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Abstract

This paper andyzes the effects of oil price shocks on the characterigics of the
busness cycle and on wedfare in a smal open economy, such as in the case of the
Spanish economy. The results show the ability of the mode to reproduce the business
cycle path of the Spanish economy, especidly in those periods when shocks in the price
of ol were mogt dramatic. Furthermore, the mode reproduces other regularities of the
Spanish business cycle. Findly, it is shown tha the increases in the redive price of il
had a negative and ggnificant effect on welfare.
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1. Introduction

The red business cycle theory assumes that exogenous technologica shocks,
identified through Solow resdud, are the man source of aggregate fluctuaions in the
economy. The lack of discusson on the nature of technologica shocks, which are
unobservable, has often been criticized, based on the idea that they are just the result of
the convergence of other kinds of factors that are not specified in the modd. In this
sense, specifying identifiable sources of fluctuations alows unobservable sources to be
reduced in the explanation of the business cycle.

One of the identifiable sources of shocks that has clamed the attention of many
economidts is oil price shocks. The effects of these shocks on the economies of
industridized countries have been widdy recognized in the literature. Authors such as
Pindyck (1979), Hamilton (1983) and Olson (1988) suggest that these shocks affect
growth as well as the busness cycle, thereby becoming an additiond source of
economic fluctuation. There is extensve empiricd literature that offers evidence of an
asymmetric relationship between oil prices and aggregate economic activity (see Mork
1989 and 1994). Such asymmetry has been attributed to a wide range of explanations:
adjusment cods, financia dress, monetary policy (see Badke e d. 2002 for a
discusson about the origin of this asymmetry). Another kind of literature, has andyzed
the effects of energy price shocks on economic variables usng red busness cycles
modds in closed economies. In this framework, authors such as Kim and Loungani
(1992) and Finn (1995) find that such shocks offer very little help in explaining the US
busness cycle.

Nonetheless, the case of the US economy, given its specia characteristics, does
not seem applicable to the rest of the oil importing countries. A smadl economy heavily
dependent on ail, as is the Spanish economy, is much more vulnerable than the US
economy when confronted with changes in the internationd oil maket. The US
economy has more control over some variables, such as the interest rate, and can
consequently use these variables to accommodate ail price shocks. On the other hand,
the internationd market determines the interest rate for the Spanish economy and o it
hes very little control over this varidble This argument highlights the importance of
congdering the behavior of redive ol prices when andyzing aggregae fluctuations in
smal open economieslike Spain's.

The gods of this paper, within the framework outlined above, focus on (i)
andyzing the transmisson channds of ail price shocks, (ii) andyzing the importance of
this source of fluctugions when characterizing the cydicd pah of the Spanish
economy, (iii) evauating the capacity of the mode to reproduce other empirica
regularities of the budness cyde and (iv) quantifying the effects of reative oil price
changes on welfare.

The modd we usad is a sandard dynamic generd equilibrium modd for a smadl
open economy in which ail is included as an imported poductive input. The ail price as
wdl as the interest rate is assumed to be st by the international markets so we consider
a gndl economy in the sense of taking those prices as given. Oil price shocks are
consdered the only source of fluctuation. Therefore, dthough the economy has been hit
by many shocks our andyds is conditiond on a sngle shock. This andyss would
dlow us to veify the extent to which oil price shocks can account for the Spanish
business cycle. The parameters of the model are dosen by taking data from the Spanish
economy for the period 1970:1 - 1998:4. This period includes two sgnificant oil crises.

The andysis we caried out dlows us to obtain severd conclusons. The modd
accuratedly mimics the cydicd pah of the Spanish economy, especidly during the



period in which ol market conditions were mogt varidble. The shocks in redive oil
prices account for more than hdf of the 9ze of aggregate fluctuations. The modd is adle
to match other characteristics of the Spanish business cycle. These results emphasize the
importance of oil price shocks as a source of economic fluctuations. Findly, increases
in relaive ail prices are shown to have had a Sgnificant negetive effect on welfare.

The paper is organized as follows: the modd is presented in Section 2, calibraion
and edimaion of the parameters are discussed in Section 3 and the transmisson
mechanisms of oil shocks are andyzed in Section 4. In Sections 5 and 6 we test the
ability of the modd to reproduce the path and other regularities of the Spanish business
cycle. We quantify the wefare cost derived from oil crises in Section 7. Lagtly, Section
8 summarizes our conclusons.

