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Ener gy- Capi t al Subst i t ut i on :
A Gener al Equi l i br i um
Anal ysi s
Gr aci el a Chi chi l ni sky and Geof r ey Heal

We consi der an economy whi ch i mpor t s ener gy f r om a monopol i st i c pr i ce- set t er . The

domest i c gener al equi l i br i umof t hi s economy adj ust s i n r esponse t o t he pr i ce of ener gy . We
def i ne t he t ot al cr oss pr i ce el ast i ci t y of demand bet ween ener gy and capi t al as t he cr oss
pr i ce el ast i ci t y acr oss gener al equi l i br i a of t he economy, as t he equi l i br i um changes i n

r esponse t o ener gy pr i ce changes . Thi s cor r esponds t o t he pr i ce el ast i ci t y gi ven by a t ot al

demand cur ve, and i ncor por at es adj ust ment s on bot h suppl y and demand si des . I t i s shown

t hat whet her t hi s t ot al el ast i ci t y i mpl i es ener gy- capi t al compl ement ar i t y or subst i t ut abi l i t y

depends upon t he par amet er s of t he model and t he pr i ce of ener gy : f or a gi ven model , t her e

may be a change f r om subst i t ut abi l i t y t o compl ement ar i r y as t he pr i ce of ener gy r i ses . Thi s

f r amewor k of f er s an addi t i onal way of r econci l i ng appar ent l y conf l i ct i ng f i ndi ngs on

ener gy- capi t al compl ement ar i t y and subst i t ut abi l i t y : an ear l i er suggest i on was made by

Ber ndt and Wood ( 1979) . I t i s a nat ur al ext ensi on of t he gener al equi l i br i um appr oach

i ni t i at ed by Hogan ( 1977) .

I nt r oduct i on

The quest i on of whet her capi t al and ener gy ar e compl ement s or subst i t ut es i s one t hat has
at t r act ed a gr eat deal of at t ent i on i n t he l ast decade. For a wor l d wi t h onl y a f i ni t e st ock of
l ow- cost ener gy, i t s i mpor t ance i s obvi ous . The l ong- r un gr owt h pot ent i al of t he economy

depends cr uci al l y on t he magni t ude of t he capi t al - ener gy subst i t ut i on el ast i ci t y ( see Dasgupt a

and Heal ( 1979) , Chapt er 6) ; consequent l y a var i et y of pol i cy measur es al so hi nge upon

t hi s .

Unf or t unat el y, t he quest i on, ' Ar e capi t al and ener gy compl ement s or subst i t ut es?' i s not

an easy one t o answer . I ndeed, t he di f f i cul t y i s compounded . as we shal l show bel ow, by

t he f act t hat t her e ar e at l east t hr ee di f f er ent ways of posi ng i t . Ther e have been some

at t empt s t o see whet her basi c sci ent i f i c and engi neer i ng pr i nci pl es can t hr ow l i ght on t he

i ssue : Ber r y, Heal and Sal amon ( 1978) i nvest i gat e t he i mpl i cat i ons of t her modynami c



par amet er s of t he pr oduct i on f unct i ons, but al so on par amet er s of t he demand si de and on
t he pr i ce of ener gy .

Thi s l eads t o a f r amewor k wi t hi n whi ch one may obt ai n di f f er i ng economet r i c r esul t s

about t he compl ement ar i t y of subst i t ut abi l i t y of ener gy and capi t al . even i f al l economi es

have i dent i cal pr oduct i on t echnol ogi es . These var i at i ons may ar i se f r om di f f er ences i n t he

pr i ce of ener gy ( Eur opeans may f ace hi gher ener gy pr i ces t han Amer i cans) , or f r om di f f er -

ences i n demand condi t i ons ( Eur opeans may be mor e wi l l i ng t o shi f t out of ener gy-

i nt ensi ve consumpt i on pat t er ns) . Of cour se, as i n t he ear l i er appr oaches . di f f er ences i n

t echnol ogi es coul d st i l l cause i nt er nat i onal var i at i ons i n t he economet r i c f i ndi ngs . How-

ever , t he f act t hat vi r t ual l y i dent i cal t echnol ogi es ar e avai l abl e i n most OECD count r i es

makes t hi s expl anat i on l ess appeal i ng t han t he al t er nat i ves si nce demand condi t i ons and

pr i ce r egi mes cl ear l y do var y acr oss count r i es .

