the Nntional Accounuu:n? Mom specifically, 

whm signab regarding rc~ourcc usc will we receive by using the suggested nccountmg 

procedure!'! to adjust gro1'1s incontc to net income in order to rcflc~t dcprccintkm of the 

nntural rcsourcl~ base, givt•n 1lu• pos.\'ibiltty of iw~[fic:imtl resourcl~ deplerion? Whill I 

hope to dcrnonstmtc il-l that. tht~ hignal~ urc fnr lcs~ strnightfhrward to interpret thn:n 

mi.ght he a~~unwd at first blu~h. and would need to be intlwprc.tcd with extreme cmJti<m 

and insight m order to improve tmlU<!r~. 

3. Net lncomt! for An ()(ltirnising Rcsourcc•l>ciJendont ltcono01y 

Pootnoted 10 hts obsct·vntJon above n.~gurding the .. ideal index''. Dns.gupta observes thtH 

cruploying such an indt~x .. leads tn the scc•nlngly pnrndoxical result lhat. NI)P in a 

country which lives S()lcly off its cxh,Ht$tiblc rc.sourcc,s is nil, :lnd it i~ nU no malter how 
high the cm·rcnt consumption ~s:· Why this is so will he explained below when we 

revise tho Hmclling principle and apply it to n simple example or n rcsourcc .. deper\dcnt 

cc<momy. We shttll nlso cstublish that l)~csguptu*s comment is tmc only in pnrtic~llar 
circumstances; namely, when the rate of depletion is HotcJiing .. cffJcicnt., or when the 

cUtT(~Jll mnrkcl pric'~ is presumed to be the ~hadow pricc-th;.H is, ifthc depletion path is 
tM'Stmwd t<> be cfOcicnt. 

3 ~J'hal. 1~, if thure ant :my prll!cy stn.tings, One!, w1~y nf vicwin~ lhcs~ rcstdt~ is. ;ls tt crotnr~~.iliv~ l~l$$~7.~ 
t1•irc cqvillhl'ium. where dler·c :mm•umy pnlici~~s ro wCln'y abotn. 

6 



ThC' prindpuJ conu·HHHion of lhls pnpcr ish> show Hmt not (;ttly om1 Nl;>V hi a tcs<>tH'Ce .. 
dependent cc.ouomy be nm1 .. zcro~ hut thut Umt Htct has smu!l importtun ~md neglected 
ptllicy imptlctttiomt 

Tl1l:v upr)rmldt J ~hull tnf\<.1 is tn nnolytc vurious nmionnl ucco,mting mathmtotogi<!$) tUld 

rctmcd rcsow+cc usc "dt~~:;·i~tion n.tlc~ 't in o s.implc ~xnmplc fJf u r(;tsmlrec,.dof)(.UJdtmt 

t~t.·onmny. By tlcdslt>n ruk'. l fU(~#In nnuonnl uwoHHH·cJnlcd crHcria which might be 
U~t'd ns. guHft~Hnt~\ in 111ilkmg H'\OOI'l'C'··\lSt~ d~dsions, TlH~SC f'Ulcs wm l~~ spt~H nut 

t~x.phct11y below 

Th(;• 'ttnpk~ \('l uf l•xtmltlk\ dt~~t:nhtt.d ht~lmv (aud tn the App<mdiX) wnt involve what l 
will h•lK~t a Hgunno t;(.'m1nlnf' mw thnt Hves ~otcly nmt directly off tho procaeds of 

Pxtn.tclinp. 1\ non rt~lwwuhle rc~nurcc 'l'h~t .ts:!\tHUptiol\)) arc ali fot1ows: 

• fht' demund cut:V\.7 l<u·the J'(;"MHJJ'(;~~ is gtvcn. tinw· invn.dnm ond ktH:lWll JJ) nih 
• tilt• r't~~ourt·t~ stn\tk ~'' given nmJ kno\vn 'Ito m~\V !Hocks nrt• found~ Uf least not in 

nny I!Hlt~ frmne \Vlm:h ~hnuld ,·ouccm Ul\; 

• tiH.m: uri.:' ntH~xtnwtinn t'Ost~~ 

• the pn'lct:cdl\ nf 'nlttHL'tlon nrt• cousmnN.t· ·-then: is nn rciuvcstntom (physietd Ot' 

tinarwwl )~ 

• th<~rc i~ no mlcrnutional tmdc~ 

• tlK·n~ nrc no ~tock effects (nnly cun·c~ntly <!Xts·nctcd. unHs nf the: resnt1rcu corndtmtc t.o 
t~UITCIH otility}. 

• there is no disutilily nssocim~~d wilh PXfnwtion nr ~.~omannptwn of' the rcsnurct~ {l.c. 
no pollutiont nnd 

• the nnnlysi.s Hl cnnductcd in discn.HC' t.irnc. 

The nottuion forth~.~ cxnntpl~:!s in the rest ,lf the pnpcr wHI ob"crvc the f<lllowing pnttem. 

Or =the totnl (rcnmining) stnck of the resource nt the huginning of period t.. 

q, = the ummmt cxtt·nctc.tJ in rx~dod t. 
p, :: thu unit nHH'k~Jt price in period t, given cxt.m¢tion q" 
f11 = the. t.mdcrlying presem •'tllm~ <Lc. cwlfuutcd m pcdlld r.e.ro) slHtdow pdcc of the 
rcs(>urcc in period t1 given cxuuu stock Q1• 

These nssumptiotts <!tmbhl u~ t() portrxty the hHJ)ilCt l)f rcsoutcc cxtmctl(>O on ouodjttsted 
nntionnl iucmnc ns foUows. S()mc ntnount of th~ rcsourct.~ \ViU be cXU'~~c1cd .ill j-;¢tiod 
zero, ~md ~old nt. the market pdec nssocintcd with that ~wantit)". This wiU b¢ ·nic~t~ttt<ed 

H.s lho' pcri<>d 1S (Jn:ms t:>omcstic Ptoduch ns t\>ltows; 
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FromlH!ru. we need a method for adjusting the nccoums. In raallty. we will be Umilcd 
hy u gront <k~grcc nf ignontnc<~ rc.gnrding true chnnges in sto~tk lcve.ls~ the :)J>pf'OJ)dtHe 

l\hadow pricul) and so on. nnd rnnny or the discussions of NRA nrc written in the 

~:om(~ XI of overcoming such dma prohlcn·1s. The purpose of our exarnplc. howcvcJ\ is 

t.n ntlow oursc~lvcs to al\sutnc awoy nny datil dtfHcuiOcts and foc1ts (:ltt nm.iomd income ns 

if we c~onld comtnm~ it nccurnWI)' with <~ns<~. 

