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Abstract

This dissertation consists of three chapters. Gnaphe presents a theoretical model
using a dynamic stochastic general equilibrium (E$&pproach to investigate the role of world
oil prices in explaining the business cycle in SaAdabia. This model incorporates both
productivity and oil revenue shocks. The resulticate that productivity shocks are relatively
more important to business cycles than oil shoeksvever, this model has some unfavorable
features that are associated with both investmehtabor hours.

The second chapter presents a modified theoretnmalel using DSGE approach to
examine the role of world oil prices versus protiiist shocks in explaining the business cycles
in Saudi Arabia. To overcome the unfavorable feegurf the baseline model, the alternative
model adds friction to the model by incorporatimgastment portfolio adjustment. Thus, the
alternative model produces similar dynamics to thfathe baseline model but the unfavorable
characteristics are eliminated. Also, this chapteructs sensitivity analysis.

The objective of the third chapter is to empirigativestigate how real world oil price
and productivity shocks affect output, consumptiomvestment, labor hours, and trade
balance/output ratio for Saudi Arabia. This chamemplements the theoretical model of the
previous chapters. In addition, this study buildswndation for future studies in examining the
impact of real world oil price shocks on the ecoreswf key trade partners of Saudi Arabia.

The results of the third chapter show that proditgtishocks matter more for
macroeconomic fluctuations than oil shocks for 8audis’ primary trade partners. Therefore,
fears of oil importing countries appear to be otatesl.

As a whole, this research is important for thedwaihg reasons. First, the empirical

model is consistent with the predictions of ourotietical model in that productivity is a driving



force of business cycles in Saudi Arabia. Secomel,policymakers in Saudi Arabia should be
more concerned with increasing productivity throwgtopting new technologies that increase
economic prosperity. Therefore, the policymakersusdh continue diversifying economic

resources and reduce their reliance on oil.
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CHAPTER 1 - The Role of World Qil Price Shocks in Eplaining
Business Cycles in a Small Open Economy:
The Case of Saudi Arabia

1.1. Introduction:

The Saudi Arabian economy has a unique positionhen Middle East and world
economies for multiple reasons. Saudi Arabia hasertitan one fourth of the world’s known oil
reserves, producing thirteen percent of the totaldwil. The Saudi Arabian economy ranks as
the sixth largest in Asia and contributes one-fdftithe total Gross Domestic Product (GDP) of
the Middle East region (Ministry of Petroleum, SA).

In addition, Saudi Arabia, along with the rest aetworld, is heavily engaged in
international trade. A large portion of its tradantsactions occur with developed countries.
These transactions have been growing rapidly ipes@nd in number in recent decades. This
implies that Saudi Arabia’s economy may be morg@aasive to business cycles initiated in
other countries. As an economy becomes more irtefjravith other world economies, a
recession or booming cycle beginning in a developedntry is often spread to developing
countries. This is especially true for those caestwith less of a variety of exports and those
that depend greatly on a small range of raw maseria

Price shocks can impact a country’'s economy oveersé years. For example, the
sudden sharp increase in world oil prices in 198%aesult of the Iranian revolution had a
positive effect on some oil exporting countries doesharp price increases. However, later it
carried such an adverse impact that by 1986, thedwml price had declined significantly,

reaching eight dollars a barrel.



During the last few decades, oil prices have beeite qvolatile. Hence, to maintain
economic stability, authorities of oil-exportingudries have attempted to implement policies
that reduce their countries’ exposure to worldooite swings that often result from price shocks
associated with oil demand in other parts of theldy@specially industrial countries that import
large amounts of crude oil.

Saudi Arabia, through its relatively large prodantcapacity and through its membership
in the Organization of Petroleum Exporting Courstri®PEC), has a potentially vulnerable
economy because world oil price fluctuations cobkl transferred to the Saudi economy.
However, the quantitative features of this link @aot been carefully explored. Therefore, the
objective of this study is to investigate the rofeworld oil prices in explaining business cycles
in Saudi Arabia. There are many studies which hee€blynamic Stochastic General Equilibrium
approach (DSGE) to explain business cycles in miffecountries, including both developed and
developing countries. A smaller part of the litaratexamines the role of world oil prices by
explaining business cycles, such as the study hyng#it and Zimmermann (2005). Thus, current
literature does not use DSGE models to gauge thatdative importance of oil shocks on the
Saudi Arabian business cycle. This study intend#l that gap.

To achieve this objective, | derive a DSGE modet #ilows for the world oil price and
productivity shocks. Second, | calibrate the mottelthe Saudi Arabian economy. Next, |
compare the moments from the theoretical model ath single and multiple shocks with that
obtained from the actual data to see the extewthioh business cycles in Saudi Arabia can be
explained by total oil revenue shock. Then, | usanapulse response function to evaluate the
role of world oil price shocks. Finally, | presentplications of the findings and interpretations

in accordance with economic theory.



The chapter is organized as follows: Section l1aiastan introduction on the subject and
economic background. Section 2, presents a literagview of the relevant studies that utilize
Dynamic Stochastic General Equilibrium models fiffedent countries. Section 3 illustrates the
detailed derivation of the theoretical model anel ¢lalibration of the DSGE model. Section 4
gives an outline of the data and sources. Secti@ocuments the stylized facts of business
cycles for Saudi Arabia. Section 6 displays impulssponse functions and analyzes these

results. Concluding remarks, policy recommendatiand limitations are given in Section 7.

1.2. Economic Background

Energy is important for global economies and tkewelopment. Reliance on a specific
source of energy is often associated with the teldyy used and level of urbanization. The high
world consumption of oil is due to both the econommd environmental advantages of crude oil
as a source of energy given other current alterestiin 1974, concerns for finding alternative
sources for crude oil were strongly promoted byimaporting countries as a result of a sudden
sharp increase in oil prices. As a result, therirgonal Energy Agency (IEA) was established
to help production and consumption countries comai with each other. In addition, the IEA
conducted comprehensive research in the efficisataf existing sources of energies. The IEA
found that oil was the most utilized source of ggen the world. Table 1-1 reveals that over the
last decade, the share of oil in the world energyket appears to be steady.

Thus, oil is likely to continue to be important footh oil-importing countries who use oll
in producing final goods, and for oil-exporting cttes who use oil income to finance import

purchases.



Table 1.1 World Consumption of Energy by Category.

Year oll Natural Gas Nuclear Coal Hydroelectricity World Total
1995 38.0% 22.6% 6.1% 26.6% 6.7% 100.0%
1996 37.7% 23.0% 6.2% 26.6% 6.5% 100.0%
1997 38.4% 22.7% 6.1% 26.2% 6.6% 100.0%
1998 38.5% 23.1% 6.2% 25.6% 6.7% 100.0%
1999 38.7% 23.2% 6.3% 25.1% 6.7% 100.0%
2000 38.1% 23.6% 6.3% 25.4% 6.6% 100.0%
2001 38.0% 23.7% 6.4% 25.5% 6.4% 100.0%
2002 37.7% 24.0% 6.4% 25.5% 6.4% 100.0%
2003 37.2% 23.8% 6.1% 26.7% 6.2% 100.0%
2004 36.9% 23.6% 6.1% 27.2% 6.3% 100.0%
2005 36.4% 23.5% 6.0% 27.8% 6.3% 100.0%

Source: BP statistical Review of world oil industry

1.2.1 The story of oil in Saudi Arabia

In 1923, Saudi Arabian oil was discovered@he first search was done on the eastern side
of the country by a British company known as Eastard General Syndicates. However, this
company discontinued its oil exploration in 1928tasy could not find oil. In 1932, King Fisal
bin Abdulaziz, the king of Saudi Arabia, could aotive at an agreement with British companies
searching for oil in eastern Saudi Arabia as theybded the existence of oil. However in 1933,
the king signed a contract with Standard Oil ofifdatia, an American company. This contract
gave the company an oil concession for sixty yaads allowed them to begin exploring for oll
on the eastern side of the country. Two months,l#te company changed its name to California
Arabian Standard Oil Company (CASOC). The firstwéll was drilled in 1935 in the field of

Damamm and was named Oil Well One.

! Information in this subsection is obtained frora Biscovery of Qil in Saudi Arabia (2002), the Saticbian
Economy (1994), and ARAMCO (2006).



One year later, CASOC, in cooperation with a compamwn as Texas Oil, made an
amendment to their oil concession in Saudi Arabxaending it to 66 years. Saudi Arabia began
exporting oil to international markets in 1938. GAS Oil Company was renamed again in 1944
to become Arabian American Oil Company (ARAMCO). B348, four American oil companies
obtained shares in ARAMCO. The splits were 30%, 3@%%, and 10% for Texas OiIl
Company, Standard Oil of California, Standard Gl New Jersey, and Socony Vacuum,
respectively (ARAMCO 2006). In 1968, the governmehtSaudi Arabia started to negotiate
with ARAMCO to have some share in the company. By3l the Saudi government owned 25%
of the oil concession. This share increased to 60%974. The Saudi government has had full

ownership of ARAMCO since 1980.

1.2.2 The importance of the oil sector in Saudi Araia
The social and economic improvement of life for 8eudi people is associated with the
discovery of oil. Prior to this discovery, the matp of the Saudi people lived in semi-desert
territories. As oil became increasingly importamtthe economy, which is typically associated
with increases in the standard of living, the peaphdually began to move into urban areas.
Empirical evidence supports the significant roleil in the economic development of
Saudi Arabia. High government oil revenue help8riancing the building of infrastructure and
development projects which often require large am®wof capital investment. As a result,
economic growth in Saudi Arabia is affected by goweent oil revenue. In 1973, Oil Gross
Domestic Product (0il-GDP) accounted for approxghatsixty percent of the Real Gross

Domestic Product of Saudi Arabia.



Figure 1-1 presents the share of oil-GDP in t&BP and share of oil revenue in total
government revenufeThe dashed line shows that the percentage of DP-Gecreased over the
last three decades, although oil-GDP continuesotdribute about thirty percent of the total
GDP. The highest share of 0il-GDP in total GDP ol during the period of 1971 to 1973.
Thereafter, the percentage of oil-GDP drastica¢liled. The share of oil-GDP reached 43
percent in 1975 compared to 51 percent in 1970.lIGWwest share of oil-GDP in total GDP was
18 percent in 1985. During the past five yearspleentage of oil-GDP in total GDP has never
exceeded 29 percent. Since the 1970s, policymakersSaudi Arabia have adopted
comprehensive plans in order to achieve econonversification (Ministry of Economic and
planning, 2006). The decreased percentage in oP-Gias a result of the efforts by
policymakers in Saudi Arabia to diversify economasources.