Li ke t he wor ks ci t ed above, we consi der an economy whi ch i s a pr i ce- t aker i n t he

i nt er nat i onal ener gy mar ket and i nvest i gat e how i t s gener al equi l i br i um changes wi t h

var i at i ons i n t he pr i ce of ener gy . I f t he pr i ce of ener gy changes f r om po t oQt he gener al

equi l i br i um wi l l al t er and, wi t h i t . t he amount of capi t al used . We def i ne t he t ot al cr oss

pr i ce el ast i ci t y as t he r at i o of t he pr opor t i onal r esponse of capi t al used t o t he pr opor t i onal

change i n t he ener gy pr i ce acr oss t he gener al equi l i br i a.

Our met hod coul d i n pr i nci pl e be used wi t h any gener al equi l i br i um speci f i cat i on of an

ener gy- usi ng economy, t hough i n t he f ol l owi ng sect i ons we shal l adopt a si mpl e t wo- sect or

t hr ee- good gener al equi l i br i um model devel oped by Chi chi l ni sky ( 1981) f or st udyi ng t he

i mpact of oi l pr i ce changes on an oi l - usi ng economy. The model i s compl ex enough t o

i l l ust r at e t he concept of t ot al el ast i ci t y and i t s dependence upon par amet er and pr i ce

r egi mes, yet st i l l s i mpl e enough t o be t r act abl e . Thi s model i s pr esent ed i n t he next sect i on,

wher e we al so use i t t o anal yse t he var i at i on of capi t al demanded wi t h ener gy pr i ces acr oss

equi l i br i a. est abl i shi ng t hat subst i t ut i on char act er i st i cs var y wi t h t he pr i ce of ener gy .

I nt ui t i vel y, t hi s i s di f f er ent f r om st udyi ng t he gr oss el ast i ci t y as def i ned by Ber ndt and

Wood ( 1979) mai nl y because i t t akes account of t he i mpact of changes i n t he r el at i ve pr i ces

of goods on t he composi t i on of demand . I t coul d be t he case, f or exampl e, t hat capi t al and

ener gy ar e used i n f i xed pr opor t i ons i n al l i ndust r i es. s o t hat at t he mi cr o l evel t her e i s no

possi bi l i t y of subst i t ut i ng capi t al f or ener gy . However . when t he pr i ce of ener gy r i ses, t he

r el at i ve pr i ces of ener gy- i nt ensi ve goods i ncr ease, and consumer demand shi f t s f r om t hese

t o goods usi ng ener gy and capi t al i n a l ower r at i o . Consequent l y capi t al - i nt ensi ve i ndus-

t r i es expand, ener gy- i nt ensi ve i ndust r i es cont r act , and over al l mor e capi t al and l ess ener gy

ar e empl oyed . Subst i t ut i on has occur r ed t hr ough demand shi f t s as a r esul t of r el at i ve pr i ce

changes . Thi s i s at l east r emi ni scent of t he ar gument . or i gi nal l y due t o Hout haker ( 1955) ,

t hat even t hough ever y f i r m i n an economy has a f i xed pr opor t i ons pr oduct i on f unct i on, t he

economy as a whol e may behave as i f i t had a Cobb- Dougl as pr oduct i on f unct i on . I t i s al so

a gener al i zat i on of t he anal ysi s of Aker l of and Bur mei st er ( 1970) of subst i t ut i on i n a

gener al equi l i br i um f r amewor k . Thi s i s a phenomenon whi ch a one- sect or model cl ear l y

cannot capt ur e, yet whi ch may be i mpor t ant at t he aggr egat e l evel .
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The Model