The most colmnon approach tor uwnrpornting non. nmcwnhlc rcsourc(~ dCI)IcHon into 

the nntinnnl accounts is the~ dt•rwNrimhm npprondt, ns di}\t!U~scd by Repetto ( 1988). 

Repcuo et ;d.< IWN} nnd J)u~gupta < 1990} nmong others. The logic of I his nppronch is 
equivalent t.o the trc.ntm(nlt nf pt'oduccd capital in the computntion <)f Net Domestic 
Product (NDP) a~ well a~ mldmg the voluc of m~wly pn>dncc.~d cnpilal as pan of gross 

mcomc, one would w1sh to subtract nppropnatdy mcrt~urcd dcprcdmion of the axisting 

capHal stock. 

·r~hc <]llC\tton then bc<.~omc.s one of appl'oprintc d(~finitkm nnd nlc!asutemcnl of 

dcprccintinll. The lllCI'Hlurc provide~ ntm't~ thnn one way to skin this pat1icniM Gat, 

;tlthough Dnsgupru·~ stncttut~ nbnvc provide,s a ~tern hint :dwut t.hc n1ost apr)n:;)pt.intc 
'•textbook .. nppmad1 (()defining dcprcciution \\lith that 111 mind, we tcstrtct QUI' focus 
in this section to whnt we rnight luhcl nn "orthodox., mcnsure, then in the subsequent 
section discuss some altcrnmive~ wh.rch nwy b(~ nf nHercsr 

J3oing mindll1l of Dasgupw's ~mnmcnt nlmut vuJuing clmugcs in stocks m nccomlting 
pdccs. and Maler's ( 1991) dktnm: 

"''l'hc value .-.r lhc chnng~'! in the swck (not the change in the valnc 
of the stock) should be h1chtdCtL Anticipated cnpitnl golns arc nn1 
pm1~ of national ir\c()mc:• (p7. Maler 199 L) 

it should he cfanr that the orthndox approach is to define per,..pcrind dcprccintion of n 

m\l.ur•nJ resource as shmlow price times chnnge in resource st<)Ck, Lt~. 

'l'o understand how we should think ab(>tH, dcptcciution (;md fh· ,,, shadow values) in 
fhis c<-nnc:xt, it is usa.ful lO gn h~1ck ovcl' wh;u we know nboot the thcocy ()fJJ!\tlir(tl 

resource dt1f)ltH.hm, in particuhw the '\>pthnnl dcl)l4lion'' utgumcnts developed hy 
Ht)lcHing ( 1931 ). UorciHng's ~ohrtkm afmtnc;cdzed '' c()mr1Cfitivc cquiJibd~un in 



rt~sPun..'(~ m;u"k~~t.!t} hut tho i1npnruuu point is thtH···""Hke HHHlY niocly bch1wcd conl,r~thivc 
(~qulllhtin"· it t•ttn be de.t~ivcd fnHn tho !\nluUon tn nn opUtni?~hl1~ (wctf'ura n\oxltniziug) 
prutt~t~IH It sltottld be stnlt•d upfhml thntlh!;t nptitniz.intt JH'Ohlcm Htkt:~.s lh<~ ~pccH1<t fOrtU 

of 1.t prostml·vuhttt·of"ulilily mn,,inmtlnt~ probkHnJ wh1ch thuu tms no <~.rpllctt 

mtcT!ttmtmu ionnl fhcul\. 

The key (1;.\1\(UI'IJ' nf llotdllll!l.'"' ~olultnll \VIIS that tlw rcsmu·(~t~ prk:c (llCl Uf Q.xlrnctinn 
<.'t~·.t~ wl1(~1·c thl•\r: were po\lliVt.') would n~c ov(n ttnK• nt n mte equal to the hlWI'IJSt r!U¢, 

und c;•x.hnustwn would o~TtiJ IUkl II\ th~~ rt·Mmrc!:' pncc ht1 the Hchnl~t' pncc... ~rhc <thoku 

Ill'!<..~<: 1s d~f'nwd w~ t•ttlt(H the~ pru.·t.• wh(~m thnnund for the r<.•sowx:c fnlls to zct·o, o1· else 
\VIWre nn nllcrnativt~ wchnolog.y lK't'IIIIH~~; (•t:nntHnh.:uUy vinhlc. 

Tl1uh tlw dt•phmon pnth dl•fuwd hv I h'IH~llllll;l lmh the property thnlthe p1t~Sl'Jll vrduo of n 
unit nl tht~ n~kmlrt:(.' ~tny" l'onstmH ow1 t1me. l'hc present vnh1e tJf the tollll stock wifl 
c.:lumg\~ hy lht• Vilhu: nr th~: unwum dcphtt,~d. In otlwr words, ukmg the depltHion path 
wt~ huvc d('lllwd /~n · p11 Jl;- '11 t· (0, 'f). when.:.• T ts the penod in which oxhm.lstl<m 

m:.<.·m s, nnd so the tkJlfl..~\!lill.!on tt~rm <.~xnrtlv cuncd~ I'Hl tht: vuh1c nf I he ~'UITCIH snlos. 
lt!UVing Nt'f Dutm:~lk' Prmlu~:t (.1qualto mro:1 

This u>~ a wt:llr~..•c(ll~nlzcd WMIIt (sec: Oa!i!tUfliO 1990; El s,m,fy l 989), even if [)ttsguptn 

dtt}ICrlllC~ II ax ''stH~mingly punuloxicnt'•. (!'or lh(~ pur·poscs of tlu~ I'U1't or this pnpol', lhO 
unit shadow vnhm of tht• rt•snurct•, p,. wdl ht.• derived ftn111 tht: lh.lWlling opthnh'.Otion 

problem.) 

Howt~VCt\ wt nrc 111Wmswd in mnm gtmcH'UI pt.lsslbilitio~ thun rc-smm:::cs being depleted 

''oprimully''. Rnthl~r. W<! illl~ intcn!sled in tiH~ question of hmv adjusted nnti<>nal immrno 
Is nrfl!ctcd by diffhnntt rmt~.s nf rosoun:c dcpltttion. By cxaminlnt~ this question., wn (,~nn 

oxmnlnc in turn whctlu~r nnd how the qunlit.y or the l{ignnls-·the ucJirccUon of th'~ 

(<~OillJlil!-tS ... ., .. is improvl~d <nr not) by ntl'Wmrillg nnd dcduotillll dc·JH'Ct.1intlon .of the 
resource bnsc from gro~s iucnmc. t.n Olh(~r woa·ds~ cnn w~l usc the 1\tlatlvc l<~vcls of 
NI:>P m nud away from Uw optimum 11s n guide to where the optionnn aottH,IJY Is'! 

