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Abstract:

In this short paper we add a non-renewable res@ector to van Zon and Yetkiner
(2003) that extended Romer (1990) by including gneonsumption of intermediate
goods in a context of endogenous and embodied itathchange. Van Zon and
Yetkiner (2003) showed that the growth rate depemsizatively on the growth of
exogenous real energy prices. In this paper, weganise the growth rate of real
energy prices by introducing a non-renewable resowector into the model. This
allows us to study the comparative statics of trmdeh We show that changes in
technology parameters promote growth, while otdesfavour growth.
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1. Introduction

Van Zon and Yetkiner (2003), further called VZY fehort, introduced energy use in the
production of intermediate goods in the Romer (3986del. VZY assumed that energy and
raw capital are the factors of production that @ésed to produce intermediate goods. VZY
also assumed that energy and raw capital become efficient in time due to basic R&D.
Hence, the intermediate sector produces intermesligihat are heterogeneous on two
accounts. While the ‘normal’ love-of-variety hetgemeity found in Romer (1990) is still
present, VZY also allow for heterogeneity in teraigembodied) unit production costs, as
the latest intermediates are the most productive ¥6cused on technology and growth, and
assumed that energy supply at any moment in time available in any quantity at real
energy prices that were growing at a given exogemate. In a closed economy with limited
energy resources and where Hotelling’s rule shapialy, this is agross simplification that
this paper wants to cure. In their simplified spt-MZY found that productivity growth at the
aggregate level was the result of both love-ofatgrand efficiency (quality) improvements.
They further showed that (i) aggregate energy iefficy may be improved through stepping
up basic research, (ii) increasing real energyegriead to corresponding rises in the user
costs of intermediates and hence to a fall in pgai those intermediates.

VZY can be considered to be incomplete in at least respect: the model leaves the rate
of growth of energy prices unexplained. This isealiness on two accounts. First, the VZY
paper fails to close the model, by leaving outrapartant feedback mechanism from scarcity

to prices and then to endogenous technical react®econdly, because of the exogeneity of



real energy prices, the VZY model implicitly covemsly the small country case, whereas a
global perspective requires a ‘big country view’ e prices are determined through the
interaction between supply and demand. In thistgbegper, we take a global perspective by
explicitly introducing a non-renewable resourcetsedn particular, we use Hotelling’s rule
in its simplest form to link the rate of growth i@fal energy prices to the real rate of interest.
This closes the model in the sense that all vaglbhn now be expressed in terms of the
system parameters. This “finishing touch” permits to disclose the exact effects of
parameter changes on the variables. In section gresent the extended VZY model and the
resulting comparative statics. We show that charigetechnology parameters promote

growth, while others disfavour growth. Section 8\pdes some concluding remarks.

2. The Extended VZY Model

van Zon and Yetkiner (2003) use an Ethier (1982§pction function for final outpuY that

is linear homogeneous in (skilled) labour and eféeccapital services:
A
Y=Lt j (x¢)“di 1)
0

where L, is labour input used in final-output productiof. are the effective capital services

obtained from using thé" type of intermediate good - is the partial output elasticity of

labour, andA denotes the (real) number of blueprints inventedauthe present time. The



distinguishing feature of VZY is their introductiosf energy into the intermediate good

production in Romer (1990):

x*=A(x)"(e)” ()

Equation (2) assumes that effective capital sesvigeproduced by théth intermediate
are a Cobb-Douglas aggregate of raw capitadnd energye , where 8 measures the partial
elasticity of effective capital services with resp& raw capital servicesl, is the ‘total-

factor’ productivity of raw capital and energy, aitdtakes the form of Hicks-neutral

technical change in the production of effectiveitzservices. VZY assume thdf can only

change over time for= A, i.e., for the latest intermediate. They show th& assumption,

together with the requirement that the model shbealdble to generate positive steady state
growth, implies thatA, = A,A°, where A, is the ‘total factor productivity’ of the first
intermediate and¢ implicitly measures the quality improvements embddin the latest

intermediate.
As in Romer, the R&D production function is giveyt b

A=d(L-L,) 3)

where o represents the productivity of the R&D processileavh, =L — L, is the amount of

R&D labour and is the total labour force.



The demand-side is represented by a standard oonsteertemporal elasticity of
substitution utility function. This results in tHellowing upward sloping relation between

output (and consumption) growth and the real irsterater:

C=Y=(r-p)/6 (4)

where 1/8 is the intertemporal elasticity of substitutiondap is the rate of pure time

preference, an@ is private consumption, and where we have assuhadhe labour force
is constant over time.
Assuming that the growth rate of real energy prisesonstant, VZY find the steady state

growth rate of output to be given by:

?=(a‘j Hj(ézL—p/a—a(l—ﬁ)(lw)/(l—a)) (5)

where z=(1-a +¢a)/(1-a). Equation (5) shows that if real energy priagswould be
constant (i.e.,§ =0), then the steady state growth rate of output daxceed the growth
rate of the number of blueprints, g 0. This is because in the VZY-model growth does

not only come from an increase in the number adrmediates, but also from the intrinsic
productivity improvements embodied in the latestimediates.
The corresponding equilibrium value of the reakrest rate, obtained by combining (4)

and (5), is given by:



r=[aa—i)(csz—d(l—,B)(l+a)/(l—a)+p/6?) (6)

By using (6), VZY obtain the corresponding equiliton allocation of labour to final

output production:

L, = !
Y dl-a)z(a +6)

(@-a)a + p-a)+Ga@- BL-6)) (7)

It follows from combining (3) and (7) that the gritwate depends in an ambiguous way on
the intertemporal elasticity of substitution. Howevin a global (and therefore closed)
economy, q itself would depend or@, possibly in a way that removes the ambiguity. By
extending the model with a non-renewable resoueceos that provides the endogenous link
between r andj, we will show below thaty does indeed depend positively én and so

causes the growth rate to depend positively omntieetemporal elasticity of substitution.

The Non-renewabl e Resour ce Sector
In a classic article, Hotelling (1931) introducduk tnotion of “the social value of’ an

exhaustible resource to determine the desiralofitgny extraction pattern. Hotelling (1931)

T The labour market arbitrage conditionLi§ =rladk+(1-5)§) /(Q-a)d). It shows that continuously
rising real energy prices will change the alloaatid labour in favour of final output generatioeteris paribus.



also showed that pure competition could yield atvaetion path identical to the socially
optimal one.

Hotelling’s optimal extraction path can be repréednin a somewhat condensed way
using the Hotelling’s rule, which states that aldhg optimum resource extraction path, the
real price of the extracted resource should groa @roportional rate equal to the real rate of

interest. In the context of the VZY-model, thisepwise to:
&q=r. 8
Equation (8) is the well-known Hotelling’'s non-arhge condition saying that the non-
renewable is essentially an asset and thereforeatgprice must grow at the real interest rate.
The use of this finding in equations (3) and (5)-@lows one to obtain the full general

equilibrium solution of the VZY-model.

Comparative Satics

In Table 1 below we present comparative staticslt®sf the mode.

Table is about here

¥ All derivations are available from the authorsrequest.



Table 1 shows that an increase mwould lower the growth rate of output (and hence
that of the physical capital stock and of consuomti An increase infS represents an
increase in the weight of the reproducible factbrmmaterial production. This positively
influences the amount of labour allocated to fg@bd production and reduces the amount of
human capital allocated to R&D. As a result, thewgh rate of output (and capital) falls,
while the long-run equilibrium interest rate rishige to the increase in the marginal product
of capital following the rise ifhy.

Table 1 demonstrates that an exogenous increa@enas unambiguously negative effects
on the growth rate of output. Recall that the higieis, the lower is the willingness of
households to deviate from a uniform pattern ofsconption over time. On the one hand,
such a desire forces households to increase the sfidabour allocated to final output
production in the initial periods, which increasesrent levels of production (and hence also
current consumption and investment) possibilit@s.the other hand, such an increaskvin
also implies a fall irLa, which lowers the growth rate of knowledge accwatiah and hence
reduces future levels of production (and again wature consumption and investment
possibilities).

Table 1 shows that an exogenous increase in thjectivie rate of discounp works very
much like & in the model. This is due to the fact that a pesithange in both parameters
implies a smoother consumption, which forces thel@heconomy to raise consumption and
hence necessarily output in the beginning by irgirggy. The latter has negative effects on

the long run growth rate for the same reasonswkaliscussed above.



An increase in¢ leads to a rise in the total factor productivifyeffective capital services.
Such a rise accelerates output growth, as expdatedt, also raises the “productivity return”
to R&D and solLy falls while La rises. Consequently the rate of knowledge accuiouala
rises, which generates further output growth. Tise in productivity further enables a rise in
the steady state value of the real rate of interest

Table 1 also shows that an exogenous increase D R&ductivity & speeds up the rate
of knowledge accumulation and hence the rate giudugrowth. Note that the effects gf
and o0 are identical in sign. This is not surprising, kath parameters are intimately and
positively linked to the role played by technologyoutput growth. Finally, the marginal
benefits of using human capital for R&D purposes positively affected, and do, rises

while Ly falls.

3. Concluding Remarks

In this short paper, we closed VZY-model throughtdlmg's rule, which establishes how
real energy prices would grow in a limited non-mgable resource setting. We showed that
once-and-for-all changes in the “non-technologyapeeters” 3,6, o rather lower the rate of
growth of output, while once-and-for-all rises het“technology parameters’,d enhance
growth. This underlines the importance of technglmgenergy conversion. Furthermore, the

“old” VZY result that rising real energy price® not invoke increased energy saving R&D



activity still stands. This in turn stresses theartance of active government policies aimed

at mitigating the negative growth effects of risnegl energy prices.
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Table 1. Comparative statics
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a: only if 8 >1; b: only if a does hold.