Figure 1.1 Share of Oil of Total Government Revenue and GDP
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Source: Saudi Arabian Monetary Agency for the paiage of oil revenue, annual report, 2005, the
Ministry of Economics and planning for the perceetaf oil-GDP.

2| calculate the percentage as follows, for shafesl revenue to total government revenuex@ R « 100 Where
TGR

GOR is government oil revenue and TGR is total gowvent revenue. Also, the share of oil GDP to TGRP as

OGDP «100 Where OGDP is oil-GDP and GDP is Gross Domestix Bct.
GDP



The Saudi economy’s reliance on oil revenue enalgebicymakers to finance
government expenditure on development projects.celenil revenue largely contributed to
fixed capital investments, especially during th&a€ In addition, the solid line in Figure 1-1
reveals that the percentage of government oil neeenreached 94 percent of the total
government revenue in 1974 in comparison with 88cqrd in 1969. This increase in the
percentage of oil revenue is attributed to thepuite increase of 1974. The percentage of
government oil revenue has fluctuated over timejtzontinues to be high and important to the
level of the economy. However, the percentage bfrerenue in total government revenue
dropped to 66 percent as a result of the increas®al government revenue from other sources.
The percentage of government oil revenue declireghing fifty-six percent in 1998, due to
low oil prices.

The definition of total revenue R = P* Q, whereP represents the price, alis the
guantity produced, From this equation, one cartlsaeit is vital to closely investigate the world
oil price and oil production for the country of $&awrabia as well as other producers in the

international oil market.

1.2.3 World oil prices and Saudi’'s production

There is no doubt that Saudi Arabia is an importarhponent of the international oil
market in terms of its relatively large productapacity, enormous oil reserves and its distinct
position in OPEC. However, given the enormity of til market and vast array of forecasting
on price, it is nonetheless a reasonable approximab assume that Saudi Arabia is a price
taker in this market. When comparing the trend©RPEC with Saudi’s production to OPEC
without Saudi’'s production (Figure 1-2), | notice mignificant disproportionate change in the

trend. For example, oil production by OPEC and OR#&Gout Saudi production decreased in



1974. The decrease in OPEC production without Sapdoduction was in greater proportion
compared to the increase in oil production by Salmdaddition, oil production declined in 1980
by 3.99 and 4.36 million barrels for OPEC with Sapcbduction and OPEC without Saudi
production respectively, while oil production inased by 370 thousands and 580 thousands
barrels for Saudi and non OPEC countries, respsgtiv

Figure 1.2 Oil Production by Producers
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Source: BP statistical review of the world oil irsthy (2006)

Therefore, Saudi Arabia is a member of OPEC, buthedominant factor in OPEC's oll
quantity produced over time. The increase in Saudll’ production did not have any significant
impact in preventing the oil crisis of 1973-1974t prices peaked during this period (Figure 1-
3). According to Alabeed and Ateeah (1994), thénldgce of oil in the 1970s was due to many
reasons including the increase in world demand dibrdue to industrial revolution and
accelerating economic development, the fact theatthited States became a major oil importer
in 1970, and the increased use of crude oil asvawmaterial for many petrochemical products.
Also, during 1979-1982, Saudi’s production of odssteady, while prices rose significantly due

to the Iranian revolution. In addition, Alabeed afitteah (1994) indicate that low oil prices



during the 1980s could be attributed to the in@eiastechnological efficiency in the use of
energy and the sluggish state of world economieities, specifically in industrial countries.

The sharp decrease in oil prices in 1985 was at&ibto a variety of factors, including
an increase in production by non-OPEC producergjeiodemands for energy, and the
depreciation of the U.S. dollar (Alabeed and Ate£294)

Figure 1.3 Real World Oil Price
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Source: Organization of Petroleum Exporting CaaatOPEC (2005).

In 1988, Saudi production and world prices movedhie same direction. Since the
second Gulf war, Saudi production has been stedidlg \wmternational prices have fluctuated and
have recently shown a tremendous increase. In 23, oil prices (nominal prices were
adjusted using the consumer price index for indalstountries and 1970 as the base year)
increased by 25% to reach 6.8 dollars per barrebmparison to about 5.44 dollars per barrel,
the price from previous years. Real oil prices @ased approximately 91% from its price in
1975 and 52.7% from its price in 1980, while thal price of oil increased about 74.5% from its
price in 1975 and about 43.1% from its price in@9Buring the last couple of decades, real oll

prices reached their highest record in 2004 anid ltheest in 1998 (SAMA 2005).



According to the IEA, estimated world oil productiancreased by 4.2% in 2004
compared to 2003. The contribution to this increseorld oil production resulted from the
increase in OPEC’s production of 7.5%, while thedoiction by members of Organization for
Economic Co-operation and Development (OECD) aed.thited States decreased by 1.6% and
1.9% respectively. Also, production increased fon+®©PEC producers, mainly the former
Soviet Union countries, whose production incredsg®.4%. In addition, production increased
by 2.4%, 3%, and 1.1% in China, Canada, and Mesaspectively.

The recent price jump is attributed to politicatability in the Middle East and recent
high economic growth in India and China. Therefoiggn argue that despite Saudi’s big role in
oil production, empirical evidence shows that ishévior as a major oil producer has an
insignificant impact on oil prices.Hence, oil prices can reasonably be modeled agemous to
the Saudi economy. Also, the correlation betweandBaoil production and world oil prices is
positive, but if scaled is 0.16. As Barsky and &li(2004) point out, “it is commonly believed
that there is a close link from political eventstiie Middle East to changes in the price of oil.”
According to Guo and Kliesen (2005) “A vast majprif the largest daily oil future price
changes in our data are associated with exogen@msesuch as wars or political instability in
the Middle East.” The argument that the significaflitprices changes are largely driven by
exogenous forces is also supported in a numbetudfes such as Hamilton (1983 and 1985).
Schmidt and Zimmermann (2005) indicated that tla@iém revolution in 1979 -1980 was an
exogenous force that led to a shock in world aitgs. In addition, the invasion of Iraq by the

United States in 2003 was an “exogenous sourc#ieoshock in market oil prices.

% This evidence is supported by econometrics tests) as causality test, after choosing the apptplag length
based on SIC and AIC criteria. Results relatedhi®is presented in chapter three.
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1.2.4 World oil prices and Saudi economic performace

Saudi policymakers achieved some success in inogeabe degree of economic
diversification in Saudi Arabia, yet the share df@DP never went below 26% of its output
over the last three decades. Given the fact tremetionomy of Saudi Arabia depends upon the
export of oil and that world oil prices fluctuatees time, the rate of economic growth for the
country is also expected to fluctuate.

Figure 1-4 reveals that during the 1969-1973 pettioel Saudi Arabian economy grew at
an accelerated rate. The high level of economievtirovas due to the low level of economic
development during that period. This period carcharacterized as a period of high economic
growth with an average annual growth rate of 18%e Tsecond period, 1974-1982, is
characterized as moderate economic growth, witavemage annual growth of 5%. The period
of 1983-1999 is characterized as a period of loawin, with an average annual increase of 1%.
From 2000 to 2005, the Saudi economy grew an aeevdd% annually.

Figure 1.4 Percentage Growth of GDP
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Figure 1-5 shows that the growth rate of per capi¥ fluctuated during the 1970s and

continues to show no trend afterwards.
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Figure 1.5 Real Per Captia Growth Rate of GDP
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Figure 1-6 provides insights on the decompositibaieGDP and non-oil-GDP over the
past three decades. The growth of oil-GDP showsenolatility relative to the growth of non-
0il-GDP and the movements are rarely parallel thesther. This does not support the existence
of capital interaction between the oil-GDP sectuwdt aon-0il-GDP. In addition, the high growth
in total GDP in 1970 is accounted for in large fgrhon-oil-GDP. Thus, the high growth rate in
the 1970s could be attributed to what is knownrassitional growth in the non-oil sector. From
empirical evidence of economic growth in Saudi Aaabargue that the Saudi Arabian economy
is getting closer to its long-run balanced growdlhp

Figure 1.6 Decomposition of GDP Growth
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Progress, with respect to economic diversificatiappears in the increasing weight of
non-oil-GDP. Therefore, there is no doubt that haghprices early in 1970 had significant
impacts on Saudi Arabia’s infrastructure, given éixédemely low level of country development
at the time. However, this does not necessarilynbat oil price volatility is quantitatively
important to the overall volatility of the Saudialkian economy. As mentioned above, a key

point of this chapter is to address this issue.

1.2.5 The importance of the non-oil sector in Saud\rabia

In many circumstances, the economy of Saudi Argseav even when the price and
production of oil decreased. For example, althotinghworld’s real oil price declined by 51% in
1986, the economy grew at the rate of 5%. In aalijitdespite a decline in both oil prices and
production by 1% and 10% respectively in 1997, ékenomy continued to record an annual
growth of 3%. Hence, the economy of Saudi Arabibased on more than just oil. Indeed, the
majority of jobs created in Saudi Arabia are in then-oil sectors. These new employment
opportunities include service, educational, andigtidal occupations. In addition, the increasing
number of tourists arriving in Saudi Arabia, espégi Muslims traveling to the two holy
Mosques in Mecca and Medina, exceeds seven miéhary year. The total expenditure on
tourism reached about 9.5 billion dollars in 2084greme Commission for Tourism, SA).

As a result of some economic polices, the Saudn@ty has been successful in
overcoming the sharp fluctuations in the worldrodrket and downturns in oil revenues during
different periods. This would not have happenethovit continuous growth in non-oil-GDP.
The share of non-oil-GDP in total GDP grew from 3d&6ing the 1970s, to about 70% in 2002.

The non-o0il-GDP consists of two sectors, the governt sector and the private sector. In 2005,

4 Only post-2002 data about tourism is available.
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the private sector constituted about 53% of thalt@&DP, while the government sector
constituted about 18%. Based on the above face krgue that the non-oil sectors have played
a quantitatively crucial role in the Saudi economy.

In the next section, | briefly present the develeptof real business cycles theories and
their distinctive features. Further, | consider twntribution of macroeconomic literature in

explaining the values of various shocks on diffesmall open economies.