4 t,nmlcl\1ld lifHl n i!ldS (11>35) dillCII~~ N~iV~:rnl woys In whidl dc:fi!'Ccillt.lon (!flit I~ vnhu:d (npr@tltm. 
'l'lmsc wHIIlU ~>vllhmlcd hrh~n~ til tllc und uf' S~-tuthll\ 3. 



Here we will examine th~1 chungcs in incomu which occur us the economy moves ttway 

from cfnch.mt resource depletion. lu pnr.ticulnr, do we see fi1lls in ttdjustcd htcom~ if we 
diverge fmm the cJfichmt lcvcJ?S 

This is really a formalisatkm of the "compa$st; rnctnph<w: If we lake efficiency in 

dcpl(!tinn t.o be our aitu. then nn upproprint.c compnss \VHI guide us to cft1cicncy by 
providing the mttximum reward when h is ob(aincd. ~Phis is summarised in the 

ftlllowing definition. 

Definition: A nationul cu·caulllillg metlwdo/ogy is said m be W(~IJ<Ir{!~c<,,INiM.ttnt {f 

nmimwl inconu' is maximized wht>n tlw ec·onamy is at a P(lrt~to l)ptimum. 

The iden of weHnrc--t~onsbtcncy ns defined nbove seems to be n n.m:mnablc pr()[icrty f'or 

a well aimed ~cnnnmk Hcompn~s" to po~scss (where the Parcro opt:imum in this context 

is defined as the level of extraction in a period consistent with the Hotelling efficiency 

condition, defined given the extnnt stock at the stnrt of that period.). 'l'he current 

practice in national accounting. which tguorcs mnny economically valmtble forms of 

pn1duction and consumption, is virtuully by definition in violution of this criterion (see 

the discussion or Gl)P in this example below). In pructicct wclfnre-consistcncy allows 
us to trent nmionnl incmnc n~ nn objective function or welfare critcdon. Higher income 
is hener. (See Figure 1.) 

Given thm we have established n bcnchnuu·k l.evel of zero NDP as consistent with 

efficiency in ou;· example, the question becomes, is zcto the uwximum NPP 
{\Chievublc'! That is, is it the case that inefficient cxtrac(ion gives us n<!gative NI)P'l 

P.-oposition 1: Oross domestic pt-oduct, as de.,(ilw<l in equation (I), is not we/fl1re .. 
crmsi.\'tt.!il t. 

·~Proor;: (Most of the proofs in t.hc tcxl will be heuristic; some more detail wiH be 

provided in the Appendix.) Given the stntlc market. conditionf) as:lumcd in our exarnpJe 
(where only the total stock chungcs throttgh time as a rl~sult of cxtrnction)l the condition 
for maxitnizing GDP is the same in every perioq, implying a (lonstant rale of depletion 

through time. Efficiency requires, on the C>lhcr hand, declining extraction per period 

5 One poim of clarificution nc~(ls lo he llll,dc nt this Slil~c conc:crnins the tiPriV»ti<m m1t1 .io\erprctt,ti(m ·Qf 
the sfmdow pri~c p,. ln a discr<!t¢~timc nn:ti)1Sls} it C(mlcf refer oill\cr to~• b!!~hnting .. qran cn~t~of~-
pcric>d vnhlc:.. In I he hlller ens~, (l~trncti(Ul in period t ltftcols (he, sh!tdoW price in m~ttpcrioqt Whil~ in 
the ft)rtllcr Cl\Sc the shflt.iPw price in pcrlotl t rcmnin~ tmiltmr~gcd whilQ th::n. ht period HI ¢tHtn!W~ a.~ A 
<Wnscqucncc. We will lYJlic;tlly nssutne Uw h Is bcginnhH~"<.,f'ipcrlou me~$~re.\Jnt¢ns stqt~<H)tl}crwls~, 
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ttnd c<mscquuntly n rising pricn pnth. 'rhus nurximizing CJJ)P cnn not be compMibJc 
whh efl1cicnt cxtnlction. 

t•t•HJ)HSHion 2: Nt'l dmJWSllc pmduct us dt.,Yim'd in 1!(/Uatian (4) is not Hlt.f/./hnt
,.m,siste.Jtt. 

l•rouf': ln cquntion ( 2 >. for utHioual income tn !Jc wo.lfitrc--ctmsifii!:Ht requires, ns 

described nhovc, thnt NDP he notl·tmsilivc when n:soun;<..~ usc is incf'ficlont since h is 
7,cm when r<.~snun.:e usc~ is c-ffkicnt. In the context of our l~:u~mplc, we rewrite cquntion 

(2) ns follows: 

It cnn easily lw seen that fm any f'o > flo· NDP will be ttotHwgntivc, only n::nching 
zero when p11 htlh tlw dmkc price (i.e. when q11 :";' 0 ). If it can CV(!r l>c the cnsu that the 

ncnwl prit:c 111 nny pet iod i\ grt•atcr than the hhadow pnltt: nssocintcd with the resource 

in that perimJ. tlwn NRI\ ·adJusttnctH dcu~" not k!ud to wclfm·c-cottslstcncy of nutionnl 
incouw. 

Tn dt!lllOilStrate thnt NJJP is uot wclfure-,consistent (thnl is, it is possible that Po >Pit) 

is t.rivinlly cnsy. For ht~ginning--of·pcdod shndow JWices, they nrc dt~{lmtd tiS constnnt 
through thnl period. So any quantity ext.rnctcd h~low the 'lo consistent with given 
shadow price p0 would drin~ the nwrket prict• nlHwe lhc shnthnv price und r1tisc NJ)P 

nbnvc zen). For any downward sluping demand curve defined over nll q, this Is 
possible for any shudow prkc below the chukc price. 