2. The Model

The modd described in this section is a dandard dynamic generd equilibrium
modd of a smal open economy that needs to import oil to produce goods. The
economy is smdl in the sense that its behavior does not affect the rest of the world and,
in paticular, oil prices are taken as given. Shocks in the price of oil are the only surce
of fluctuation in the economy.

The economy condds of a large number of identical infinite-lived households
and firms. The economy produces an internationaly tradable good (y;), combining labor
(n,), capitd (k;) and ail (e;), according to the following production function:
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The u parameter is equa to (1-s)/s, where s is the dadicity of subditution
between capita and oil, and the labor shareisgiven by g
The aggregate resources condrant is given by the following expresson, where
¢, IS private consumption, i, isinvestment and x#, are net exports:
¢, ti, +xn, = y,. )
The capitd accumuletion ruleis given by:
it =Ky - (1' d)kt +F (kt ykz+1) ) (3)

where d is the capitd depreciation rate and F is a cgpitd adjustment cogt function,
which following Bruno and Portier (1995), we assume to be quadrétic:
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Since the firm needs to hire capitd and labor each period, the maximization
problem can be characterized as the solution to a series of static one-period problems:

Max F(n; ke )- wn, - rik; - pe,, "t ®)



from which the firg-order conditions are obtained:

Wy = Fn, ’ (6)
P = Fe, ) (7)
=F, . &)

where w; is the wage, r; is the domestic interest rate and p; is the relative price of oil that
follows a stochadtic first-order autoregressive process.

Inp, =p+rinp, +e, ©)

where p isaconstant, 0<r <l and g ~N(Os ).

The representative household has access to a perfectly competitive internationa
capitd market, where it can buy and sdl international bonds a an (exogenous)
international interest rate »*. The net exports will therefore indude the oil purchases as
well asthe net purchase of bonds:

xn, = p,e, b - (L+r")b,. (10)

The representative household maximizes its expected lifetime utility defined
over stochastic sequences of consumption (¢;) and labor (n;) subject to the household
budget congraint:
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where O< b <1 is the subjective rate of intertempora discount, s >0 is the parameter of
reaive risk averdon, n is one plus the inverse of the intertempord dadicity of
subdtitution of labor supply and y is a positive parameter.

The conditions that solve the consumer's problem are the following:
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A competitive equlllbrlum for this economy is a set of dlocations {c,, n, ki1, e,
b1} and prices {w, p, r, '}, tha saisfy the following conditions () {c, n ks1
b,+1}solves the consumer's problem given the prices {w, r, r'}, (i) {1, k, e}solvesthe
fir's problem given the prices {w, p, n}, and (iii) the goods, labor, capita, bond and
oil markets are cleared.



3. Calibration and Estimation

The parameters of the modd are chosen so that the model economy produces
vaues for the dationary variadbles which match the corresponding averages of actud
data during the period, 1970:1 - 1998:4. Therefore, many of the parameters are chosen
from the equations of the mode in seady date, while other parameters are taken
directly from the literature. Findly, the Stochadtic process parameters of relaive oil
prices are estimated. Table 1 reports the parameter values.

[INSERT TABLE 1]

Following Chrisiano and Eichenbaum (1992), we fixed the individud's
productive time to 1369 hours per quarter. The international interest rate » is taken
from the vaue suggested by Kydland and Prescott (1982). The parameter of
preferences, n, is borrowed from Greenwood et a. (1988), while the parameter of risk
averson, s, is obtaned from Mendoza (1991). As fa as the production function
parameters are concerned, the v parameter, which is related to the subgtitution eadticity
between capitd and ail, is taken from Kim and Loungani (1992), whereas the labor
share, 6, is taken from the cdculations made by MartinnMoreno (1998) for the Spanish
€conomy.

The rate of capitd depreciation & is chosen through its accumulation law (3) in
the steady State:

d=1
k k)
where the investment/capitd retio is obtained from the average value of the data

Given v , the vdue of a, which represents the importance of oil with respect to
capita, is obtained from equations (7) and (8) calculated in the steady Sate:
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where e/k and p are average values over the sample and the depreciation rate Q) takes
on the previoudy cdibrated vaue.