2.1. Literature Review

The baseline real business cycle was extendedtiierRamsey—Cass—Koopmans Model.
Hence, in Real Business Cycle (RBC) models, theséloold maximizes its utility as a function
of both consumption and leisure. In addition, besscycle models are distinctive for including
shocks in the model to allow fluctuations to theoremmy. For example, with positive
productivity shocks, the household may work morease leisure becomes more expensive.
According to real business cycle theory, the ecdaoditnctuations are Pareto Optimal and
require no government intervention. In a scenahens there is no shock to the economy, it will
converge to the non stochastic balanced growth path

Many studies extend the baseline real busines® aeycldel through a composite labor
component in the labor force by applying differdefinitions. Rogerson (1988), Hanson (1985,
1992), and Wright (1992) show that allowing moreiafaility in labor as a function of shocks
will improve the fitness of Prescott's model (Rom2001). Furthermore, other studies discuss
business cycle aspects in both developed and gengloountries. A few studies (Baldini, 2005)
have examined the real business cycle featureliproducing countries. Other studies (Kose,
2002) have discussed the aspect of business aycksall open economies. In this section, |

present the studies relevant to the subject in dategories. Part | contains studies discussing
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business cycles in major oil exporting countrigs.Part 1, | present studies that attempt to

explore the sources of business cycles in smat egenomies using RBC models.

Part |

Baldini’'s (2005) study examines the stylized faaft$he business cycle in Venezuela. He
compares the fiscal policy behavior in Venezuelthva “selected group of emerging market
economies” and studies the behavior of the fiscal policy dgrthe business cycle. To achieve
these objectives, he uses a modified Hodrick-Pteditter, and band-pass approach. Baldini
uses quarterly data for Venezuela covering theoget®90-2003. The data in real terms includes
aggregate GDP, non-oil GDP, oil GDP, world oil pacaggregate revenue, oil revenue, non-oil
revenue, seigniorage, aggregate expenditure, amaoy expenditure, and non-oil primary
expenditure. Baldini finds that non-oil primary exaliture, which contributes 80% of the
aggregate expenditure, to be procyclical and p@diticorrelated with aggregate GDP up to
50%.

Moreover, his results show that there is no coti@abetween oil revenue and the non-
oil primary balance. He concludes that fiscal pofalowed the “optimal path” during the entire
era of the study. However, the study shows thetenge of high fluctuations in non-oil primary
expenditures as well as reasonable correlation eiittrevenue, implying that during 1995-2003
the fiscal policy was “deviating from an optimakip&

Bjorland (2000) studies business cycles in Noniidye author investigates the stylized
facts of business cycles using different de-treqpdechniques. The study uses quarterly data
covering the period from 1967:01 to 1994:01. Faegsn the Hodrick-Prescott filter method,

the author finds that investment is more volatilant consumption, and consumption is more

® This includes Southeast Asian countries, Pakidtatia, Brazil, Morocco, Chile, Jordan, Argentitiruguay,
South Africa, Turkey, Colombia, Mexico, Egypt, dAdnama.
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volatile than output. Bjorland points out that comption and investment are procyclical under
all de-trending methods. Also, the author inveséigaaspects of international business cycles by
examining the cross correlations in output betwemvay, Finland, Sweden, Germany, UK,
and US. The findings suggest that the output inwdgris procyclical to the output in all

countries included in the study.

Part |1

In Kose’s study (2002), he attempts to answer thestion of how much world price
shocks explain business cycle fluctuation in ndregporting developing countries. The author
builds an RBC model where there are five shocksluging shocks in the relative prices of
capital, intermediate inputs, the world interes¢ rand productivity shocks in the sectors of non-
tradable final goods and primary goods. An impdrtamg to point out in Kose’s model is that
he allows the country to experience the possibiifyhigh spending and investment levels
financed through borrowingMoreover, the author endognizes the discount faictcachieve
stationarity. The annual data for the paper co@n@n-oil exporting, developing countries for
the period 1970 to 1992. The data were not avail&i the labor hours worked variable, thus
the author used an employment indicator as a piage presents the business cycle properties
for macroeconomic variables after applying the HddrPrescott filter (HP) to de-trend the
data. He then compares the measures of volatititlyc@-movement obtained from the real data
and those from the RBC model with five shocks. Kgses on to compare measures for the data
with those obtained from each of two models—thst fwith price shocks and the second with

productivity shocks.

® For example, if the agent lives only two peridus/she can consume much in the first period anesinmuch in
the same period by allowing him/her to borrow; teislone by including a capital adjustment costtiga in the
model.
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The results from the model with relative price dt®tend to be closer to the actual data.
Further, the author utilizes the shocks varianceongosition methodology to find out how
much the relative price shocks explain the vanmtio some macroeconomic variables. The
findings support the importance of the relativee@rshocks, which explain up to 88% and 90%
of the variation in output and investment, respetyi Finally, Kose examines the impulse
response function and indicates that a one starddanation temporary increase in productivity
will result in output, consumption, and investmemdreases of about 2%, 0.8%, and more than
2%, respectively. In addition, he shows that ameiase in the relative prices of both capital and
intermediate inputs shows an impact of a negatigdywctivity shock scenario.

Mendoza (1991) investigates the ability of a theca¢ RBC model to mimic the stylized
facts of the Canadian economy as an example ofal ppen economy. The author induces
stationarity to the model by endogenizing the distofactor. Thus, individual preferences
depend on the past consumption. Mendoza indich#deaving the discount factor constant will
cause either a non-stationary equilibrium “if théerest rate and the rate of time preferences are
not preset to be equal, or if the two are equal etonomy is always at steady state equilibrium
that is consistent with any initial level of foraigasset holdings.” Mendoza adds the capital
adjustment cost to allow some variability for intreent giving the advantage of imperfection in
financial markets. He examines the role of shoaksdth the world real interest rate and
productivity. The author calibrates most of thegpaeters in the model. Some of the parameters
used in the study were obtained from other studigs. world real interest rate was taken from
Kydland and Prescott (1982), while the parametercfapital accumulation adjustment was
chosen after many simulation attempts. Mendozadsvoesing the Solow residual as a measure

for productivity because it produces high varidpilior the case of the Canadian economy.
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Mendoza uses annual data from 1946 to 1985. Thenfys support the lack of importance of the
world real interest rate shocks in accounting &al business cycle fluctuations. However, the
paper finds the importance of allowing capital analation cost with a small value for its
coefficient. However, the model does not mimic sde@ures of the real data.

In contrast to Mendoza (1991), Blankenau et. #1012 found that the world real interest
rate can be important in explaining business cyirles small open economy. The objective of
their study is to examine the importance of thelevozal interest rate in a small open economy
using a different methodology but a similar dynarsiochastic general equilibrium model as
Mendoza (1991). The authors include four exogenshmcks in the model. The exogenous
shocks include world real interest rate shock, patigity shock, preference shock, and
depreciation shock. The authors use the modeldk bat realizations of the effective world real
interest rate. They apply the theoretical modethis Canadian economy using quarterly data
from 1961 to 1996. The authors use the variancerdposition following the recursive ordering
approach to examine the importance of the worltlirdarest rate. They find that shocks to the
world real interest rate explain approximately ¢mied of the variation in output and more than
50% of the variation in net exports.

Schmidt and Zimmermann (2005) examine the impodarioil shocks in explaining the
business cycles in Germany. They build a DSGE malifl@lving for world oil price shocks. The
authors calibrate most of the parameters in theelmodthe German economy. They also account
for the degree of economic openness by using a intbdeallows for Germany’'s economy to
change from closed to open during different timemfes. They split the period from 1970 to
2002 into two segments: 1970 to 1986 and 1987 @22Uhe difference between these two

models is that the interest rate is endogenous fdosed economy and exogenous for an open
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economy model. In addition, they use different galwf capital adjustment cost as needed to
mimic the investment to output volatility. The cdaseconomy model was able to mimic some
stylized facts of business in the first sub-periatijle the open economy model did a better job
in the second sub-period. The findings did not supgthe importance of oil price shocks in
explaining business cycles in Germany for the tulm-geriods. The oil price shocks explain only
15% in the first sub-period and only 8% in the seteub period.

Kose and Riezman, (2001) investigate the role afldr shocks on some African
economies. To achieve this objective, they builtba-stationary DSGE Model for a small open
economy. To overcome the non-stationarity problerineir benchmark model, they de-trend the
artificial data using a Hodrick Prescott filter. &Hramework of the model consists of five
shocks. These shocks include shocks to prices pdress imports, intermediate inputs, world
interest rate, and productivity shocks. The authdgcate that including shocks to both export
and import prices is a better method than usinglshdo the terms of trade. They find that
shocks to the terms of trade are not important xplaning business cycles in African
economies, as Mendoza (1995) indicated.

Kose and Riezman, (2001) calibrate their modeigughe Solow residual as a proxy for
the productivity and the London Interbank Offer &kat real terms for the world real interest
rate. They use the world real interest rate tobcale the preference paramefer,from first
order conditions (FOCS)The benchmark model was successful in mimickinmes@f the

business cycles features in African economies. Sthdy finds that the trade shocks explain

" The model is not stationary, and hence the fideéocondition (FOC) with respect the debt willlgie

1 :
L= ) where both3, andr are exogenous in the model.

@+r
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about half of the variation in output. The findindgsl not support the importance of the world

real interest, as it explains less than 1% of owpuability.

3.1 Theoretical Framework

Although the existing literature investigates besmcycles in small open economies, the
research neglects oil exporting countries. Schamt Zimmermann (2005) perform a relevant
study on the effects of world oil price shocks ba German business cycle, while other papers
show the effects of oil but not in a general etuilim framework. This chapter investigates
whether or not oil price shocks are important iplaxing business cycles in Saudi Arabia using
a general equilibrium approach.

Business cycle theorists explore the features araggonomic fluctuation in small open
economies using a microeconomic foundation. Ma@wemic fluctuations result from
exogenous external shocks that affect the actibragents as they maximize their welfare. In
this chapter, | build a Dynamic Stochastic Gen&mulilibrium (DSGE) model with shocks to
the total oil revenue and productivity. The reabiness cycle (RBC) model utilizes a similar
framework as previous studies in the literaturad®&tr 1994). Initially, | present a non-stationary
DSGE model for a small open economy. Then, | indste¢ionarity in the model and allow for
capital adjustment cost. Next, | present a DSGE ghtitht accounts for shocks in the world

price of oil and the log linearization of the modéethe non stochastic stationary point.

3.1.1 Nonstationary model for a small open economy
For two reasons, | briefly present a standard RB&lehthat differs from the model |

use. First, this will make clearer how my modelid&s from the standard model. Secondly, it
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allows me to demonstrate why this model becomesstationary when adapted to the small
open economy framework. This will explain the néadendogenizing the discount factor.

In the standard model, the economy consists ofrgelaumber of infinitely lived
households. The technology used in production & standard Cobb Douglas production
function that consists of capital and labor. Whis ttechnology, the labor share is assumed to be
constant, which is consistent with the empiricatience of the stylized facts that labor share is
un-trended (Kaldor, 1961).