By contmst~ cnd~nf~pt,rind llhmlmv prices nrc inllucnced by ctH'I"Cnt cxtmction. Any 

uxtrnclion levels compatible with pm:it.ivc NDP us described ubovo will be conscrvutivc 
with respect ro the crtlchmt level of uxt1·action. The remaining swck wilt be: larger' thnn 

it would have been hnd the cn1clent nmount bean ex.tructe:d, thus driving the current 

shmJow price down, resulting in NDP being not only positive but greater than H would 
be if w~~ were using boginning~pcl'iod slmdow pl'icc:-.. QBD. 

l..enmu•: Ma+rimi'li11g NDP re.m/t.v in a cmJsetvmive dt~ph!tirm path l1afng followed 
rl!/ari\~(,1 to tlte c.Oicitmr pmll. 

The imuitk>n for this result should ho obvious frmn the discussion nbove; ~tnd nJI of the 
l'<lints cstnblishcd above can be illustmtcd cnsily on n simple dit\~ram. (S¢e~Figure Z.) 
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Porn given sbndow price, ;l higher pr·ica results in positive Nl)P. The sum nf the 
shaded nrc,)s represents GOP. the dnrk nrca is dcprcciaticm und tho lighter m"¢a is the 

dtfl'crcncc i.e. NDP. H 1s cnsy to sec that inflming nnlional income involves reducing 
ext ruction in nny pctiod he low Uw cf'fkic.nt amount which wonld bring the shadow nnd 
mnrkct prices it1to line. H we tnkl' the ohjeclivc function which genat·atcd the shadow 

priccR n~ the npproprinte mH~. nnd if there nrc no C.\Xtcrnnlitics umu.:.:coumcd for in the 

arithmetic when we hnvc done (which tniglu wnrrnnt slower d"plction thnn cconmnic 
efficiency would dictate), then this ts not nn encouraging result 

4. Some U•·icf Kxtunsions 

So much for the orthodox approach t.o dcprecintion. Other tcdmiquc~s fbt imputing 

dcprecintion to depleted rcMnm .. :c 'ltnck" can be round in the literature. One can be 
gfcuned fl'()m Hit:kh hitn\cff: 

'
4Let us then define tho dcprcdmion of the original stm~k of cnphal 

us the chffcrcncc betwt!cn the tntnl vnluc of the goods comprising 
the originnl ~toc:k as it i~ m the end of the year ( C1) ttnd the vnltJC 
( (~>) which would haw /wen put upon //1(;• iniliol stock m fhf~ 
hc•nlnning f.?l the yettr il tlw <'Vents t?f t/i(l year had been corrl'l'fly 
j(Jte.wwn, uu luding among tflost~ evenrs the c~apiral vo/u(l C, atllw 
end(~{ the year.' (p 136. J~lieks 1942, emphasis in originuL) 

It would seem rhnt the most appropriate-or pcrhnps just the most obvious-way to 
interpret Nicks' vcrsjon (which he dcscdbas u:s the us wed ish" defini~ion of 

dcprcc:httion) in the context of my simplistic story is tt1 upply the pcdod t+ I shadow 
l"'ice to the period t capital stock. Jn 111v notation, C1 = p1Q1 and Co = p1Q0, giving us: 

(3} 

This can be shown w violate weffnrc*C(l!lsismncy as easily us wns shown for the 
orthodox measure of income in the previous section, 

In n sciU'ch for a Wl~lfnrc,consistcm income measure, we may be tcrnptcd t~) viotmc 
J)osgupta's nnd Malcr•s h\junctions, ond mc~\SUtc dcprcciatitm os the fuU clW!l$4 ;;, 

valluJ Qf the stock, rnthcr limn Just tho physicnl ehnnge evnhtQte<J nt u fixed 1$hmJow 
price. This implies m1 income: fonnLtli\ as follows: 
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'fhl~ '" u IHOrl' rn111plt~x t'Xpl't'~'"lon lhun Uw otlwrh Wt~ ftavt• Oth~'otii\IOI'lld OlliS fur. 
Chmlgtt\) Ill (!XInll'lum 111 11 JWIIod wtll nnw hHvt• !litH"~\ nmttmlly nfl'sf~ltlllg t~flbctli on 

tw:onm than twfmt• \VIII tlw"'t' t'fkt'l" lw iittllidmll to prnvidt: Uf) with n wcHhr~: 

t.'onstMt"tll m~·.,~wr·• S1l!lW di"t'll\\lon u"' to why lhl• mtswet il-i No iR provided in thu 

AI'Pt:•mltx 

J~or t.•omplt'h~m~~.,,, Wt' ··d1o11ld not'-' I hill tht' nmJIInnl/n~~~~ thchotomy hct'tHlh~l-f (,10illplt~X. hl 

tlw Wf!Himtm/lfurtwld~ et nl. world \Vhtle lht~ HmwltoninH mwlyk<.'~ of thCJ!iC uuthot'S 
IHIVt~ ht:~,•n '"'ondu~.·tt•d m wnn~ nf "urn.'nl pn~·t) Nl >P, 11 th rtYtl Nf>P in tlm HOtmc thm it Is 
n tvfk•t.:tton olr1·al qur~;t•HI vallll') t:£llll-,tllnpurm pn~;,..tiHIJUcs, nt ~~~wit tf the llntcllinu 
pHth f" '"~mg follnv.lc'd. Thl' re\oltn·t• prtt~c· t i~eh ewer tHn(:, hW thut 1~ directly du<.t to t11e 

l7nnlimtmp. dPpk•t1on ol th~:~ n!hout'L·~_;. 11 '" 1101 111l1ntt<HHII'Y in the typ~t.:ul sonsc, hut rnltmr 
ll*flt•t.·t~ n:uJ duwgt~~ mthe ~lmdow p1 lt't.1 ·n,t• Wcli/HUJn!JJnrtwick f<~tilllt thWi cmwcms 

rcnl NDP. hut 11 II\ c:omptltl•d U"'ing each pc•riml\ prh:l~l1.r1 Brc,~.kkc~ ( JQ9,1} hus polntod 

0111 thut the ~lundnnt ncrounllllll HPJWmH'h to enll~lllnting runl NDP lnvulvmil usllll! 
constant prhY•.v (/O'os' fN'I wd\, whidl wtll pnlthlct~ diff(mmt 11gun:s In tlms<.t prn<hJat:td 
hy uxmg tfn~ Hnmiltonmn llflfli'!Hit:h 