The model we shal l use t o i l l ust r at e our concept of t ot al el ast i ci t y and i t s dependence on
pr i ce and par amet er r egi mes i s t hat devel oped by Chi chi l ni sky ( 1981) . I t i s a t wo- sect or
model wi t h t hr ee pr oduct i ve f act or s : capi t al , l abour and oi l . Wi t hi n each sect or , pr oduct i on
f unct i ons di spl ay f i xed i nput pr opor t i ons, so t hat no subst i t ut i on i s possi bl e . However , t he
t wo sect or s di f f er i n t hei r f act or i nt ensi t i es, so t hat changes i n r el at i ve f act or pr i ces l ead t o
changes i n r el at i ve goods pr i ces and hence t o subst i t ut i on on t he demand si de . Thi s i n t ur n
l eads t o changes i n t he pr opor t i ons i n whi ch t he var i ous f act or s ar e empl oyed at t he
aggr egat e l evel . We shal l char act er i ze t he equi l i br i a of t he model and t hen st udy how
equi l i br i um f act or usage changes i n r esponse t o changes i n f act or pr i ces .

The economy has t wo sect or s and pr oduces a consumpt i on good and an i ndust r i al good
denot ed B and 1 r espect i vel y . Ther e ar e t hr ee i nput s : l abour ( L) , capi t al ( K) and oi l ( t 9) . Oi l
i s not pr oduced domest i cal l y, so t he economy t akes t he pr i ce of oi l po as gi ven by t he
monopol i st i c oi l expor t er . I n or der t o si mpl i f y t he anal ysi s, t he pr oduct i on f unct i ons of t hi s
count r y ar e assumed t o be of t he f i xed pr opor t i on t ype

wher e LB, 04 and KB denot e i nput s of l abour , oi l and capi t al i nt o t he pr oduct i on of t he
consumpt i on good, and a, , b, and c, ar e t he t echni cal f act or - out put coef f i ci ent s . Si mi l ar l y,
t he pr oduct i on f unct i on f or t he i ndust r i al good i s

B= mi n( LB/ a, , t 9 B l b, , KB l c i )

	

( 1)

wher e wdenot es wages, po denot es t he pr i ce of oi l , r t he quasi r ent of capi t al , p, t he pr i ce of
t he i ndust r i al good, and pB t he pr i ce of t he consumpt i on good. p, r i s t hen t he user ' s cost of
capi t al 2 whi ch ent er s as a cost . Al t hough t he t wo pr oduct i on f unct i ons show f i xed pr opor -
t i ons i n t he use of f act or s, t hey ar e assumed bel ow t o have ver y di f f er ent oi l - out put

coef f i ci ent s . We assume t hat f act or suppl i es ar e sensi t i ve t o pr i ces . I f t he pr i ce of t he
consumpt i on good i s t he uni t of measur ement , t hen l abour suppl y i s r esponsi ve t o r eal
wages :

L=a
r zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� , 1
I

I PBJ

and avai l abl e capi t al i s a f unct i on of t he r at e of pr of i t ) r , i . e.

/ = mi n( L! / a, , t 91/ b~, K' / c2) . ( 2)

The associ ao* Ycompet i t i ve pr i ce equat i ons ar e t hen
- , _,

ps =a, w+b, pa +c, r p, and ( 3)

Pi = a2w+ bZPO +CZr P1 ( 4)



Next we f or mul at e t he demand behavi our , post ul at i ng t hat at equi l i br i um t he val ue of
consumpt i on B equal s wage i ncome :

The mar ket equi l i br i um condi t i ons ar e

PBBD = wL .

K=c, Bs +c 213 ( i . e . Ks =KD)

	

( ga)

L= at B
S

+a2 I s ( i . e. LS = 2)

	

( gb)

BD
=Bs

I D+X=
1/

PI X =Pot 9

wher e Xdenot es expor t s of I and t he super scr i pt s Dand S i ndi cat e domest i c demand and
suppl y r espect i vel y . The l ast equat i on i s a bal ance of payment s condi t i on .

At equi l i br i um, t he nat i onal i ncome i dent i t y ( nat i onal demand equal s nat i onal i ncome)
f or t hi s model i s

PBBD + Pt I D = wL + r p, K.