Hence,
Y. =Akn"
where y, represents output per effective unit of labAyrjs a technology scalar such

thatA, ~ (0,1), k, is physical capital per effective unit of labordan is the time a representative

agent spends in workinge is the capital share such that o < 1.
This model assumes that there is only one typeajenous shock. This productivity

shock is assumed to follow an AR(1) process:
INA, = p,InA,_, + &
where0 < p, < lande!~NII (0,67),&" € (0,1). The condition concerning the coefficignt, k 1

is required for stationarity (Enders 2004).

The capital accumulation equation is
K.,=1i +@-0)k,.
where k, ,represents the physical capital stock at the suleseqperiod which is the
combination of the current investmerlus the net of current physical cap{tat o)k, and

o € (0,1) represents the depreciation rate.
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Since | have an open economy, | enable the agamade in bond markets according to
the world interest rate. Therefore, the net tragleagon is:
NT =B -1+ )b,
where NT represents the net trade in bonds,indicates the bonds current period, anis the

rate of return on bonds.

We rule out a Ponzi game, with the following tragrsiity condition.

lim EI#SO
B B [
t=1

where E, is the expectation operator. With no Ponzi ganaen inot allowing infinite borrowing

at a high interest rate because “it would be sub@btfor households to accumulate positive
assets forever at rateor higher” (Barro and Sala-i-Martin 2004).
The objective of the representative household isnéximize the discounted expected

lifetime utility:

max U=Eiﬂ{[ct_ni/f]w—1} ‘

where c, represents the current consumption, ans labor hours such that the representative
household constraint i, +1, =1 where |, is leisure time. ' is the discount factor rate
whereD< S <1, and 6 is the parameter of intertemporal elasticity obsuution for labor
supply, wher@ > 0. y is a scalar. Also, | can write the resource canmstas:

y . =@+r, )b, ,+C +i,-Db,.

Thus, the representative household uses the iti@mahbond market to smooth consumption

over their time horizon.
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As this is a Walrasian economy | solve the sodehiper problem, which is simpler. The
social planner choosef,,n.h, Y, k., i :t=0to maximize the expected lifetime utility

subject to the resource constraint. The typicaho@tlogy for solving the problem is first to set

up the Lagrangean as follows:

Y. H["t‘”’i/jf] l@‘l}zt(At =L 1)k -G K - (1-5) K)] ,

where, /4, is the Lagrangean Multiplier for the constraintiete t .

The First Order Conditions (FOCs) &r, n, ,b, , k,,,, andi, respectively, are:

A=le - /417", (1.1)
[c. /2 "W =4 Al-a) k" n®, (1.2)
A = BA+1)E A, (1.3)
A = PE A | Akl nT +(1-6)], and (1.4)
Vi = (1+ rt—l)bt—l+ G+ kt+1_ (1_5)K - b (1-5)

To see the problem with non stationarity in the elp@onsider equation (1.1). This

shows that in a steady state wittand n constantd, will need to be constant. Equation (1.3)

shows thati ,=1,,, occurs only itB:li. Thus, eithergor r must adjust to allow this
+r

condition to hold. In a closed economy modelis endogenous and adjusts. In an open economy
model,r is exogenous by assumption. Thus, | either neetidose a different theoretical model

or I need to endogenize.

To induce stationarity, | endogenize the discowautdr using a modified version of
Uzawa’s preferences (Schmitt-Grohe and Uribe 2@33)n Mendoza (1991) and Kose (2002).

The model is said to be stationary when its stestdfe values are independent of the initial
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condition. Stated differently, the stationaritytbé model occurs when the long run effect of a
shock is eliminated.
Hence, | induce stationarity in the model by endagjag the discount factor using a
modified version of Uzawa’s preferences as follows:
Vg = B¢, n)v,, t >0 wherey, =1,
wheregs, is the discount factor that is a function of thgent's past consumption. Formally,

f can be defined as follows:

ple.n)=Ml+6-n/x1",
where ¢, represents the current consumptign,is a scalar, and2 is the elasticity of the

discount factor with respect ta — y 'n” . The parametef2 determines the steady state values
of the model and the speed of convergence to thg h@lance growth path (Schmitt-Grohe and

Uribe 2003).

3.1.2 Stationary model for a small open economy witphysical capital adjustment

I modify the above simple model in important wagsgenerate what | call the baseline
model. As mentioned above, to induce stationaréggdogonize the discount factor so that it is a
function of average consumption and labor hourke ilea of endogenizing the discount factor
has been used in studies such as (Mendoza 1991(Kasd 2002). As stated by Helpman and
Razin (1982), in the case of disequilibrium asdedavith non-stationarity where the discount
factor is greater than the exogenous internationtatest rate, the agent will intend to decrease
foreign assets which will decrease future consumnptiTherefore, “the constant-discount

representation of preferences can not producewatttdefined dynamics” (Mendoza 1991).
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The above model does not allow for cost adjustroéiie physical capital. The capital
adjustment cost introduced by (Mendoza 1991) isleédo overcome the problem of massive
investment volatility in response to changes in ititernational interest rate. This is discussed
further in the next subsection. | have introducedapital adjustment cost to avoid enormous
volatility in investment in response to changesthe international interest rate. Since the
economy is open to the world, there is no restmcon foreign ownership of domestic capital.
This also implies that the domestic agent can tiadthe international market at the given
international interest rate.

The resource constraint can be written as:

yt_r(k1+l_ kl) = (1+ rt—l)bt—1+ct+ it_bt '

where I is the physical adjustment cost parameter. Theuree constraint states that
consumption, investment, and net trade balanceotaumpass the gross domestic product minus
the adjustment cost.

With this configuration of adjustment costs, thestcof
changing the capital stock by a fixed amount ineesawith
the speed of the desired adjustment, giving agemts
incentive to undertake investment changes gradu@ihys
allows the model to produce fluctuations in thatiek price

of investment and consumption goods, which is glvethe
marginal rate of technical substitution betwégrandc, .

(Mendoza 1991: pp 800)

These first and second changes from the model pes@bove are in the line with what
is done in the literature. The third modificationthis chapter is added to investigate the role of

world oil prices in explaining business cycles eu8i Arabia. To address that issue, | consider
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the total revenue from oil in the model. Specifigahe oil price shocks can be captured by total
oil revenue. The Saudi Arabian oil revenue depemdshany factors including the share of the
Saudi production in total world oil production aslivas world oil prices that are exogenous to
the Saudi economy. Thus, oil revenue enters theshasdan exogenous variable.

3.1.3 Stationary model for a small open economy witboth a productivity shock and
an oil shock

With these modifications, the economy consists darge number of infinitely lived

households. The technology used for productiomvel a Cobb Douglas form:

y. =AK'T“+R.
The y, represents total output. Th& , k,,andn, are productivity shocks, physical capital, and
labor hours, respectively; together, they repredeatnon-oil GDP.R, is oil revenue and is

treated as an exogenous endowment in the model.
In this model, the economy can be hit by produstishocks and oil revenue shocks

where both shocks follow an AR(1) process:

1
t

INA, = p,InA _,+¢

and

2
t

INR, = p,INR,_,+¢

whereO< p, <1, and 0< p, <1, & ~NIl (0,67),&' € (0,1), and&?~NIl (0,55), &’ <(0,1). The
restrictions concerning the coefficients of the ARgrocess for both shocks,wherei =1,2,

need to be less than unity in absolute value.

The capital accumulation equation is
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K.,=i, +@-90)k,,
where k,,, represents the physical capital stocks at timel, i,is the current investment,
(1-0)k,is net physical current capital and represents the depreciation rate such that
0 €(0,1).

The representative household is able to borrowtalap build investment from the

international market. Hence, the net trade equagion
NT =h -1+t )h 4,
whereNT represents the net trade in bonksjndicates bonds current period, ands the rate

of return on bonds.

| disallow an unlimited borrowing by ruling out tiR®nzi scheme:

lim E, IL <0.
o TTasn
t=1

In addition, | can eliminate the individual impast discount rate by endogenizing the discount
factor with no internalization. This formulationused by Schmitt-Grohe and Uribe (2003).
They pointed that “..... the discount factor depemaisupon the agent’s own consumption and
effort, but rather on the average per capita levelbese variables”. They indicated that
inducing the stationarity in either way will yielde same results.

Using notations, | write preferences as follows:
v, = p(C.,n\)v,, (2.1)
t >0 wherey, =1,
wherec, and fi, represent the average per capita consumption aod @urs respectively which

iSs exogenous to the representative agent. Momfegadly, | define
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BE R)=[1+G - /] "
Then, | use the Lagrangean multiplier, where tlmad@lanner maximizes the expected lifetime

utility subject to the source constraint in the remoy:

1-0

{[ct -1/ 7] ”—1}
L= Etin
T AAker e R b B e K 0-0) ko (K )

whereT represents the parameter of capital adjustmentacmsI"(0) = I' (0)= 0 by assumption
(Schmitt-Grohe and Uribe, 2003).

The FOCs forc, ,n , b, , Kk, ,,and 4, respectively, are:

A=l -0/, X3
[ - /2" =Al-a) AK p”, (3.2)
Vtﬂt = t+1(1+ r )Etﬂul’ (33)
AT . K% =11 BA @A KS 0+ (1-6)+T (K - k)], and (3.4)
b = (L4 R0+ G - (- 8)K 4 (k- K- A K - F (3.5)

Using the functional form for (2.1) in (3.3) an@.4) so that the FOCs for

c..n,b,,k,.,,and 4, respectively become:

A=[c—nw/a17", .1
e - /a1 0= Al -) AKT R (4.2)
A =46 =%/ P14 B A, (4.3)
AT, k)| =[S T A Bh 2 A K Bi+(L-0)+T( k- k)]and (4.4)
b = (L4586 - (00K 45 (k- K= A K A7 R (4-5)
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Since | will solve this system by log-linearizatiaround the non-stochastic steady state,
| first solve for this steady state. At the steathte, | haves, =c, andf, = n, which implies that

in equilibrium, agent and average per capita compsiam and labor hours are the same.

Hence, FOCs at steady state become:

A=[c-n*/,17", 5.9)
[c—n*/x] ‘W r=A1-a)k*n?, (5.2)
1=[1+c—n*/x] *(@+7r), 35.
1=[L+c-n?/z] [ak™'n"“+(1-5)].and (5.4)
k*n**+R=rb+ c-5k. (5.5)

From (5.1) and (5.2) | have
n*'=1-a)k*n . (5.6)

Equation (5.6) implies that marginal product ofdaks equal to the marginal rate of substitution
of work for consumption. Also, at the equilibriuthe marginal product of labor is equal to the
real wage.