Out nf curiP$\Hy, whnt would mttl NIJP hwk like in this comc.txt tr cnlcuh\tc.d wHh n husc 

ycnr pi'icc'! Til~! shndow pt·ic:t: fli~ UM:!d in th~: dttpn:duthm t''''ll1 should sUII he I litH which 
1mwnil~ in the r>~,~rlnd htdng HtHllyl.,'d, hut tlli~ nmrktH price Hkml lr) vnluc the mnounl 

axtmc!Cd will he J~t~pl in hnst~ ytwr h!l'll\l$, sr) l.hut NDP in p1.wiud t (say) wffl f(Hlk llko: 

til' 

, . . . wnuld obviously hu nu.gntlvc nlmtg tha NultliUng .. ufflolcnl pnlh sill\.10 
Po ~ p 1 < l'rO + r). Uul, ngtlhli Jmlidnuu c}xtmcUon cm1ld {tflRlli'O thut fhis Wtts 

positive IJ dcsh'(;~d. TllUlh thili manstH'tt niHo foils thu w~ZifnJ·~~consistuncy l.ost~ 
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The applied literature on NRA has pnt fbrwar'll practical proposals fbr adjusting national 

accounting measures for resource depletion; and these can be discussed at this point in 

the light of the above results. Landefeld and Hinc~ ( 1985) discuss two key methods of 

adjustment One is the Present Value 1ncthod. in which, as the name suggests, an 

explicit. nttcmpt is made to estimate the discounted net value of future sales of the 

resource. An easier method is the Net Pl'icc method which just. imputes t.hc current net 

price to unit~ left in the ground: this implicitly a~~umcs that a competitive equilibrium is 

prevailing. Obviously. if such nn equilibl'iun1 doc~ prevail. both methods yield the 

same result. Howcvr·t-. that neither of these puss the test of welfarc~consistcncy is 

shown in the Append• x. 

In Harris ( 1994 ), I also diseu\'i the tt..,cr-Co\l adjustment advocated by Salah El Scntfy 

(sc.c El Serafy 1989) a1-- an altemntivc to the depreciation nppronch. which he mgues is 

inherentJy Hawed. In the Appendix I ';Umnumse my urgumcnt,S from that eMlicr paper 

as to why El Serafy·.., .adjustment also fail\ to satisfy wclfarc·consistcncy. 

5 . l>ccisin-n Rules 

NRA~adjustment. of national income ac~ounts i~ proposed in order to produce figures 

which more accurately reflect true cconontic welfare, and/or sustainable national 

income' (or even ~<sustainable growth''). Doing this is presumably important because. 

as mentioned above, measures of economic activity/growth play a key mfe as inputs 

into policy de.cisions. R If they did not. it would be a sate presumption that there would 

be less support fbr. and impetu~ towards, implementing some form of NRA. 

\Vhat this means i~ that we need a way to interpret the index numbers generated using 

NRA, in such a way as to promote c.fftdcncy in resource usc, That is. arc there any 

decision rules based on the NDP metL~ure generated in equation (2) which help achieve 

that end'? 

The idea of a decision rule, as I employ it, is similar Lo that of a conventional objective 

function in economic analysis; that is, something to be maximized or minimized. My 

7 1t should not be assumed that these concepts will be quantitatively equivalent 
8 .I have alrcmJy noted tlwl this miscs a number of so-fur unanswered questions about the role of the 
national accounts ns an ir~nucncc on policy, and the subsequent impuct. on resource usc decisions. 
These will be to do wi.th who nctunlly owns the resource (e.g. public or private sector, or both) and 
whar. policy role the public sector takes with respect to the resource industry. Some of these issues arc 
discussed more fully in Harris (1994). 
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choice of terminology is simply lo lughhg.ln the policy dccision .. making process I nm 
inlcrestt~d ill con~ideti.ng. Thm is, given different possihlc qwmtltit~s of the resource 

which could bet cxttncted within n period, ond the NDP figure ;1ssocint.ed with cnch of 

those 'Jlnlntnics, whm deciMnn rule re~ults m whm chmce of mnm111t tc> be extracted in 

ttwt pertod'1 

The flrst and mn~t ohvmu' such denstntl J'ule, choosing lhc~ quamiry which max.imit.,c" 

mcoinc <NDPJ per period. doe!<. not ~t.·rvc:• to promote cfflc!cncy, as wns dcmonstnncd 

ubove m the di~cn~~1on on wdf:tre·ron!-IJ!':!lcnc) 

\\'hat of economic < NDP) grr.•\t'llt'1 Ho\\· arc we to mu~rprct ycur·hy·yc.ar changes in 

mttinnaltrK'H!llC, havtng m.lJU:-.Ic~d mttlonal mt·onlc m l.hc way\ theory ~uggcMs, nnd how 

might tJH.~~->c l'hangc\ ht~ u~o,cd a" 11 dcc1~mn cnt.cnon'' Ht:•rc nur gunno econmny oxamplt~ 

i\ Hl'>trurttw \Ve knmv that, II \vr nn: U\lllft our non·rcm~wahle n~~ourcc effic.tcntly. 

growth nug.ht to he t.cro -.m<x~ ef!lc1ent (kpleuon '"' t.ero every pt"I'JOd. l·lowcvcr, .il 

should he dc·m that ~mce 11 ' ' po~;~•hk to prndtKC a po!-,ll!Ve NDP in c:~eh period, it is 

po~s1ble In prodm.·t• po"'tt1ve rail•.\ f!/ ,t:ruwrh 111 NDP d lhcy are desired. But since a 

po~iuvc figure for either m~t intomc, or growth m net tm:mnt~. i!'. economically 

incftkicnt ·-··CV(~n tf nne or other \Ct·m' to he :1 polttt<..~aJiy ~cn~ihlc thmg to aun for, not 

lcnl\t. because lt look.\ cconornically re~pOJl\lhlc· nc1ther max unum NDP nor maximum 
growth 111 NDP over \Olm: hnruon can he takt:~n n~ U!-.t~ful effictcney intlic.:atorsY 

\Vhat ubout moving hc.~yond the agg.re!!Hte index nurnher lnheled NDP. and using its 

componcm~ aJ-. a gwdc 10 rc!'.ourct· u~t·? In Jnore complex m~)deh.. we could 

disuggrcgatc at a number of leveh ... hut 111 our ~unple gunno economy the rno~t obvious 

and relevant disaggrcgntinn ~~ htHwccn the two componcnt!l, gross income •md 
deprecint.wn. Depn..'CHHion a~ a proportion of national ,n,;omc h:trdly seems like a 

sensible bnsis for a dcctsion ntlc, m the scns~:: thnt there ih no obvious justific~ltion for 

trctning it. as something to be mnxitmzcd or rninimizcd (given that it could be negative). 