The subjective rate of intetempord discount (B) is cdculated, given the
internationd interest rate, from equation (14) in the steady date:

a

1= b@+r).

The vadue of y is chosen from equaions (12) and (6) in the steady dHate,
assuming that the fraction of hours worked in the steady date is equa to the average
fraction of the datain the Spanish economy (31.7%):
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where y/n isthe output per hour worked on average according to the data

The deady date value of international bonds is chosen to reproduce the net
exports share in the Spanish economy.

The parameter of adjustment costs (f) is cdibrated so the variability of
investment relative to output would be suitably reproduced by the mode.

Findly, to complete the cdibration, the parameters corresponding to the
stochadtic process of relative oil prices are estimated from equation (9). The rdative ail
price data are the series of price per liter of ail in the Brent market corrected for the
implicit GDP defletor.

Once the different parameter vaues are calibrated, we are ready to caculae the
deady date of the modd numericaly and compare it to some of the long-run features of
the Spanish economy during the reference period. This acts as a test of vdidation for the
model with respect to the objective sought by the cdibration. Table 2 contains the
vaues of the comparison where we can see that the modd adequately reproduces the
long-term characteristics of the economy.

[INSERT TABLE 2]

4. Transmission Mechanisms of Qil Price Shocks

In this section we describe the dynamic mechanism in which an oil price shock
is propagated. This shock is equa in Sze to the standard deviation calculated in the
estimation process of the price. kgure 1 shows the response of the different endogenous
variables of the model in presence of such shock®.

[INSERT FIGURE 1]

When an increase in relative oil prices occurs, the amount of oil used decreases
more than 10%. However, this increase in price B larger than the oil use reduction. This
reflects the difficulty of the subditution of ail in the modd economy o that the vadue of
imported oil increases. The reduction in the use of oil determines the capitd response
due to the complementarity of both inputs in the production function so that the capita
decreases, as does the number of hours worked. Given that the reduction in oil is much
larger than the capital decrease, we can observe a condderable increase in the capitd/ail
ratio. The decrease n the productive inputs is trandated into an output decrease of over
0.5%, which would imply a negative correation between output and oil prices. Another
effect of the decrease in oil use is the decrease in the margind productivity of domegtic
capital, thereby increasing the purchase of foreign bonds. This effect, with the increase
in the vaue of oil imports, implies that net exports will have a countercyclica character
relative to the GDP. Findly, consumption exhibits a smilar response to the output.

5.- Oil Price Shocks and Aggregate Fluctuations

! Thisimpliesan initial increase of about 20% with respect to its steady state value.



In this section we test the ability of the model to reproduce the Spanish business
cycle for the period 1970:1-1998:4. We smulae the modd by including the path of the
relative price of oil as the only source of fluctuation. The andyss dlows us veify the
extent to which ail prices actudly give rise to the Spanish business cycle path.

Figure 2 represents the evolution of the reative price of imported oil, and the
comparison between the evolution of the Spanish GDP and the output path smulated by
the moddl. Given that we focus on the business cycle, both series have been detrended
usng the Hodrick-Prescott filter. The periods when changes in oil prices were most
dramatic are shaded in order to easly veify if the modd is able to reproduce the
behavior of the Spanish economy during the oil crises.

[INSERT FIGURE 2]

The firs grest oil criss was triggered by the Arab-lsragdli Yom Kippur War
when OPEC imposed an oil embargo on western countries, thereby dramaticdly
increasing oil prices. The Figure 2 shows an increase of about 200% in the relative price
of ail in the first quarter of 1974. The increese had immediate effects in the evolution of
the output in the moded as well as in the Spanish economy, even though in the latter
case its drop-off was drawvn out over severd periods. Therefore, the modd satisfactorily
reproduces the negative effect on output during the firs oil criss. The next period
which cals for our atention is the second oil crigis, which brings us back to 1979 and
was triggered by the Iranian Revolution, causng the relative price of oil to double in
less than a year. Again, the increase in oil prices reduces the output of the economy,
even though the decrease is much less than that experienced a the beginning of the
decade. The modd reflects the magnitude of the drop as well as its path. In following
years, rdative ol prices were hdd seady a a very high levd, this had a long, negdive
effect on Spanish economy output. This is accurately depicted by the modd. At the
beginning of 1986 the oil market collapsed bringing about a dgnificant drop in ail
prices. This gtuation affected output in a podtive way, which quickly recovered. The
modd reacts ingantly when confronted with the fal in il prices while the recovery in
the data begins some periods later.