Equations (5.3) and (5.4) give:

]¥> . (5.7)

Equations (5.7) into (5.6) give:

n=l- @)L

The Euler equations are:

1 x

c=(@+r)e+2=_1 and
pe

From (5.5):
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_Ak“n"*+R-c-5 k
r

b , wherei =6k .

Now, | have steady state values for consumptionkamtis depending on the initial values and

on the exogenous deterministic components. Thelgtstate for 1 is obtained directly from
(5.1).
Given this steady state, | then log-linearize atbthe steady state. | definapzln(ﬁ ,

where 1 is the steady state values and other derivatireedefined similarly. The log-linearized

version of the FOCs are, thus:

A ==0mn|exp€)- 2 (exp@ )" |, (6.1)
—mqgaﬁ)ig%emﬁ)q+uejﬁ=2+|m}a}aﬁ—ah+k, (6.2)
G ==QIn| 1+ exp€ )~ 27 (exp ) |+ I 2 1)+, (6.3)
Jrin 1T epk .- ok )= 1 & el 37 ef())] i
+In{aexp(A+l)(e>§néK+l)) exp.J)) "+ @6 3 efk,)- e@g]))} o
f - [aﬂ)exp(q) o5+ oft)+ off)+( effis)- e(xg,))z} and (6.5)

Vi =k (6.6)

Note that | have introduced thé notation in equation (6.6). This allows me to halleitems

with eithert ort +1 subscripts and reduce the system to an AR (1)esgcsiven this system of

equations, | follow the methodology for solving tegstem outlined by Heer and Maussner

(2005).
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Using that methodology, this step follows the logehr approximation for steady state

FOCs. |write (6.1)-(6.6) in the following matnpotation:

C,u =C,, B‘} C,z ,and (7.1)

X X
DxﬂEt|: 1+1:|+ Fxﬂ |:ﬂ.::| = DuEtut+l+ Fuut+ Dz Et ZH1+ Fz Zt - (72)

+1

In the above two systems, the variablesx, , 4, , andz, are defined as follows:

o[t

n,
whereu, is the matrix for the control variables in the modie the model, there are two control
variables, consumption and labor hours. The natati§ ,and n, represent the percentage
deviation of consumption and labor hours from tteady state respectively.

In addition, x,,and A represent the state and co-state variables, résplgctthat are

defined as follows:

and h :V}

wherek, andh_,represent the log-linearized state variables ardbedteady state. The co-state
variables/ft ,andV, are log-linearized around the steady state. Furtbee, the matrix of shocks

are represented lay, = H z, ,+ ¢, §~N(OA), whereA represents the values for the

standard deviations.
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The system given in (7.1) considers only the FQ&s, fandn,. TheC,,C,,, and C,
matrices contain the coefficients for control vhlés, state and co-state variables, and shocks,

respectively. The system given in (7.2) considemdy ahe FOCs fok,,,, b, ,andi . The
D,.D,,,andD, matrices contain the coefficients for control aaies, state and co-state
variables, and shocks, respectively, wig, F,,andF, contain the coefficients for state and co-

state variables, control variables, and shockpe@s/ely.

The next step is to compute the policy functionfollews:

X1 =LoX + L2, and (8.1)
¢, . .
. | =Ly X+ L,Z,. (8.2)
n

Equation (8.1) states that physical capital st@tkhe subsequent peridﬁjﬂ, and bondd, are
functions of the physical capital stocks, produttiand oil shocks. In addition, Equation (8.2)

states that consumptiaf, and labor hours), are functions of the physical capital stocks ared th

series of the shocks specified in the model at time

More specifically, given equations (7.1) and (7.8) Gauss program calculates the

vectorsL,,,L,,,L,,and L, to set the policy functions, where the series efshocks follows

XX ux?

Z, =97 ,+¢ . Therefore, | set some starting values for statgables then iterate over these to

get paths for endogenous variables given a sequdrstecks.
To implement the baseline model, | began with tla&$5 program provided by Heer and
Maussner (2005) and found that their program wasgded for a closed economy model with

only productivity shocks. Then, | made changedltoefor the model where the discount factor
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is not constant and with the capital adjustmentt éesincluded. The program was further
modified so that it could handle both productiatyd oil revenue shocks. Finally, the model was
solved numerically.

To solve the system numerically, | had to determragies for the parameters of the
model. | used data drawn from reliable sourcesthed applied the Hodrick- Prescott (HP) filter
to de-trend the data with proper specificationtfoe annual data. Next, | calculated the cyclical
component of the data. “The benefit of the Hodfrlkescott decomposition is that it uses the
same method to extract the trend from a set oabées. For example, many real business cycle

models indicate that all variables will have theneastochastic trend. ” (Enders 2004: p. 224).

3.2. Calibration

In order to solve the model, | need to specify ealdor the model parameters. In this
section, | discuss the calibration of the paransetes well as the parameter values that | obtain
from the literature. First, | calibrate the produity shock A, using the Solow residual:

logA =logy, — (1-a)logn .

I omit the capital stock from the Solow residualiatipn for many reasons including data
on capital stocks that are not available. Alsopfit stocks contribute very little to the cyclical
fluctuations of output” (Backus et al., 1995). Tsteare of capital in output is often between 0.3
and 0.36 (e.g. Mendoza, 1991, Blankenau et al.12B8ckus et al., 1995). Following Mendoza
(1991), | setr =0.32. Then, | used the residual of the AR (1) procesdHe Solow residual to

calibrate the standard deviation for productivitpek,c,, as follows:
InA, = p,InA,_,+¢.

The estimated AR (1) process for productivity ygeld
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In A, =0.63InA, ;.
The results indicate that, =0.059.
Second, | calibratgp, and o, for the oil shockR, using the AR (1) process:
INR, = p,INR _,+¢?%.
The estimated AR (1) is:
InR, =0.65InR,_;.

The results indicate that oil revenue is persistaitt a coefficienp, =0.65 When the
standard deviation is calibrated;,=0.05. Specifically, this is the standard deviatminthe
residual in the above regression. Since data fgsiphl capital stock are not available, it was not
possible to calibrate the depreciation paramétefFollowing Kose and Riezman (2001), | set
6 = 0.1; this value is often used by others in thexditure.

Furthermore, | set the capital adjustment costfoeft I to the desirable value to
mimic the investment to output volatility. This appch is commonly used in the literature
(Schmidt et al., 2005; Mendoza, 1991). Followingdeott (1982), the world interest rate of 0.04
is used. The remaining values for the model pararadollow Mendoza (1991).

The following table summarizes the values for thoglel parameters.

Table 1.2 The Parameter Values of the Model
0| x Q o I r g P P2 0y )

2 | 1455 0.11| 0321 0.2000.04| 0.1 | 0.63| 0.65 0.059 0.056

4.1. The Data

Annual data on gross domestic product (GDP), copsiom, investment, and net exports

from the period of 1970 to 2005 are obtained frbm $audi Arabian Ministry of Economy and
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Planning (2005)Achievement of the Development Plans Facts andréggDue to unreliable
data from the period of 1923 to 1969, this chapsss post-1969 data.

The data are provided at constant prices. Followktge (2001, 2002), | use an
employment proxy since there are no data availsléabor hours. Population data are drawn
from the International Financial Statistics (2006)FS). Oil revenue and total government
revenue data are from the Saudi Arabian Monetargnayg (SAMA 2006). Data on Saudi oil
production, OPEC oil production, and non-OPEC aibduction are drawn from British
Petroleum Company (BP) (2006) reports. The worldl @l prices are obtained from the

Organization of Petroleum Exporting Countries (O Ra@blications.

5.1. Results

| evaluate the model’s capability in capturing thacroeconomic stylized facts for the
economy of Saudi Arabia. The data used to produee= volatility, correlations, and
autocorrelation are filtered using the Hodrick Ro#s procedure. Table 1-3 presents the
volatility of the macroeconomic variables as meadury standard deviation. The correlations
measure the co-movement while the autocorrelatimasure the persistence of the variables.

Column (1) uses HP filtered data to characterizg features of the Saudi Arabia
business cycle. To see the extent to which thiseincaih match relevant features of the business
cycle, the second moment of the model generatedatatpresented in the subsequent columns.
The second column gives these items for the fulleho To gauge the importance of various
shocks, the third and fourth columns show momehteemodel’s data when only one shock is

operative.
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Tablel.3 Statistical Moments.

Model with
Model Model with only
with two only QOil productivity
Data shocks shock shock
@) ) @) (4)
Volatilities
Std(yt) 7.28 10.20 2.63 9.84
std(c, ) 9.0 13.95 3.33 13.54
std(i ) 16.0 22.49 0.00 22.47
std(n, ) 6.63 11.29 0.00 11.27
std(th. )
Y 10.5 4.11 1.03 3.97
Serial correlations:
corr(Y,, Y1) 0.70 1.00 1.00 1.00
corr(C, ,C, ;) 0.6 0.90 0.39 0.94
corr(l ¢ ,i ;) 0.755 0.82 - 0.85
corr(N,, N, ;) 0.628 0.96 - 1.00
corr(tb  ,tb ., )
Yo Y 0.352 -1 -1 1
Correlations with output
corr(C,,Y,) 017 0.81 0.98 0.81
corr(i .,y ,) 0.64 0.48 - 0.49
corr(n,,Y,) -0.13 0.74 - 0.74
corr(g Y.)
Y, Tt 0.60 0.72 0.60 0.73

The model with two shocks produces a different withain magnitude compared to the
first column; however, the model’s volatility hdsetsame ordinal ranking as the actual data for
most variables. The volatility of investment is mdhan two times greater than that of output in
both the actual data and in the model. The mod#t wo shocks shows that consumption,
investment, and labor hours are procyclical, while actual data show that only consumption
and investment are procyclical. The serial corretet from the actual data are persistent; this is
consistent with the results from the full modebr Example, the full model produces a value for

investment of 0.82. In comparison, the actual dataw 0.755.
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For the model with only the oil shock, the vol#gilfor consumption is higher than the
volatility of output; this is consistent with thetaal data. It is particularly interesting to ndtat
the model with only the oil shock shows no volstifor either investment or labor hours.

This aspect of the model is associated with antrade opportunity where the
representative households have two channels to tenmmnsumption, either through capital
stocks or trading in bonds. The decision by theesgntative household depends on relative
return. If the marginal product of capital (MPK) ggeater than, then the representative
household buys more capital and vice versa. Witlanhitrage condition, such that MPK=s a

shock in oil revenueR, does not change the capital stock or labor hddiserefore, in the

model, the representative household smoothes cgrtgamthrough international bond market
operation. This is an unfavorable feature of thelei@nd is addressed in subsequent chapters.