Once again. from the BotcHmg condition. it ts clear that dcprccintion, con·cctly 

mca.c.;urcd, !-lhouJd be just equal tn gross income from cxtntction. (While this is 

appropriate given our best estimatt~s ()f the shadow price ()f the resource. keep in mind 

thallhis holds by constmction if we use the Net Price method of evaluating depreciation 

as described in Section 4 nhovc.) 

9 This is not Jl~(,~t\SSarily cnnnm~d io liOIH)t'lUmizing economms. 13rckkc ( 1994) discttsscs l\Jl cxnnmlo 
of npthnnl poli~y choice in whit~h m~1:r.innz.ing NRA~ud:Ju~t,~d inc<>ln¢ gt'OW!h cnnOlCt~i with !Hljust.ing 
welfare 

J5 



It might h<• fntdy c(mdmJcd thut the tnu~t uMrful wforrnutkm content dc.dvl.ng. fi·om 

NRt\ udJtthtrnent of nntt()ntd iucmnc cnmcl'<. frnrn the chsuggrcgtttt~d cornpon4~nls of 
mtnmm.l HlC<lfll¢. mther than t:hc md(~X tmmbet ttsc:Jf. \Vhilc t.Bc: index rm1nhcr dnc!l in 

tael admit of un t~cmlcHnu: mterpretation. lo be cH"cu\kCd in the nt~Xl !->cchon. Utcrc i~ a 

ca~t~ for chwrung that the purl~ arc Ulm'c tfhnninallnf! thnn the \vhole. HI 

(t. lnH~•·IH'l~.tatiou m1<l Distussion 

A~ 1 htWC nlrcmJy HlllllHllcd. the l\'\Ulh l-lo llu gtvc rl\c to quc~thms and (,~on<,~cm~<; 

n:gardmg lht~ puhlu· pnln:y H!',fK't<l\ of nawml tl·MlUrt't~ u,;,(;-. und \'.:hut mlc t~nva·onmuntnJ 

adJU}>trnem of nntnuu1l tncosm .. • rmght plny m rhe pnhcy pn)t:l.'\t-.. .Spl1t:dk~ttUy. some 

set~mtnttly rca~nrwhle rt'M>WCI':' .,,c rule<:. of thumb ha\1:d on apprupnntcly ndtnsted 

JWtHHHtl mro1ne t~nl lla~H nmdHmn' ol t•cunonuc rliH.'tt:nt·y m n .. '.\otln.:e U1-.c. So whnt 

do ndJu~.;.rcd tnc:a~un:::-~ of lllt:mm.• \lCIU;tlly wll u,·• 

An t:xurntnattmt ol hgun: I <.<Ill hdp pmvtde an HHcqnt:tauorl of the "orthodox" 

rnca::-.ur,· ol HJCt uw:. hn em:h urut t·xtrm:led. tfwrc ~~ a net < rnargmut J nddnion of 

welfare w the t~cotHHny, g1v<.~r1 hy the pncc :t' r·ead <'ff the <kmand (:tn·vc lCfiJ-. tftL~ 

~hztdtl\V pn~c. At what<•veJ fuwl quantny *' extntt·tc·d m a gtvtm pc~nud. the mnrginnl 

<.:ontnhutton to wdfan.~ ,~.,then nml11phcd <WL~t· the muts extmrt~d. 

Tlu\ provu.te~ another tntt~rpn•t:tllnn nf the ob~t·rvatmn that ND1·• 1\ 7..l~ro over the 

cfflc:1ent path. 'fhc ~lnt.ldard mnrguwl n::n~ornng should make dear that one should 

cxu·uct m every penml unul the nmrg.uml t.•<mtnhutjon L<J ~tX~Hll welfnrc is lJ!f(). 

IJowt..~vcr. ;tt <JUm1Ultc\ bc.lo\v tht..• cfnc1cnt h.•v(~L the nmrgmal c<mtnl)uunn m f')()l>Jttvc. 

The problem J havtt tmthned above nnsch bccnosc:• we conventionally give t.his 

nmgnitude {NDr•> n. w1al mterpri~Wta:m, unr~lymg, hittnt~t 1s better. For marginnJ 

n)ene;ut.,:$. lcs~ 1s typa::tUy more, certmnly it ~~. tl'uc here until we gt~t to zJ:ro. 

()f cour~t:. tbr lhnsc who thlllk !hut wlum u cmncs w nnruml re~our·ces. slower i.s 
nlwnys hcucr. thts prnhnbly grvcs !hem more rettH<Jn dnm ever before f<) ttdwJCntc NRA 
ndjustnlefH~ lo nnunnnl nwtJntc. Cmls<,ttVutiV(! dcplcU<)fl can (mt~le:uHttgly) mise 

nomin:tlruukmnl W(':tthh utJd tnc<une. The ccmwmy·environnmw trnde.,off never Jook<~d 

so gm;ld. 

W Rt~bcu Sulvw on S(.>lnw l 99 I ) ~tltU!ttt\t~ tlHH ~WlJ1Iy kccpm~J Wh~J on hrtw rnHc.h of (~t·o!!'~) 1Wthm!1l 
mclunc cum~~'~ th:un.uon·tt:ntwnbt<.l res.mllc:e!j; 1$. \ll:IC'fuf If w!.'rbeht·v~ th111 I'Qifrvcsl.i.l)~rc.:~nurce rMls Is t• 
\JS(Jin!f l'll)c ul 'lh~~tnh f'OI' ~u~uunnbiHty. 
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\Vhnt it appcnrs we cmmot dot however hard we try~ is t<) ckwisc a fc)nn of income 

ndjustrncnt nlong tlK~ lines suggnstcd by the theory nnd the Htctaturc~ which smisfics 

welflu·(~ c<msistcncy (i.e. rcn(ljusts th~ c<linpass to point •1truc North"). Nor dous it 

~<;~em we can take ti.mc scric~ figures of adjusted income and draw cotwincing 

conclusimt~ nbmn unything tn do with the '\ustainabiliti' of' growth ()r the real growth 

m stnndurd of hvmg or pn1duc1ivc capacity, 

7. Concluding Comnwnts 

'f'hc abovn rl~Mtlt~ !-!how thnl a 'ingk tndcx number c~mslnlctt::~.l using uppropri:ltc 

accountmg pnu:t~durc~ and al'Cill iHC shmhm· pnct.·~ provides neither n measure of socinl 

welfare or ol ~ustanwhle tncnntc tn the cmttcxt of an cconmny with mllur:ll cnpitnl. This 

nu!)t~s trnpnrtntll qttcl\IJon:-. rcg:m.hng wlwt th~~ ndJUsllllt~tH of our national accounting 

procedure!'! 1~ tlllcmkd, .,or expected In accomplish. This i~ not 10 deny that there 

may he a case for umlcrtakmg Nf\A,adjt . .tstmcnt~ then~ seems to be n view in some 
quancrs that cxt'\ting natt(')mll ;t~.count~ prnct.icc~ arc sufficiently incomplete thm 

:mytlung that could he done to 111lf.:Hlvc thcnt \Vm.tld be of benefit. 