( gc)

( Sd)

( Se)

To summar i ze, t he model ' s exogenous var i abl es ar e t he t echni cal coef f i ci ent s ( a, , a, b, .
b : , c, , c~j t he par amet er s or and Qdenot i ng t he r esponses of domest i c f act or suppl i es t o
pr i ces . and t he pr i ce of oi l , po . The model can be f or mal i zed as a gener al equi l i br i um
syst em gi ven by el even equat i ons i n t wel ve endogenous var i abl es . The equat i ons ar e : ( 1) ,
( 2) , ( 5) , ( 6) , ( 7) , ( 8a- e) and ( 9) . The endogenous var i abl es ar e : suppl y of 1, I S: demand f or I .

10 ; expor t s of 1, X: suppl y of B, Bs : demand f or B, BD; r at e of pr of i t , r , pr i ce of B, pB; pr i ce

of 1, p, ; wages, w; l abour empl oyed . L; oi l used, t ~ and capi t al used, K. The account i ng

i dent i t y ( 9) i s al ways sat i sf i ed when al l mar ket s ar e i n equi l i br i um.

As t her e ar e el even equat i ons and t wel ve unknowns, t he syst em can be sol ved i n t he

usual gener al equi l i br i um f ashi on by consi der i ng one good as a numer ai r e . The pr i ces t hat

emer ge f or t he ot her goods ar e t her ef or e r el at i ve pr i ces . We choose B t o be t he numer ai r e,

so t hat pB= 1 .

For any gi ven pr i ce of oi l and set of t echnol ogi cal and behavi our al par amet er s, equat i ons
( 1) - ( 9) det er mi ne a l ocal l y uni que gener al equi l i br i um of t he economy. Our next st ep i s t o

st udy how t hi s equi l i br i um changes as t he pr i ce of oi l changes, and i n par t i cul ar how t he

amount of capi t al used var i es acr oss equi l i br i a i n r esponse t o changes i n t he pr i ce of oi l .

The f ol l owi ng i s ver y much an exer ci se i n comput i ng t he gener al equi l i br i um of t he
model . As t he pr i ce of oi l var i es, t he equi l i br i a of t hi s model wi l l gener al l y descr i be a one-

par amet er f ami l y, i . e . a cur ve i n t he space of endogenous var i abl es . Al ong t hi s cur ve t he



pr i ce of goods, wages and i nt er est r at es, t ot al out put of each good, t he r el at i ve pr i ce of

i mpor t s and expor t s ( i . e . t er ms of t r ade) and t he amount of expor t s ar e al l endogenousl y

r el at ed. Our next goal wi l l be t o st udy t hei r r el at i on acr oss equi l i br i a .

Fi r st not e t hat , f r om t he pr oduct i on f unct i ons ( 1) and ( 2) , one can obt ai n demand

equat i ons f or f act or s L, K and f l at each l evel of out put , assumi ng t hat f act or s ar e used

ef f i ci ent l y :

wher e Di s t he det er mi nant of t he mat r i x
( at

	

a2 ~ .

I \ c,

	

c2

The pr i ce equat i ons ( 3) and ( 4) can be r egar ded as a syst em of t wo equat i ons i n t wo

var i abl es, wand r , when p o i s a const ant . Fr om t hese equat i ons one obt ai ns

( po - apn) c2 - ( Pr - b7po) c,w=

	

'
D

_ a, ( pt - b2pn)_

	

a, ( PB - b~ po)

DPI

3 - ( c, aw- a, f r )
=

D

Ct c,

	

al
( c2+PON- CI PI ) +P~(

p

M

+P~- ai l

wher e M= a l b, - a, 6, and N = c, b 2 - b, c2 . Si mi l ar l y, f r om ( 14) one obt ai ns

( 15)

( 16)

Subst i t ut i ng Kand L f r om ( 5) and ( 6) i nt o ( 13) , and t hen w and r f r om ( 15) and ( 16) , one

obt ai ns t he equi l i br i um val ues of t he suppl y of basi c goods B as a f unct i on onl y of t hei r

pr i ce pt

( l 7)