The model with only the oil shock produces the iy values of 2.63, 3.33, and 1.03
for output, consumption, and trade balance ragspectively. This shows the same ordinal
ranking of output and consumption as the actuah.dédhe model with only the oil shock
produces a value of 0.98 and 0.60 for the cormeiatbetween consumption and trade balance
ratio with the output compared to 0.17 and 0.60t ttesult from the actual data. Thus,
consumption and trade balance ratio are procy¢lighlch also matches the properties of the
actual data.

The serial correlations from the model with onle thil shock produce the values 0.39
and 1.00 for consumption and output respectivelyisis consistent with the results obtained
from the actual data showing that consumption &s Ipersistent than output. The serial

correlations for output produced in all modelsne @nd higher than that of consumption, which

8 Since the capital stocks do not change, this espihiat investment does not change.
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matches with that of actual data. Further, whike model with only the oil shock underestimates
the consumption persistence, other models overatdinthe persistence of consumption.

Additionally, the serial correlations for trade &ate ratios produced in all models are negative
compared to 0.352 that result from the actual data.

The model with only the productivity shock, colusinshows the same ordinal rankings
as volatilities from column 1. The model with ordyproductivity shock produces volatility
values 9.84, 13.54, and 22.47 for output, conswmptiand investment respectively, in
comparison with 7.28, 9.0, and 16.0 that resuttmfthe actual data. Thus, the model with only a
productivity shock produces most similar figuresenms of volatility magnitude to that of the
actual data. Consumption, investment, and tradanba ratio are all procyclical which is
consistent with the actual data.

To summarize the volatilities of both investmant labor hours appear to be primarily
driven by the productivity shock. The small diffece in the volatilities of investment and labor
hours between columns 2 and 4 results from runhiva separate simulation exercises. The
model with only the oil shock displays a relativsiyall volatility for output in comparison with
the other models. All models display the exact matlranking for volatilities for all variables.
The net export ratio shows larger volatility in thetual data than what the models display.

Table 1-4 reveals the ratios of standard deviafldre moment ratios obtained from the
actual data are 1.24, 2.2, and 0.91 for consumpiiorestment, and labor hours, respectively.
For comparison, the values produced from the fultlel are 1.37, 2.2, and 1.11. In addition, the
model with only an oil shock provides an even nmecise approximation to the actual data for

consumption.
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The value of the ratio of consumption is the saarébbth the full model and the model
with only the productivity shock. For the investmeand labor ratios, the model with the
productivity shock is similar to that of the actdakta and is slightly higher than the values of the
full model. The ratio of standard deviation fordathours to that of output in the model with two
shocks provides a reasonably close approximatitimet@ctual data for this variable.

Table 1.4 Properties of Business Cycles in Saudi's Economy

Standard Deviation Ratio of Standard Deviation
to that of {y}
y tb c i n
Actual Data 7.28 10.5 1.24 2.2 0.91
Model with two 10.20 411 1.37 2.2 1.11
shocks
Model with only 2.63 1.03 1.26 0 0
Oil shock
Model with only 9.84 3.97 1.37 2.28 1.14
productivity
shock

Data covers the period from 1970-2005. Statistics are based on Hodrick-Prescott-filtered data. Variables are y real
output,i real fixed investment, ¢ real consumption, N civilian employment,tp ratio of net exports to output.
Statistics refer to logarithms. Source: Achievements of the developments plans (2005). Data provided at constant
prices (deflated by the publisher).

Now, it is appropriate to judge the sensitivitytioé different parameter values. Table 1-5
shows the simulation results when the calibrateshdsird deviations are doubled for the oil
revenue and productivity. For the model volatiti® increase substantially, a large increase in
the magnitude of the shock is required. In otherdspthe models are not very sensitive to
changes in standard deviation. As expected, the sfzstandard deviation does not affect

autocorrelations and cross correlations withinntoslels.
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Table 1.5 Sensitivity Analysis

Model
Data Model with two  with only Model with only
shocks Oil shock productivity shock
Volatilities
std( Y, ) 7.28 2051 5.26 19.68
std(c, ) 9.0 28.16 6.55 27.15
std(i, ) 16.0 45.64 0.00 45.54
std(tb. )
Y 10.5 8.13 2.04 7.78

6.1. The Dynamic Impact of the Shocks

| use the Impulse Response Function (IRF) to exante dynamic deviation of the
economy from the steady state as a result of écpkat shock. The traditional use of the IRF is
to evaluate the model’'s capability to mimic reabmemic cycles and show its propagation
mechanism. The aim is to examine the macroeconmicators in response to a temporary oil
shock. This will allow us to assess the indepen@éiett of a particular shock, holding all else
constant. Since Saudi Arabia is an oil exportingntny, | expect an economic boom to occur
when international oil prices increase. Figure reseals the response of the model’s variables to
a one standard deviation temporary oil shock. Aden increase in the oil revenue due to a
world oil price shock brings the economy to a baoyole, up 3.7%. The oil shock has no effect
after the fifth period. However, this shock hagktively small effect on consumption that lasts
for only two periods.

The IRF shows that capital stocks at titneland labor hours are not affected by the oil
shock. As indicated in the previous section, whawiisg the log-linearized system of equations,
investment and labor hours were not found to betfans of oil shock. In accordance to the

model, the representative household smoothes cgismmthrough bonds. In a response to a
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one standard deviation oil shock, the represemtdtausehold will save more as shown by the
negative debt of 0.5%. The oil revenue shock eftecthe debt starts to dissipate after seven
periods.

Figurel.7 Impulse Response of a One Standard Deviatiom&ek in Oil
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It is important to stress the role that the Sol@sidual plays in economic fluctuations

(Charles, 1989). Figure 1-8 shows the responsehefmodel variables to a one standard
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deviation temporary productivity shock. A suddercrgase in the productivity brings the
economy to a boom cycle, in which output is up 6.1

A productivity shock in the economy leads to dighiguium making the capital stock
purchases more attractive because marginal protlyatif capital is greater than. The market
mechanism works to arrive at the point where MPK3 o allow for some incompleteness of the
market, | included capital adjustment in the mqiétndoza, 1991).

Figurel.8 Impulse Response of a One Standard Deviation &k in Productivity
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With high productivity, time spent on leisure is me@xpensive causing the demand for
leisure to decrease. Thus, labor hours increasdbyt 7%. In turn, this increases the demand on

consumption of goods and services, and capitakst@r the next period increases as well. In
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response to a one standard deviation temporaryptietty shock, the representative household
will increase its level of saving for 10 periodseafthe shock to smooth its consumption. This
effect on saving reaches a maximum of 0.7% befe@gnming its convergence to the steady
state. The effect of the productivity shock on oditgtarts to die out after three periods, and it
returns to the steady state after 15 periods. Hewédabor hours, and consumption tend to have

short lived effects in response to a one standavdhtion temporary productivity shock.

7.1. Conclusion

The objective of this chapter is to investigate ftbke of oil price shocks in explaining
business cycles in Saudi Arabia using a dynamichsistic general equilibrium approach. The
model contributes to the literature by introducihg oil revenue for Saudi Arabia into the
production function as a stochastic variable tbows an AR (1) process. The model with two
shocks produces different values for volatilityt tiese values have the same ranking as that of
the actual data for most variables. In additioe, #ictual data are close to the ratio of standard
deviations to the output obtained from the modéhwwo shocks.

The results indicate that productivity shocks aftatively more important to business
cycles than the oil shocks. The model with onlyr@dpctivity shock produces the most similar
figures in term of volatility magnitude to thattble actual data.

Next, | use the Impulse Response Functions (IREy&uate the capability of the model.
The IRF shows no effect of an oil shock on the tehmtocks and on labor hours, which is a
feature of the model. When the log-linearized systef equations is solved numerically,
investment and labor hours were not found to betfans of the oil shock. | recommend using
different techniques to compare the model’s rolestn One method by which to do this is to

have all decision variables as a function of tHeloock by inducing the stationarity to the model
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differently. Another method is to impose a bonduatipent cost. The aim of the next chapter is

to incorporate these ideas and compare the regititshose of the baseline model.
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CHAPTER 2 - The Role of World Oil Price Shocks in Eplaining
Business Cycles in a Small Open Economy with Portfo
Adjustment Cost

1.1. Introduction

This chapter is an extension of the baseline mofl@hapter one. While the baseline
model provides a Pareto Optimal solution, it alsodpces some unfavorable features that are
associated with an arbitrage opportunity. Recadk tthe representative households can trade
capital stocks and bonds in order to smooth contiompThe decision of how the household
smoothes consumption depends on the relative rekammexample, if the marginal product of
capital (MPK) is greater than interest rate),(then the representative household will purchase

additional capital. With a no arbitrage conditiarcis that MPK= , a shock in oil revenueR,,

1o
does not change the capital stock or labor hd@sted differently :Aa(%j where both

K and L do not change as a result of oil revenue shoatesirdoes not change. Therefore, in
the baseline model, the representative househotthms consumption through international
bond market operation. The problem is thaKifis unchanged, then there is no way to explain
employment variation, which is an important feataféusiness cycles. This is an unfavorable
feature of the model and is addressed in this enapt

Therefore, the objective of this chapter is to ipovate the portfolio adjustment cost so
that the model produces volatility in both investitha@nd labor hours when oil shocks are
allowed. The advantage of adding the portfolio stinent cost is that when the log-linearized
system of equations are solved numerically, investnand labor hours will now be functions of

the oil shock. Although the new model adds frictlonincorporating the portfolio adjustment

° Since the capital stock does not change, thisi@mhat investment does not change.
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cost into the baseline line model, this alternasuld produce similar dynamics (Schmitt-
Grohe’ and Uribe, 2003).

Recently, a number of studies (Bodenstein, 2006iroBh 2006) have addressed
alternative ways for inducing stationarity in relalisiness cycle models for small open
economies’ The First Welfare Theorem declares that Parettin@fity derives the same
solutions as the competitive equilibrium (Mas-Cbétlal., 1995). Even when Mendoza (1991)
allowed for some market imperfections by addingapital adjustment cost, he showed that his
model was still Pareto Optimal. Some studies haesgmted a variety of classical real business
cycle models to investigate the role of the reafladvanterest rate for a small open economy. For
example, Mendoza (1991) found that the real wartdrest rate was not important in explaining
business cycles in a small open economy for the cdgCanada. Neumeyer and Perri (2001,
2005) and Blankenau et al. (2001) found that the veorld interest rate was an important
driving force of business cycles for a small opeor®my.