On the fnc<-~ of it. thi:-.. i~ nm an unrcnsormhlc vtew. Better numbers arc better than 

worse numbers. But they ruay ju\1 be bctl\~1' had numh<~rs. The key questions arc, 

what nrc they nmmuto help us achieve"'' and how? And arc there better areas in which 

to direct our efforts to ad1icvc thnsc cmb'! 

I would sununanzc the moml of the shll'Y ns frtUows. 

I. There needs to he nn cxplk!t di:-;cussion uht)llt what l'ole national income ligures 

nrc expected 1.0 play U!) ,,olicy input.s before we cvc.n talk nbout what numbers 

arc ()(!fler or worse, or how to mnkc thcrn better or worse. 

2. Instcnd of improving mcnsurcs of a :-tingle number, cconmnists shO\lld-nt least 

as an advice-giving profcssicm-start udvocttting the itfc<l that single number 

mt~al)ures may bt: ~,, inherently misleading that sensible J)Qiicy recommendations 

should he bused on the rclcvnnt disuggrc.gatcd numbers rMher than aggtt•gatcs of 

dubious valuable. 

In relntion to p()int {2); I think nw nny given natural r·esourcc it is fair to :my (and 
nothing I have ~trgucd contradicts thi:;) that what matters whnn we :uu worded ttb<lut 

sustainHbility ntHVor welfare is tim physical stock of the resource. und (our best estimate 
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on its ~h:idO\V tWlt'C \Vhm I httVI/ Mltu<td ts that. !iUdant~ lhnt infonnntlon .jn(() n l:wgt~l' 

HHlt~X mtmht'r nnd cnllHll~; lt Nl/P i), · m nmJ of nsclf nol n ~r>lutum. '~Hhet in pm!2tice 

or cnllt't'pUmUy. to nny nr•patt'clll pnht)' prnhlc~m thnl l t,:nn think nJ 

( )nc urp,urncnt for undtm.;tkmg tht~ Nl\A pr<}<:~~~ ts. thm lh,• <~ff<Jrl nf 1~nthcrtng dmn on 

'1\\nck\, nnd Ull.cmfltlilft tn valut• tht~m t\,. to the< t~X;h!mt W(" (~nn d<) 1t sc:msthly infbrnt:utun 

1t wtll rtt~m~ndly ht• worth knnwm~ (rn lin~ extent thnl wt: kmm~ \VC .: ~lTHlOl dt1 it 

"<Nt~tb.ty. \ve w1H h<i' cnnlrnntt~d wnh ~t·t nrtntht~r ··n.u:."!l!oi.U.te of m.1J tgnomnt:t~··. mnl ir Js 

abu1 pt·nhahly a U'lt"'hll thtn~l. to know \~Jhat Wt' don't know. as. Inn!~ n~ we Hi'<~ lmncs.t 

abm.Jt It l UtH. H:t n,•\t.Ue th<~ flOIUL a '' Hw UI\Uf~.~n~nab:d daHl. nul tiH~ nttft•·cg.ttl(;~ uld<~X il 

ll!i!. Jc~d mtn. that , . ..,. \\to.rth p~:1y1n~ nfwnt.mn to 

In lu~ crH:t.:n1 (\V(,~tvlc\.\r nltlu"' all' H. ( 'nmrnnn t J tJ•.Jth tlmt:hHI<•\ Ill\ <.ltst'UR!-!Ulll with the 

futtuvdnf! rmnm(~nt,, '"'hn h r h·d ., 'uth~.Jt•nth· •:n1.upnhhft~ wdh the art~mncm.s nbnvc 

thm J t:nn U\.l' tt tn nHK ludr ht•rt• 

'
4(nhti' \WW apJx·ur" to lw tht•l dw m•xt ,tc;•p nl a1~tt,n:;•gut1nn t'lhrmld 

l">e wnhm the t;:\h.~nth:d Muda•t VnhJaUon upprrtarh f diM~IP'<W. I 
thmk thnt the n~xt "''~P .,houhl he work on tht• ~:tHJ1dructmn of 
1nmlt~h lnt poht'\' nJlttly\t~ whlt h U\t~ tlw ptl)HHC~tl dat~• bct:otUitl!l 
uvmlahle" A vancty of modt:hng ~~pprm,tdw~ would lX! w·nl'th 
fnllr)wtng An opltttHJ.HUOI) dn vl'·n nppmarh wnuld haw~ I he 
pntt~m.tal to ltt~ncudt.J ~hnthw.t pn~.~e" for t\ltgrntiUtwn nnd 
m:l:ntmtmg. and tn JR~rmll uf tlw anul~\1, of poll~}' tnule .off!\. lt 
nughl thr.m he po~"'1hk· to hc!.S,r,Ul tn. ul(•nttfy HliC r<.~lnt.rvc srun:tliC·~ 
J do nut. ltnw<~vcr., wi\ft w afgut• for futtov.nnt~ a ~mglt! apptl>Od\ 
to the cxdu;..ron nf nthct'"i. Tht~ prnhlcnl~ mvnJvcd nn~ c•m1plc~ 
und ~errnu~ and pnlwy devc~lnprmmt wtiJ no dnuht Jx:mct1t from n 
vnnl"ty ol' rncthodo1ogl<~' hCHlJl twnught to \)<~nr rm thi!nl" 
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Violntions nf \Vcll'nr·(~ ConsisU.HH!Y 

whtch ~nlvc\ for lht:· qwmhty q, ·."!' • 
1'~ Utvt~n n r1e:gnuvc, monotnn1t~ tclutJon~hip 
!'t 

hctwc'm p nnd q. nnd mvnnl.Uh:t' nl dcmmnd f('f tlm rcsnun . .:t', tht~.n q, W1ll be p(>slrive; 