L° = Bs a, + I Sa2 ( 10)

K° = BSc, + I ' c, ( 11)

OD=BSb, +I Sb, . ( 12)

Equat i ons ( 10) and ( 11) i mpl y t hat , when f act or s ar e used ef f i ci ent l y,

BS =( c2 L- a2 K) / D ( 13)

I S =( a2K- c2L) / D ( 14)



4- t ,
40J' -

e- Az e

- - - j

I s = Qal ( ai - PoM-

	

) +

	

l ( PI ci
-

cz - PoM

	

( 18)
D ' \ , J PI PI 0

Now, f r om t he demand r el at i on ( 7) , B° = wL . and f r om ( 9) .

at equi l i br i um. Ther ef or e, f r om Bs = B° and I s' 1° + X, one obt ai ns t he f ol l owi ng expr es-

si ons f r om ( 17) when ps = 1 :

The i mpl i ci t f unct i on t heor em i mpl i es t hat f r om ( 20) one can obt ai n, at l east l ocal l y, a

f unct i on p, = p, ( po . ) . Ther ef or e, si nce po i s gi ven, an equi l i br i um val ue of p, can be

obt ai ned . Thi s, f r om ( 17) and ( 18) , yi el ds t he suppl y of B and 1, Bs and 1s, at equi l i br i um.

Fr om ( 15) and ( 16) one obt ai ned wages and pr of i t s w and r , and f r om ( 5) and ( 6) t he

equi l i br i um use of i nput s Kand L. Thi s det er mi nes 1° ( see ( 19) ) , so t hat t he vol ume of

expor t s X i s al so known; t her ef or e i mpor t s of oi l can be comput ed f r om ( 8e) . Thus t he

model i s ' cl osed' . i . e . i t s equi l i br i a ar e det er mi ned ( and l ocal l y uni que) when po i s gi ven .

When po changes. t he equi l i br i um val ues of al l endogenous var i abl es wi l l change, i n

par t i cul ar t he use of capi t al . Our next goal i s t o comput e t hi s r el at i onshi p acr oss equi l i br i a .

We now make an assumpt i on t hat si mpl i f i es t he comput at i ons : we assume t hat c, = 0, i . e.

t hat B r equi r es no capi t al i nput s . Thi s i s not st r i ct l y necessar y t o obt ai n t he r esul t s : al l t hat

i s r equi r ed i s t hat B be si gni f i cant l y l ess capi t ai - i nt ensi ve t han 1 i n or der t o obt ai n subst i t u-

t i on i n t he aggr egat e use of f act or s . One can t hi nk of B as a non- t r aded . r el at i vel y l abour -

i nt ensi ve commodi t y, such as ser vi ces .

Fr om ( 20) , and usi ng t hi s assumpt i on, one obt ai ns an expl i ci t expr essi on f or p, = pXp o )

wher e y = ac; '- / Pa, -

Consi der now t he po

= 0, w- 10 i mpl i es l / b,

w=
I - bi pn

W

=VI
- bl P0) cz - ( Pt - b2Po) CI 7 z .

( 20)

a, +p0M
P~ _

	

( 21)
) i bl Po( bi po - 1) +a,

i bl e r ange of var i at i on of po . Fr om t he pr i ce equat i on ( 3) , si nce c,

o z 0 . Now, f r om ( 3)

( 22)



Ther ef or e ( 4) i mpl i es

Subst i t ut i ng f or p, f r om ( 21) we obt ai n

r =

Ther ef or e r = 0 bot h when po i s zer o and when po assumes i t s maxi mum val ue 1/ b, . The

and r i s quadr at i c i n po , i t f ol l ows t hat t he r at e of pr of i t as an i ncr easi ng f unct i on of po f or po

< 1/ 26, , and a decr easi ng f unct i on f or po > 1126, . Si nce r t akes i t s maxi mumval ue when po

= 1126, , t he maxi mumval ue of r i s

I ac,
r . =

	

- .