Summing up, the modd guided by changes in oil prices is ale to mimic
episodes of dramatic changes in the oil market quite accurately, especidly for the two
crisesin the 70s and the Situation in the mid-80s.

Focusing on the evolution of output during the whole period in question, we find
that the mode accurately reproduces the Spanish business cycle between the end of
1973 and the beginning of 1986, coinciding closdy with the period of largest
fluctuations in the relaive price of oil. However, when oil market conditions were
dable, that is, in the periods between 1970 and the middle of 1973, and the middle of
1986 to 1998, the modd failsto reproduce the cyclica path of the Spanish GDP.

The results show the vulnerability of a smdl open economy heavily dependent
on imported oil, such as the Spanish economy, when confronted with large changes in
the conditions that control the international oil market, highlighting the importance of
conddering the behavior of redive oil prices when andyzing the Spanish business
cycle.

6.- Business Cycle Properties

In the previous section we have seen how the modd can satisfactorily reproduce
the cyclicd behavior of output for a smal open economy dependent on the internationd



oil market, such as in the case of Spain. Nonetheless, we would aso like to verify the
ability of the modd to reproduce other empirica regularities of the Spanish busness
cycle. In order to do so, we proceed to the stochastic smulation of the modd with the
parameters obtained in the cdibration and estimation section, where the only source of
fluctuations comes from the stochadtic process edtimated for reative oil prices. Table 3
reports a selection of second-moment properties for the HP-filtered series corresponding
to the Spanish data and the smulated economy respectively.

[INSERT TABLE 3]

From the andyss of these datistics we obtain that oil prices are an important
source of aggregate fluctuaions in a smdl open oil-dependent economy such as Spain's.
Oil price shocks can account for amost 60% of output volatility, whereas the
ggnificance of this source of disturbances in other economies is condderably less. For
example, concerning the U.S. economy, Kim and Loungani (1992) found that energy
price shocks account only for 16% of aggregate fluctuations. In a closed economy
mode, such as the one Kim and Loungani (1992) use for the US economy, the interest
rate is procyclica. This partidly absorbs the effects on output of an energy price shock.
However, in a smal open economy this does not happen because the interest rate is
exogenous. As aresult the Spanish economy is more sengtive to this kind of shock.

This kind of shock does not only account for a large percentage of output
fluctuations but it dso satidfactorily performs some other features of the business cycle.
Therefore, the mode matches the volatility of both oil use and oil prices, despite the
fact that the mode fails to reproduce the cross correlaion of both variables with output.
In the smulated economy oil use is decidedly procyclica and oil price countercyclicd,
while both variables are acyclicd in the data.

Furthermore, including oil as productive input aso plays a role in accounting for
the countercyclicad character displayed by net exports in rdation to the GDP, as well as
its voldtility. In other papers this countercyclica character has been accounted for by the
increese in capitd imports which follows a postive productivity shock, though the
vaue obtained is far from the vaue obtained in the datef. In this case, and due to the
complementarity between capita and ail, the decrease in net exports is amplified via ail
imports, thus the modd adequately reproduces the countercyclica character of this
vaiable.

7.- OQil Price Shocks and Welfare

The lagt two sections have highlighted the dgnificant influence that oil price
shocks have not only on the sze and path of aggregate fluctuations, but dso as an
explanatory factor for other regularities of the Spanish busness cycde This implies
andyzing the features of the busness cycle without having to resort to unobservable
technological shocks. However, oil price changes do not only affect the business cycle
but they aso have effects on wefare as well. These effects are particularly important in
the framework of a smal open economy dependent on oil imports, since there is no
domegtic oil production, and the possibilities of subdituting this input with cepitd are
limited due to the complementarity between capita and oil. In this section we evduate
the loss of wefare occasoned by oil price increases regisered from the firs haf of the
70s until the second hdf of the 80s. The relative price in the last quarter of 1973 was

2 See, among others, Correia et al. (1995) for the Portuguese economy and Martin-Moreno (1998) for the
Spanish economy.



very smilar to the vaue regigered in the third quarter of 1986, therefore we can
condder the intermediate period as a trandtory price increase whose wdfare cost we
will calculate.

