s . Esternalities and Growth *

‘Bruce ﬁg_Owen

Ina reé@nt pa pﬂr in fhis R@VI&WQ Ayres and Kne@we [1]
make a fundaman&ally importanu cont?ibutien to ecanam&c ﬁheory
It is th@ puwpnsb of ‘this not@ to noxnt oat savwr&l iﬁpllﬂagloﬁs |
of theilyr an&lysls-wuich L Lhink_dagérv&“parbicular amphasise B |
. Ayrew amd'Knemq- .ékﬁgfamang others, the folie@iﬁg,points:
1 B@C&L@@ of the physxc&l laws governing-Ph@.éomsarVatibﬂiﬁ
of matter and snergy, the amount of ”w&ste" given eff by Tl
ec@nomie actlvity_mugt equal the phy xeal qmant;ty of prima:y
inputs,  (2) Final "écnsumption" is a flow of-servicms from
- the traﬁformétion'of materialsg'and is not the physical dismr

- appearance of materials. (3) The phyeLcal ourput of eccnomic

.aétivityg net of inventoxry accumulatlon, is waste and mugﬁ-reentex

the environmentof But the environment itself is both a cons umptlon
_ good and a source of prlmary inputs, Dlsposal of wasgte into

:tne anvxronment thus affects the relative scarcities of varioué.
goods,-and hence their impllcit prices, .(4) Since“theae effects_
do not in gengral hmVE explicit prlces9 they are exte;nallties'
-they are not ﬁCCOUﬁtbd for by the private market.w As a resultp
the price syastem: does not lead to & Pareto efflcient allocation

of. goods and gervices. (5) The extent of the di¢t0rulon of

* Thé author 1s indebted to Professor Paul David, Professor
‘Ronald McKinnon, and Mr., Frank Mathewson for commﬁnts on an :
earlier draft, but retains responsibility for remaining errors.
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'éllacativa eff1c1ency from this ‘source ig growLnb, both bec&usa
ﬂth@ eff@chs of haste dlsposal are cumulatjveg &n& because the |
flow of wast@ i nmcaasarily proportional ty the flow of
economic Oﬁtpuug which is increasxng in & growing eCONoOY, -
_ Although Ayres-aﬂd Knme@e sp%akwof-tha'“wast@ assi&ilaﬁiV®
cap&ciry” of thb cnvironm@“ta I think thim is sllghtly misl@adiﬂg@
Th@ traﬁformatian of pramnr? inputs (minerals, sci,ls alx, sunlight,.
etcgs) into wast@ must nec@ssarLly a@ggg the environm@nte No ;_'
‘doubu somm of tha xastq has- Lha same form as the orlgiﬁa] inputs,
but in g@geral this can not- be the case, Th@ industrial econamic'
system of mankind is llk@ a cancer in wmrld emo10ﬁye_ Itfgrows-‘.
- Pout of econtrolt of tho ecolo¢y 1tsnl

Tha extent of the allocative distortion and cost caused by
the extern&lity cff@c? of waste grows in time in Lhreb wﬂyse Two
of th@se ways are are aumﬁariaed in point (5) above 5]th@ thxrd
is- illuatrated in Lhe followimﬂ model and’ derives from the
public good. ﬂspect of external effectsa' _

Suppo e that Y is aggregate output (in the economic scnse)
and that n is: pcpul&tion0 Then if b is pur capita incom@ or
output, -
 (1) Ty = yn,

The flow of waste- is equal to the flow of output9 in
phy51cal '(:eezarms.c 1f o is a dimensionality cons tant, then ‘the
phy51cal flow of waste externallty is: |
(2) E = eyn,

The axternal _effect of a flow of waste into the env1ron«

meﬁt is usually a53061ated w1th a deneity effecto That is,ﬂthe_




i
3
b
H

in which*th@ costjof the external effects may increase, Suppos@
‘that the waste accumulatlon ie an eeonomﬁc bad detr&ctiﬁa from_ :
- the utility of the-envinonm@nt_as_a consumption gogd-&nd-a
—proﬁuceré%=good;. Let the cosf 0f waste density in the envirémé