	

( 27)
4f a, a,

Fi gur e I shows t he r el at i onshi p bet ween r and t he pr i ce of oi l . po . The i nt i ut i ve expl ana-

t i on of t hi s r el at i onshi p i s st r ai ght f or war d . An i ncr ease i n t he pr i ce of oi l has t wo opposi ng

ef f ect s on t he demand f or capi t al - a subst i t ut i on ef f ect and an i ncome ef f ect . The subst i t u-

t i on ef f ect occur s because t he r el at i ve pr i ce of t he oi l - i nt ensi ve pr oduced good r i ses,

shi f t i ng demand t o t he capi t al - i nt ensi ve good and t hus r ai si ng t he demand f or and t he l evel

of use of capi t al . Thi s bi ds up t he r et ur n t o capi t al . The i ncome ef f ect occur s because an

i ncr ease i n t he pr i ce of oi l r educes aggr egat e demand and t hus t he demand f or f act or s,

t endi ng t o l ower t he pr i ce of capi t al . The i ncome ef f ect can be shown t o domi nat e at hi gher

pr i ce l evel s ( see Chi chi l ni sky ( 1981) ) .

1 ' - J~ + POM
( 23)

c2 a, c 2 p,

r -- ( po - ~ po ) . ( 24)
~ai a2

change i n t he r at e of pr of i t as t he pr i ce of oi l var i es i s

_ar ac2 b,=
( 1- 2PA) . ( 25)

aPo Qa+a2

Si nce

_ar l

dPo
=0= po=

2A
( 26)



Rat e of pr cf i t , r

Fi gur e l

	

The r at e of pr of i t and t he pr i ce of oi l

Wi t h t hi s i nf or mat i on, we ar e i n a posi t i on t o anal yse t he r esponse of capi t al used t o

changes i n t he pr i ce of oi l . Fr om ( 6) , t he suppl y of capi t al i s j ust Br and f r om ( 8a) capi t al

demanded and suppl i ed ar e equal at equi l i br i um. Hence i f Ki s equi l i br i um capi t al use,

_aK >

	

< I

apo
<o as Po >

26,
.

Thus . wi t hi n t hi s model , capi t al and ener gy ar e t ot al subst i t ut es at l ow ener gy pr i ces and

t ot al compl ement s at hi gh ener gy pr i ces . Whet her capi t al and ener gy ar e t ot al compl ement s

or subst i t ut es i s a char act er i st i c of t he equi l i br i um posi t i on of t he model , whi ch depends on

t he pr i ce of ener gy and t he par amet er s of t he model . For t he par t i cul ar model pr esent ed

her e, t he t ot al cr oss el ast i ci t y of demand act ual l y has a ver y si mpl e anal yt i cal f or m. When

def i ned as

_ dKpo

dp, K

wher e al l val ues of var i abl es ar e equi l i br i um val ues, der i vat i ves ar e eval uat ed acr oss

equi l i br i a . Usi ng ( 6) , ( 8a) , ( 24) and ( 25) , i t can be shown t hat

_ 1- 2Apo

I - t ) PO

Pr i ce of oi l , Ga



The t ot al cr oss pr i ce el ast i ci t y i s t hus posi t i ve and i s bet ween one and zer o f or 0 <- po < 1/
26, , i s zer o f or pa = 1/ 2b, , and var i es f r omzer o t o mi nus i nf i ni t y as po var i es bet ween 1/ 2b,
and 1/ b, . Thi s i s summar i zed i n Fi gur e 2 .

Tot al cr oss el ast i ci t y
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Pr i ce of oi i , pa