Neumeyer and Perri (2001, 2005) were the first @stiio incorporate bond adjustment
costs in their model. The authors investigate tile of interest rates in explaining business
cycles for emerging economies using small open @ognmodeling. More specifically, they
examine the role of interest rates in Argentinan&ka, Brazil, Korea, Mexico, and the
Philippines. They calibrated the parameters of rtheodel from data drawn from the
Organization for Economic Co-operation and Develept{OECD). The authors use quarterly
data covering the period from 1983:01 to 2000:02 Aegentina and Canada. For the other

countries, the data extend from 1994:01 to 2000:02.

2 Unlike other approaches, Bodenstein (2006) indi#tat inducing stationarity by endogenizing tisealint
factor always produces stationary and unique soisti
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They write the domestic interest rate for a paléiceountry as a function of the U.S.
interest rate and a scalar that represents theasisiciated with lending to domestic borrowers.
Also in their model, they presume that a transactechnology must be paid by firms before
production begins. There are three sub-periodsinvéach period of the model. In the first sub-
period, the firms borrow to pay the rent for fastaf production. Next, the firm must pay for
labor and capital in the second sub-period. InNd@sesub-period, firms use their surplus output to
repay the debt they incurred in the first sub-psgo that the market clearance conditions hold.
For the parameter of the portfolio adjustment ctis¢, authors assign similar values for all
countries. Finally, the authors find that the wtitgtof consumption was greater than output and
that omitting country risk lowered the volatility output for Argentina by 27%. In this research,
| incorporate the bond adjustment cost equatiadhuiced by Neumeyer and Perri (2001, 2005)
so that the model will now produce some volatildy both investment and labor hours.

The remainder of this chapter is organized as\icdidSection 2 illustrates the derivation
of the theoretical model and the calibration ofélternative DSGE model. Section 3 provides an
outline of the data and sources. Section 4 docuwsniat stylized facts of business cycles for
Saudi Arabia. Section 5 discusses impulse resptums#ions and includes an analysis of the
results. Section 6 shows the results of the sergitanalysis. Concluding remarks, policy

recommendations, and limitations are given in $ecti.

2.1. Theoretical Framework:

This alternative model adds friction to our baselinodel. More specifically, this model
includes portfolio adjustment cost. Therefore, #mnomy consists of a large number of

infinitely lived households. The technology usedgooduction follows a Cobb Douglas form:

Yo =AKT“+R.
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The y, represents total outpuf\, k,, and n, are productivity shocks, physical capital,
and labor hours, respectively; together, they sgrethe non-oil GDPR, is oil revenue and is

treated as a stochastic exogenous endowment mddel.

In this model, both productivity and oil revenu®sks follow an AR(1) process:

1
t

INA, =p,InA _+¢

and

2
t

INR, = p,INnR,_;+¢

where0< p, <1, and 0< p, <1, &~NIl (0,62),&' € (0,1), and g*~NIl (0,6%), &’ <(0,1). The
coefficients of the AR(1) process for both shocksandp, are restricted to be less than unity in

absolute value.

The capital accumulation equation is
Koo =i +(1-9)k
where k, ., represents the physical capital stock at timel , andi, is the current investment.
Net physical i§1- 5)k,, and 5 represents the depreciation rate such #ha(0,1).

The representative household is able to trade mi®a international market. Hence, the

net trade equation is:
NT =R -1+ ¢t.,)h,
where NT represents the net trade in bonldsjndicates bonds in theurrent period, and, is

the rate of return on bonds. | rule out the Ponhese to prohibit infinite borrowing (Sargent

and Ljungqvist, 2004):
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lim E, IL <0.
o TTasn
t=1
In addition, | eliminate the individual impact onet discount rate by endogenizing the
discount factor with no internalization. Followitige formulation from chapter one, the discount

factor is a function of consumption and labor hours

Preferences are written as follows:
v.., = B(C.,A)v, 1.0
t >0 wherey, =1
wherec, is the average per capita consumption, énd labor hours; both are exogenous to the
representative agent. The functional form of tlsea@lint factor follows:
BER) =L+ - /2] °.
Using the Lagrangean multiplier, the social planneaximizes the expected lifetime

utility subject to the resource constraint in ticereomy.

1-0

{[ct -1/ 4] ”—1}
L= Etin
&(Atkf‘rf” R+b-(+ r)b,- ¢— k,+(1-5) k—g( k.- k)z—;(ttrsz

where T’ represents the parameter of capital adjustment aod is T'(0)=I"(0)=0 by
assumption (Schmitt-Grohe and Uribe, 2003). The feature in this model is the portfolio
adjustment cost equation whererepresents the parameter of portfolio adjustmest.cTher

parameter is “ a constant determining the sizehefttond holding costs, ard is the steady

state level of bonds-to-GDP ratio” (Neumeyer andiP2005).
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The FOCs forc,,n ,b, ,k,.,,and 4, , respectively, are:

A=lc—-n/a7", (2.1)
[c. - /x 'Wr=A0-a) Ak n*, (2.2)
vi[1-7@ -0) |4 =vi, 1+ NEA,, , (2.3)

AT, K% =11 BA ALK T+ -6+ T(k - k)] .and (2.4)
b =1+ )01 +G o+ K- (1=K %ml— K= A KB R (b (2.5)

Using the functional form for (1.1) in (2.3) and.4® so that the FOCs fog,,n ,b, ,k,,;,and

A, become, respectively:

A=le -/, (3.1)
[c.—n /21 " =A-a) AK* p*, 3.2)
A[1-7(b -b)|=[1+ G - M%/x] “(1+ NEA,, , (3.3)
ATk K =1+ &~ T 7T 2 BA e A, K BT+ T( K~ k)| .and (3.4)
B =@+ E0 4G +ha— @0k (kam K- AR = R (DB, (3:5)

This system is different from the baseline modetwo aspects. First, the representative
agent can borrow an additional unit to increasectireent consumption. In the following period,
the representative agent pays back the debt pluse saerest rate,, that is dependent on bond

holdings. ThusK depends on total revenue. With an oil shock, tememy saves more using

1o
bonds so that increases because bond holdings go up. Sinsalifferent thena(%] must

adjust to a new equilibrium. The second differeiscthat the budget constraint in equation (3.5)
includes bond adjustment cost. Equation (3.5) shthaswhen the representative agent borrows

an additional unit and creates more debt solhatreases.
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Solving this system by log-linearization around thon-stochastic steady state requires
first solving for the steady state. At the steadigtes ¢, =c¢, and i, = n implying that, in
equilibrium, agent average per capita consumptimh labor hours are the same. Furthermore,
the bonds at time ,along the balance growth path, are equal to trerage bonds in the

economy. Hence, FOCs at steady state become:

A=[c-n*/,1", e
[c—n?/x] ‘" *=A1-a)k*n?, (4.2)
1=[1+c—n%/x] “@A+7r), 3.
1=[l+c-n?/z] [ak*'n**+(1-8)] and (4.4)
k“n**+R= rb+ c-J k. (4.5)

It is important to note that the baseline model #rel current one share the same steady state
conditions so the steady state solution is idehtiewever, the log-linearized system of
equations is not identical in both models becalsg differ when away from the steady state. As
in the baseline model, the steady state solutias i®llows:

From (4.1) and (4.2):
n*“'=1-a)k*n”. (4.6)

This implies that the marginal product of labor @gual to the marginal rate of
substitution of work for consumption. Also at thgudibrium, the marginal product of labor is

equal to real wage. Equations (4.3) and (4.4) give:

Jre (4.7)

Plugging equation (4.7) into (4.6) give:

1

n=0- @)L

Now the Euler equations are:

51



X

c— @y 1
X

and, from (4.5)

a ~l-a
b:Ak n +rR— c-o0 k 4.8)

where i =6k . Now, steady state values exist for consumptioth lzonds depending on the
initial values of the exogenous deterministic comgrs. The steady state fdr is obtained

directly from (4.1).
Next, | log-linearize around the given steadyestﬁlefinei =In (%j wherel is the

steady state values, and other derivatives areate&imilarly. The log-linearized version of the

FOCs are thus:

A =-0mn|exp€)- 27 (expf ) | (5.)
—Hln[expﬁ Y1 ( el )"]+( 7- =i+ Inta yak-ah+ A (5.2)
i+|n[1—r(exp(i ) Inp ))]:—Q Ir{lr expl ¥ 1 ( exdy )ﬂ+ EN LY (5.3)

2;+In[l+ F(equfm)— exp(2t J:—Q IrE T oex® ) t( exd )ﬂwiﬂ

+In{aexp(A+l)(ex;{kM)) expml))l*aJr &5 }F( e><pl%+2)— e>€ﬂg+1))}
=i Gerjesf)- of5) - off)+ o) offi)- ¢k ep) b and  (55)

V, = k.s. (5.6)

, (5.4)
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The\/Atnotation is introduced in equation (5.6) so thatiteims with eithertor t +1

subscripts will reduce the system to an AR (1) pssc Given this system of equations, | follow
the methodology for solving the system outlinecHser and Maussner (2008).

Unlike the baseline model, the log-linearized systef equations shown above now
contains the bond adjustment cost. This meansvthan the system is solved numerically,
investment and labor hours will now be a functiémhe oil shock. In this model, depends on
the number of bond holdings so that any changemdiholdings affects the interest rate. With
the new level of bond holdings, varies and that require& to change to return to the

equilibrium wherer =MPK.

2.2. Calibration

The parameter of the portfolio adjustment costis incorporated so that this model
generates a similar volatility in the trade balarat® to output as the baseline model. The value
chosen forz is equal to 0.000745. Like Neumeyer and Perri {2@0D05), the chosen value for

the parameter of bond adjustment cost is smaller the parameter value of capital adjustment

cost. The value fob is calculated from the steady state equation (18 remaining parameter

values of this model are similar to those assidoethe baseline modét.

3.1. The Data

Data were obtained from the Saudi Arabian Ministrfy Economy and Planning,
Achievement of the Development Plans Facts andr&sg2005) Annual data include gross

domestic product (GDP), consumption, investmend, et exports from the period of 1970 to

n the first chapter, | discussed the algorithredut® solve a dynamic general equilibrium model.
12| ater in the chapter, | provide sensitivity an@ys find how the results of the model change whssigning
different parameter values.
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2005. Reliability issues suggest that only postal@@ata be used. The data are provided at
constant prices. Following Kose (2001, 2002) ancckBa et al. (1995), | use civilian

employment data as a proxy since there are noagtattable for labor hours.

4.1. Results

Comparing the statistical moments of the theoretreadel with those of the data enables
us to evaluate the capability of our model to eixplausiness cycles. The data used to produce
the volatility, correlations, and autocorrelatiore diltered using the Hodrick Prescott (HP)
procedure. Table 2-1 presents the volatility of thacroeconomic variables as measured by
standard deviation. The correlations measure then@eement while the autocorrelations
measure the persistence of the variables.