. ment be $d per person. per unit densxtyﬁ (That is, every person

3suffers equdlly from the externallty and on average each person

'cowt ef th@ @hteﬁn&llty is pr0portional to the cumulative

~

density of wﬂsﬁes This is illuatrated by DDT, Other ‘waste

-'flows may be partly ”abgimiTated", aﬁ when carbcn dioxnide is

absorbead by plantse But in: this case therm may s»ill b& a net

excess. flow which accumulatesg' if tne envmronment is treated

ag a flxed stock W¢th respact to the net flow (Uaaqsimilated3

'_o; wa tes th@ﬂ the dﬂnsjty is

(3)-_ - b= D(mgmt);

where t is time, . Fvew though Y rem&inq const&nbs accumulat§0ﬂ

'resulta in increading density throunh txmeo Equat%on (3)3 in

Whlch iy im:‘ monotonic incr@asxng fumction of "'Ynj and t

'thus iiiustratmvfthe two ways in which extérmalitias.imewaas%

in Aywes and Kn@eqa s forma ilation, But th@re is a thixd:wﬁy”

would be W1ll*ng to pay 54 - to get rld of one unit of waste
dQHSlLY¢) Lettlng d be a constant is COﬁaerv&tlve’ 1t-seems,_
more likely that d is. an 1ncrea31ng function of D

The to;al social cost of the ex ternality ig then
4y "-'C_z nd. D(eynt),

ignorlng indlrect allocatlve costs, lf pOpulation l& growing,

then the soc1al cost of the EAt&rnalltY grows_faster. The



3publie:goad nature of the ext@rﬁality'm@ans that th@reiafeJ
economies of scale of - suffering with respeCt to popuiatiomo
Td'illustrate this S suppﬁaa that the fﬂllowiﬁg eyplicit

equ&Llons descrlbe uhm sy%tem.

S o) = g
T | bt
D : Y(L) RCI

Then total direct spsial'cost_at time ¢ is
o o ' o (2 + bt
- {8) - Cle) = degn y.e e

In other. wordsg 1f p@pulatxcn grows at the rate r and

percapi?u income- grows at the rate b, then the sociaL cost of

economlc'wmste grows at a rgte-Ln excgss_of (Ar‘+ bl Si111arly9

extérnality-costup@r;capita, cg_growg_fastervthan the rate of
growth of per- caplta income:

. “{r 4+ bt
{9) ¢ =dgt Yo e . .

If the physical units are cémmensur&ble'we cah write

the proporticn of externality lossés“in pqtallproductiqn:-
) ort |
(10} ., P=gte .

Externality'cost-thus not only grows over time, but it

'grows faster than tﬁe economy.giving rise to it, 'ln'additicn'

_to the direct cost of the externallty, there is an economic

. _loss from the resuBting dlstortxon of the prlce aystem if the
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-exteznallti@s are unp&lc@d Presumabiy “hig alloeatiopal

’ disruﬂtion is proportional to the importaﬁmc of tha @xternalit;@s

.

in total producte Since it is w;ll»xmown that the p?lv&t@

market can not deal cffectxv9ly with ¢ hjs p?oblcn, thﬂ ggawiug

- cost of waste ex t@rnalities im & growing econemy implles an-

increasing ne@d for (cost of ﬁot having) cbntz&li ed dscigibn»
m&kinc, ® _
| Thisz is an intcxestxng parad@x@ A private markest syaﬁﬁm ‘

which is sueceﬁaful, in the B@naa that it generatev growbh in-

is..ﬂ

p@rcaplta income and- im p@p_ cng b@e@mes inc$easingly;

¥

_ obgol@t@e fhe pore it grows,y the aoftlie if b@cem@s to nminxaing

AL EOmE po%nt the enormous cav1ng@ in information eouts which
it promld B afL-QEtUTOWﬂ bv itg @xbarﬂal coatse
To put thﬂ probleﬁ in a sllghtly d&ffereﬂb b&tﬁpﬂQt1V£s

it is often alleged that @6onomias of weale are an 1mport&nt

.aource of economic growth, The Ayres and Knees& analysis

- suggests That there are increaszngly importamt diseconomiea’

of scale from-lar @ industrial economies Presumably the
g

-net scale effects are a decreaqing function of the size of an

ecanomya ln tha eagly stages the private marﬂet mechanxsm
works wbll (except for social overhasgd investmants), but as the

economy progresses centralized éecxdlonwmﬁking becomaf in-

.-

.creas;ngly preferﬂbies

There is another way 1n wnlch centralized dbcisimam_
making beeomus of inckea31ng lmportance in a growing economjg

and that is. through public goods themselves,- Publlc goods .

and extervalities have much in common' for instanca their

.optlmallty condltions are identlca] [2] As with exte nallties,
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‘the private market fails when there are public goeég [3]