The utility functions only enable us to establish ordina comparisons so we have
to turn to a measure that dlows us to evaduate the quantitative importance of the
decrease in welfare. In order to do so, we caculate the welfare cost derived from the
increase in oil prices with respect to the initid Stuation. This cost is defined a each
moment as the percentage of the increase in consumption that an individua would
require to enjoy the same levd of wdfare with respect to the starting point. The wefare
cos a each moment is cadculated through the x varigble that solves the following
equation:

U=U[c(1+x)a], (16)

where U is the level of utility reached a the initid situation, in this case the last quarter
of 1973, while ¢ and 7n represent consumption and hours worked at each moment,
which provide a level of wdfare U. Thus, the product cx indicates the tota increase in
consumption required to restore the initid level of wefare. This wefare cost measure
usually is expressed as a percentage of outpui.

The results show that the price increases registered between 1973 and 1986 had
an average cost per period of 4.1% of the output. In other words, in each period,
consumers should have been compensated with more than four points of the GDP in
consumption terms, in order to make up for the loss in wefae derived from the
different oil crises This gives us an idea of the ggnificant magnitude of the loss in
welfare occasoned by the different oil crises for a smal open economy, such as the

Spanish economy.
8.- Conclusions

In this paper we have analyzed the effects of oil price shocks on the features of
the business cycle and on wdfare in the context of a smdl open economy such as is the
case of the Spanish economy. The model used for this analyss is based on the standard
dynamic generd equilibrium modd for a smadl open economy in which ail is incduded
as an imported productive input. The price of oil as well as the interest rate is assumed
to be st by the internationd markets. The cdibration of the parameters of the modd is
made by taking data from the Spanish economy during the period 1970:1-1998:4.

The results show the ability of the modd to reproduce the cyclicd path of the
Spanish economy, especidly in those periods when oil price shocks were most
dramatic. This kind of shocks accounts for more than haf the size of the aggregate
fluctuations of the economy. In addition, the modd reproduces other regularities of the
busness cycde Finally, we have shown that the increases in the redive price of ol had
anegative and sgnificant effect on welfare.
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Table 1.- Parameters of the economy.

Preferences

Subjective Discount Rate b 0.99
Parameter of the Utility Function y 1.140
Risk Averson 3 1.001
Parameter of the Utility Function < 1.7
Technology

Labor Share q 0.65
Rate of Depreciation d 0.027
Parameter of the Production Function v 0.7
Internationd Interest Rate P 0.01
Oil Price Process

Congtant 1_9 0.152
Perd stence Coefficient D 0.945
Standard Deviation s, 0.180




Table 2.- Average ratios.

Data Model
Oil ImportsGDP 0.0318 0.0271
Net ExportyGDP -0.0194 -0.0194
Private Consumption/GDP 0.7563 0.7546
Capital/GDP 9.5615 8.5224
Oil/GDP 0.0018 0.0016
Gil/Capital 0.00019 0.00019

13




Table 3.- Second Moments.

Vaiables Data Model
Oy [Y) Ox P

GDP 1.27 1.00 0.70 1.00
(0.14) (0.00)
Consumpti o 1.03 0.65 0.51 0.98
(1.13) (0.02)
I nvestment 4.57 0.81 457 0.88
(1.98) (0.05)
XN/GDP 1.20 -0.35 0.78 -0.77
(0.38) (0.06)
Price 19.84 -0.04 22.63 -0.94
(2.63) (0.03)
Oil 16.38 -0.05 14.18 0.95
(1.66) (0.02)

All the gatigtics of the modd are averages, across 100 smulation data sets, each with
116 observations. Standard deviation in brackets. For each variable x we show the
absolute volatility o, and the contemporaneous correation with GDP, p.

3 The consumption data are the updated series on consumer durables from Estrada and Sebastian (1993).
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Figure 1: Impulse responses to an oil price shock.*
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