We have i nt r oduced t he concept of t he t ot al cr oss pr i ce el ast i ci t y of demand bet ween
ener gy and capi t al : i t i s an el ast i ci t y t hat t akes i nt o account t he f ul l r ange of adj ust ment s
t hat occur i n a mul t i sect or economy af t er t he pr i ce of ener gy changes . I t i s a compar at i ve
st at i c measur e, r ecor di ng t he change i n t he gener al equi l i br i um conf i gur at i on of f act or use
consequent upon a f act or pr i ce change . I t i ncor por at es t he ef f ect s of pot ent i al l y i mpor t ant
sour ces of subst i t ut abi l i t y, such as t hose on t he demand si de t hat ar e not adequat el y
capt ur ed by anal ysi s of a pr oduct i on f unct i on, and so measur es t he t ot al r esponse f r om al l
sour ces t o a pr i ce change . I t i s obvi ousl y a l ong- r un concept , appl i cabl e on a t i me- scal e
over whi ch al l adj ust ment s may be assumed t o have been compl et ed . I t i s cl ear t hat t her e
ar e a number of cont ext s i n whi ch t hi s t ot al el ast i ci t y wi l l be mor e r el evant t han any par t i al
concept - f or exampl e, when pr edi ct i ng t he ef f ect on t ot al ener gy consumpt i on of a pr i ce
change .

The concept of t ot al cr oss r i ce el ast i ci t y has been i l l ust r at ed by r ef er ence t o a model
whi ch i s si mpl e enough t o be t r act abl e, yet hi ghl i ght s t he mai n f eat ur e. I t shows, f or

exampl e . t hat capi t al and ener gy may be subst i t ut ed at t he aggr egat e l evel , even t hough i n
ever y pr oduct i on pr ocess t hey ar e used i n f i xed pr opor t i ons . Thi s i l l ust r at es cl ear l y t he

i mpor t ance of consi der i ng t he f ul l r ange of r esponses t o a pr i ce change . For t he par t i cul ar
model consi der ed, capi t al and ener gy ar e subst i t ut es at l ow ener gy pr i ces and compl ement s
at hi gh ener gy pr i ces . Thi s ver y si mpl e r el at i onshi p i s heavi l y dependent on our si mpl i f yi ng
assumpt i on t hat c, , t he capi t al - out put coef f i ci ent i n t he consumpt i on goods sect or , i s zer o .
Wi t hout t hi s si mpl i f i cat i on, t he r el at i onshi p bet ween po and r , and hence K, woul d be of t he



f our t h or der . Thi s woul d l ead t o t hr ee r egi me swi t ches bet ween compl ement ar i t y and
subst i t ut abi l i t y, as opposed t o t he one t r ansi t i on of t he pr esent model . Such a possi bi l i t y has
t o be bor ne i n mi nd when compar i ng t he pr edi ct i ons of t he model wi t h t he st yl i zed f act s of
capi t al - ener gy compi ement ar i t y i n t he US and subst i t ut abi l i t y i n Canada and Eur ope. I t
al so has t o be bor ne i n mi nd t hat t he pr i ce of oi l . po, i s i n f act t he pr i ce of oi l r el at i ve t o t he
pr i ce of consumpt i on goods : i t i s not i mmedi at el y cl ear whet her t hi s i s hi gher or l ower i n
Eur ope t han i n t he US. Fi nal l y, i t i s of cour se, t he case t hat exi st i ng st udi es have been
desi gned t o measur e a di f f er ent el ast i ci t y : a r at her di f f er ent model speci f i cat i on woul d be
r equi r ed t o est i mat e t he t ot al cost pr i ce el ast i ci t y . Thi s wi l l be t he subj ect of a f or t hcomi ng
paper .
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Not es

1 .

	

Col umbi a Uni ver si t y and t he Uni ver si t y of Essex. Val uabl e comment s f r om Hel en Gaski ng, AI

Kl evor i ck and Ker r y Smi t h ar e gr at ef ul l y acknowl edged. Chi chi l ni sky' s r esear ch was suppor t ed

by gr ant s f r omt he Rockef el l er Foundat i on and UNI TAR.

2.

	

We have i n mi nd an i nt er pr et at i on of t hi s model as a t empor ar y gener al equi l i br i um model .
I ndust r i al goods pr oduced i n t hi s per i od may be used i nt er al i a t o augment t he capi t al st ock i n

t he next per i od.

3 .

	

One coul d t hi nk of a si t uat i on wher e t he capi t al st ock consi st s of a number of machi nes of

di f f er ent ages and pr oduct i vi t i es . As t he r at e of pr of i t r i ses, an i ncr easi ng number of t hese wi l l

be br ought i nt o oper at i on.