Publier goods can not be provided by comnmtitiV@ private firmdo

Since the margznal cost per person of a public good (at a givvm_“

level of qual:ty or intensity) is éero, the prica per. p@rgcnf:
would be drlven to zero by competitiono. Thera are economies
.Gf seale with rebpect to persons in the p&ovision of publ*c
_goodse In an. ecenemy with p@pa;atiuﬂ growth thie may imply
that puolﬁe oo@ds asgume an increasinvly important role in the -
-optimal Qﬁngu@ptimnbumd?eo Thig. in turn means an iner@aging
necd for centralized d@CialGﬁmmﬁklﬂca‘ | '

 These statements can be 11Lustrated by a simpl@ twam

good economy, Leu

n(t)-%'neert ' bé ﬁopuléﬁicn at time ¢,

x(e) be'per_capiﬁa_outpﬁt of a private good ,

G(t) be per capita and totai outputzofha puﬁlic gooﬁg:'
a1 ' | | | x
We=XG be a social welfare function of the Gobb-'

“Douglas form, and

{ nX +:G} be a: transformatlon functlon with one input
. . (labor) and two ouputs, nX and G.-

The Eransformétion_function has diminishing returng if

-6 is greater than unit‘yg If the social welfara is max1mlzed with 

respect to per caplta ouuput of. each good ‘then th& opulmal

- time path of consumptlon of each- good is glven by

#

T oife 1/6 - 1
| X(t)f Xa (n &F _/' -

T 0 o |
| | 18 rt 1/e

(1L = x) a (ne ) .

-

| G{t)




-ﬁéf omiy'does thé ratio G/ﬁ ihcraase ﬁvér-tim@.aﬁ the

rate rg bat per Cuéit& consumptlon of the private good actually
d@Cllnhuo Thiw of course iz due to-a-substituulon offect in
favcr of the prlic gooa as it@ cost - d8011ne%, p@r cap¢ﬁa9 with
_ populatton growtha ' The model i overmsimplified and. ektx@@a,
in thﬁt'no account is nad@ of an incnma eff@at whieﬁ may we l;r
'ope:at@_in_tha ﬁppﬁﬁlt@ direetxeno But th@ p@imtlis lllustratgdé

It is the pub?ie go@d aspect of wust@ e nality maich
.L@d to tn@ same 86rt of comcluaism-aboveé: H@f@ pop l@tvgu
growth, at cmnstant lévels of égr capi?a 1nc@mes is suffici@nt
to. giva rlse to these substitut1on effects, just &g poyulacion -
growah aleﬁ@ wag & cause of incrcasing €x ?ernaliﬁy cost-for
& ng&m.Leval 6x.§ast@ démsitya | |

‘Both of theaa phenomena have implicat%cn« for digrributioma _
V_Tha"ccmmonallty“ avpﬂets of externsl effects and publ%c goodg - |
imp@y;that-consumers.lnereasingly fage the gama or a similér'-'
array of éost-amd consumption pﬁésibilitiesg whatevéf ‘their
initial'endowm@ntsa Actually, it may be. better to view ig
as a situation in Wthh lnitl&l endovments are muﬂh’the SAMS,

EfforLs by indivxdu&l conaumers to compensat@ for externality

costs by lncr@asing consumntlon glve rise to negative &ggragatlcn.‘

'”‘effects,_increaslng the externalitiese

Flnally9 it is an 1nterestlng question worthy of further
study, whether technology and 1nnovatlonarmeb1ased in favor
of public goods and aLtiVLLIES hav1ng externalities. The remm.
search@s of governmontwsupported study groups might ﬁ@ll be

'biased in favor of public solutians if ‘not public goodsa' A bLas




.iﬁﬁﬁriygtéidéciaianas ineluding_inhovativejdecisiémé,'ih févdrl
éf exte;ngfitf«ﬁroducing activities ia-éertainly net_hamparééf
by the fact thaﬁ'the§e7éxternalitiés are'unpriced when dis%
economiés are invblv&dbz The opposite is beingiyfthg:c&SBJ
with exterhal eeongmi@s; Sone exampl@s.déﬁqomé to:miééa The
teéhnology.of'éérfafé & hundred yeérs &éolwaé £ét p@ﬁhé§s sé :
neatly illust;ati#@'of a pubiié'gOQd&ﬂs iévis t0dgy§_ Electrbmic
'mass m£dia and:th@ &utgmgﬁil@ (wiﬁh_itsAéompL@Q@ﬁts) are 0@h@§ _
_gx&mplés af fair}y r@ceﬁg"8badg-witﬁ.impertanﬁ’aép@aﬁé-of.' 
.'publicnéss éh&-axterﬁalit*g_ And th@ée'ph@nﬂm@ngiar@_quite- 
aside from the Ayres andKneesé;waate.exxarnglities_which- 

are of the most fundamental importance. - o
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