nnd 11 w~ ill-lsmncd l th('rc un.• no d,~~,.·nv~:nc' ()I nc.~w n:soun:e stock~ then q1 wtJl be 

con~tunt for all t ·nuh I\ \UffH.'te;•nt to vtnlatc· Hot(;~lling .. cff1clt.•ncy which mquircs n 

n~mg mnrkt·l pncc, and dt~dHllllp. t:xtnu:lton. oV<"I' Hm<' QEll 

which solves for q, = PL .. ,Pt. (f'his ll\ done for the cnsc in which the shudow tWice is 
p, 

del1n(td n~ m the hcgmmng of the pcnt'ulf und thus is not affected by curn:mt period 

ext ruction.) \Vith the ~nmc HssmnptinnR as utmvc~ it is thu cnsc tlnu if p1 <. f/1, then 

q1 > 0. Por the shndow price to be less than the murkct prit::c, Ill~ nmonnt {)Xh'(totcd 

must bo less than the a.fJ1clcnt mnnunL ~rhis vioJut<:s ~he Hot.clJing ct>n<Htion thut 

p, ::;;: fit• 

f:~'or cnd .. ot:.pcriQ(J shutk>w prices (that is~ p1 = f11(q,)), qunnrit.y solves for 

q, .::::: 14-Pt· Sit1co pJ > 0, it nwst ngain be the caso thm for· rJ, > 0, IJi <Pt. ul.dst 
l't - Pt 

hold, and the l~lotcUing rule ls ngtlirl violated •. Q.81). 

' .... 



A very ~ketchy dcrnn11~tmtion of \Vt.•lfurc·mcon~istency is ns follows. The first order 

L\mdit1on in lhts ~~as,c rcduc..:c~ to: 

which can be thought of n"' n .. mnr~mal revenue = marginal slmdow cost'' condition. 

By conu·nst. the FOC nf l:hc Holclhng pmhlcm ~imply cqumcs shndow/nctunl prices in 

ouch period. in prescm vul.uc terms. 

(A fuU worked example in w•hich a spccH1c contrndtction of welfnrc .. consistcncy is 

demonstrated for this vcrsl()ll of mcomc i~ avnilahle fr·om the author upon rcques( .• ) 

NDP (Net Pnet' deprt'ciation) i.' nor wl'ljare·consixtent: 

It should be appurcm thnt the Net Price method \Vould result in NOP of dcfinitinnaUy 

zero, regardless of extraction. This tncthnd docs not so mttch violate welfurc .. 
consistency us provide !lbsormcly no useful infonnation whatever. 

NDP (Prescmt Value dcwredation) is not welfare~consi~Wcmt: 

To think about maximising income in this case~ rewrite it1come by dcf1ning a valtlc 
function for the resource stock. V(Q). wbjch measures the present value of the stock 
extant at a given time, so that in period zero, ns depletion is about to begin~ 



i.e. income is writtc.n ns: 

\Vcll'nrc:H.;onsistctK~Y invites t.ts to n.~gnrd this expression as an objective function. such 
that the vnluc function bcc()mcs: 

Using Bclh111tn's l'lrinciplc of OptitnnUty the FOC for this expression i~: 

Tht~ mtcrpretntion of the first~,m.lcr condttwn i~ thnt the socutl planner should deplete 

such that the mnrgtnal pmflt from c.xtnlt~ti()ll in a period 1s ju.~t equal to the change in 

present value .;>f lhc rcmnining stock. Thih is because at the optimum. an incrcnsc in 

profit todny wHl just he offset by an equal decline in the present value uf the uncxploitcd 

stock. 

Uut. whnt should be clear i~ thttt this prohkm is simply a decomposition of the mmc 

gcncrnl one of choosing a depletion plan to maximise (3). and t.hat is the objective 
function which would face n pmfit-maxirnising monopolist! In other words, the 
incentives provided to a resource nmnngl\f wh() uses the impnct of cxtrncti<)Jl on the 

nntkmal nccoums ns n guide to how to use the resourcL't, suggest tlHlt the best thing to dQ 

is behave ns a monopolist would. rmhcr than as a c<1mpc.tltivc firm would. 

In IU Scrnfy's formulmion, the J'clcvnnt compt.Hation is: 

ODI~ = p1q,- user• cost 

The user cost component is cnlculmcd by dividing receipts R into income X nnd user 
cost (R-X), such that if' 0~-X) wus reinvested ttnnually at tho prc.waiHng rate of interest, 

h would cam X in perpetuity. (Sec El Scrnfy 1989 for a detailed dcriv:ttiOJh) Without 
performing .uny on leu lations, it is eusy to cslnblish that the same gcncnd incentives that 



applied in the previous section nlso apply here. As 131 Scra('y points out regnrdiog his 

ncconnt.ing methodology: 

.. A counJry thnt liquidates its mincrnt reserves ovct• nfry years 
needs to set nsidc f(ll' reinvestment n smaller pmtion of its tcceipts 
than tHl<lthcr that liquidates its r~(~se.tvcs over twenty years, and 
thus it can cmn1t n lnrgor portion of its receipts as lnconw,, (EI 
Sernfy 1989, pl4. (~mphnsis in nnginal.) 

Sot as bcfurc. ~lower depletion tends to he reworded in the natiom~l nccounts; here ~he 

rcwnrd <:lccurs through slower d<:~plctinn increasing the proportion of mccipts being 

rncn~urcd n~ im.xm1c. Agam there wil.l be n lradc,.otT ~incc excessively slow depletion 

will reduce nllM'lltlte rt•ceipt~ so much that huvmg n higher propor1ion designated ns 

income will no longer cornpcn1-,nlt'!. This pmnt '"' unlikely to occur nt JavcJs of cmcJcnt 

dcplctmn n~ chn.nlclerh.cd hy Hntelltng. 



NDP>O 

Income--We 

NDP<O 

'fhe orthodox measure of net incnmc l(>()k~ sonH~thing Jikc 
t.hc higher of the two curves. A hyputhoticnl wclf'nrc .. consistont 

mcnsurc is shown 111 the lower one. 



l\11£ASlJRIN<1 Nl~T I N<~()l\1]£ 

p 

q 

FIGURU 2 

A simple diugmnunmlc denHmRtr(,tJon Qf wclf'nro incnn!iistcncy in 
n r~smlrC<J-•dcpcndent economy. Thu shmJod m·cn rcpr~scnts pm:;iUva net tncamc 

from inofficiont (too .UuJc) cxtmcti()n, 