Column (1) uses HP filtered data to characterizg features of the Saudi Arabia
business cycle. To see the extent to which thisaincaih match relevant features of the business
cycle, the second moment of the model generatedatatpresented in subsequent columns. The
second column shows the second moments for thenfadel. To gauge the importance of
various shocks, the third and fourth columns shaywments of the model's data when only one
shock is allowed.

The model with two shocks, Model 2, produces aedafit volatility in magnitude
compared to the first column; however, the modedktility has the same ordinal ranking as the
actual data for most variables. The volatility o¥estment is more than two times greater than
that of output in both the actual data and in tleeleh The model with two shocks shows that
consumption, investment, and labor hours are ptmeycyet the actual data show that only

consumption and investment are procyclical. Théakeorrelations from the actual data are
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persistent, and this is consistent with the redtots the full model. For example, the full model
produces a value for investment of 0.83. In congoar; the actual data show 0.755.

Table2.1 Statistical Moments

Model with
Model Model with only
with two only QOil productivity
Data shocks shock shock
1) (2) 3) (4)
Volatilities
std(yt) 7.28 10.27 2.65 9.94
std(c,) 90 14.27 3.42 13.94
std(i ,) 16.0 22.71 0.82 22.69
std(n,) 6.63 11.37 0.29 11.38
std(tP )
Y. 10.5 414 1.04 4.01
Serial correlations:
corr(Y (» Y, 1) 0.70 1.00 1.00 1.00
corr(C, ,C, ;) 0.6 0.91 0.48 0.94
corr(i , i, ;) 0.755 0.83 0.65 0.86
corr( n,, ntfl) 0.628 0.97 0.17 1.00
corr(tb, stb, , ) -1.00
Yo Y 0.352 -1.00 -1.00
Correlations with output
corr((:t Yy ) 017 0.82 0.98 0.82
corr(i oY) 0.64 0.49 0.96 0.49
corr(n,,y,) -0.13 0.74 1.00 0.74
corr(g Yi)
Y 0.60 0.73 0.62 0.74

For the model with only the oil shock, the vol#yilfor consumption is higher than the
volatility of output; this is consistent with thectaal data. As discussed above, this model
produces volatility for both investment and labours whereas the baseline model shows zero

volatility from oil price shocks. The volatility foinvestment and labor hours produced are
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relatively small in this model, which is attributalio the relative unimportance of oil shocks to
productivity shocks in Saudi Arabfa.

The model with only the oil shock produces volgtivalues of 2.65, 3.42, 0.82, 0.29,
and 1.04 for output, consumption, investment, ldbomirs, and trade balance ratio, respectively.
This shows the same ordinal ranking of output amdsaemption as the actual data. Model 3
produces a value of 0.98 and 0.96 for the cormiatbetween consumption and investment with
output which compare to 0.17 and 0.64 from theadaata. Thus, consumption and investment
are procyclical.

Model 3 produces serial correlation values of (A8 1.00 for consumption and output,
respectively. This is consistent with the resulttamed from the actual data that show
consumption is less persistent than output. Thalseorrelation for output produced in each
model is higher than that of consumption, which anes the actual data. Further, Model 3
underestimates consumption, investment, and lalmir tpersistence. The persistence of
consumption, investment, and labor hours are otmrated in the other two models.

The model with only the productivity shock, Modelshows the same ordinal rankings
as volatilities from the first column. Model 4 prazks volatility values 9.94, 13.94, and 22.69
for output, consumption, and investment, respelgtiia comparison with 7.28, 9.0, and 16.0
that result from the actual data. Therefore, the@hwith only a productivity shock produces the
most similar figures in terms of volatility magrdke to that of the actual data. Consumption,
investment, and th&ade balance ratio are all procyclical which isigistent with the actual

data.

3 This matter is further investigated later in ttigpter when | conduct sensitivity analysis anenigirically
investigated in the next chapter.
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Model 3 displays a relatively small volatility fmutput in comparison with the other
models. All models display the exact same ordinaking of volatilities for all variables. The
net export ratio shows more volatility in the a¢tiata than what the models display.

Table 2-2 reveals the ratios of standard deviafldre moment ratios obtained from the
actual data are 1.24, 2.2, and 0.91 for consumpitimestment, and labor hours, respectively. In
comparison, the values produced from the full madel1.39, 2.2, and 1.11.

Table 2.2 Properties of Business Cycles in Saudi's Ecang

Standard Deviation Ratio of Standard Deviation
to that of {y}
y tb C [ n
Actual Data 7.28 10.5 1.24 2.2 0.91
Model with two 10.27 4.14 1.39 2.2 1.11
shocks
Model with only 2.65 1.04 1.29 0.31 0.11
Oil shock
Model with only 094 4.01 1.40 2.28 1.14
productivity
shock

Data covers the period from 1970-2005. Statistics are based on Hodrick-Prescott-filtered data. Variables are y real
output, i real fixed investment, C real consumption, N civilian employment, th ratio of net exports to output.
Statistics refer to logarithms. Source: Achievements of the developments plans (2005). Data provided at constant
prices (deflated by the publisher).

The value of the ratio of consumption is almostshene for both the full model and the
model with only the productivity shock. For the @stment and labor ratios, the model with the
productivity shock is similar to that of the actdaka and is slightly higher than the values of the
full model. The ratio of standard deviation fordalmours to that of output in the model with two

shocks provides a reasonably close approximatitimet@ctual data for this variable.
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5.1. The Dynamic Impact of the Shocks

The Impulse Response Function (IRF) is used to @eaithe dynamic deviation of the
economy from the steady state as a result of acpkat shock. The aim is to examine the
macroeconomic indicators in response to a trarysdadrshock. This will allow us to assess the
independent effect of a particular shoc&teris paribus Since Saudi Arabia is an oil exporting
country, | expect an economic boom to occur wheéermational oil prices increase. Figure 2-1
reveals the response of the model’s variabletoeastandard deviation temporary oil shock.

A sudden increase in the oil revenue due to a waitldrice shock increases output to a
maximum of 4%. The oil shock has no effect after ¢éighth period. However, this shock has a
relatively small effect on consumption that lasisdnly two periods before it begins to die-out.

Figure 2.1Impulse Response of a One Standard Deviation ShoakOil
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The IRF shows that a transitory oil shock increakescapital stock at time+1. The
effect of an oil shock on the capital stock at timel lasts for ten periods before it starts to die
out. The effect of a temporary oil shock on laboutls is positive but small. The relatively small
effect of oil shocks on both capital stocks andokabours could be attributed to a lack of
substitution of capital stocks and labor hours hie DIl sector and those used elsewhere.
Additionally, the oil sector is more of a resouetelowment to the economy.

In this model, the agent smoothes consumption dirointernational bond market
operations and capital stocks. In response to a stedard deviation oil shock, the
representative household will accumulate more gpaBishown by the negative debt of 0.5% in
the fifth period. The effect of the oil revenue skon the debt dissipates after seven periods.

It is important to investigate the role that theld®o residual plays in economic
fluctuations (Charles, 1989). Figure 2-2 showsré®ponse of the variables to a one standard
deviation transitory productivity shock. A suddeerease in productivity brings the economy to
a booming cycle in which outputis up 10.1 %.

A productivity shock in the economy leads to diskigiium, making the capital stock
purchases more attractive since MPK.>The market mechanism works to arrive at the point
where MPK=r . To allow for some incompleteness of the markeiclude a capital adjustment
cost in the model (Mendoza, 1991).

With high productivity, time spent on leisure is mae@xpensive causing the demand for
work to increase. Thus, labor hours increase byab%. In turn, this increases the demand for
the consumption of goods and services, and thissddmeaches a maximum in the third period

prior to dying out.
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Figure 2.2 Impulse Response of a One Standard Deviation &k in Productivity
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In addition, demand for capital stocks and inteamat! bonds increase for the purpose of
consumption smoothing. In response to a one stdmdiavriation temporary productivity shock,
the representative household will increase itslle¥esaving for 10 periods after the shock to
smooth its consumption. This effect on saving reach maximum of 0.7% before beginning its
convergence to the steady state. The effect optbductivity shock on output starts to die out
after three periods and returns to the steady stitée 15 periods. The IRFs show that the

productivity shock on output is shorter lived tltmsumption or capital stock at time t+1.
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6.1. Sensitivity Analysis

It is appropriate to judge the sensitivity of th#edent parameter values; thus, different
parameter values for the model are assigned irst#ugon. This helps to determine if the model
produces different volatilities in response to ralsgive parameter values than that of the
theoretical model. In his quote below, Kydland (2P%tresses the importance of sensitivity
analysis:

If all parameters could be accurately calibratbéntin principle
only one computational experiment would be neetfeghractice,
however, the researcher will not have access tda thach
information. Consequently, some additional expenitsie with
different parameter values in a reasonable rangs, lne useful.
These experiments may tell us either of two thi@se possibility
is that the answer is not sensitive to differenuea of a given
parameter, in which case its measurement is notentrg
Alternatively, if the answer is indeed sensitive vi@lues of an
imprecisely measured parameter, then efforts dicetdwards its

measurement could have considerable payoff (ppd&Bj-

Table 2-3 shows the simulation results when thebieded standard deviations are
doubled for oil revenue and productivity. For thedal volatility to increase substantially, a
large increase in the magnitude of the shock isiired. For example, doubling the standard
deviation when both shocks are operative, the mpdeduces 20.53, 28.69, 46.17, 22.71, and
8.22 compared to 10.27, 14.27, 22.71, 11.37, abdl dnder the calibrated standard deviations
for output, consumption, investment, labor houmsd ahe trade balance ratio to output,
respectively.

When only one shock is operative, the statisticalment of the models doubled when

doubling the calibrated standard deviation for dperative shock. Thus, the model is not very
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sensitive to changes in standard deviation. As @rple the size of standard deviation does not

affect autocorrelations and cross correlationsiwithe models.

Table 2.3 Simulation results when calibrated standard deations are doubled for both shocks

Model with
Data Model with two only Oil Model with only
shocks shock productivity shock
Volatilities
std(y,) 7.8 20.53 5.33 19.80
std(c, ) 9.0 28.69 6.87 27.66
sd(i,)  16.0 46.17 1.66 45.98
std(n)  6.63 22.71 0.58 22.67
std(tb. ) 10.5 8.22 2.08 7.85
Y

Table 2-4 reveals the simulation results undereckfit parameter values of the
intertemporal elasticity of substitution for labsupply, 6. The results are similar for varied
values of the elasticity of substitution. The réswhow that there is no significant change in
either the ordinal ranking or magnitude of the rmaconomic variables when different values
foré are assigned.

With either higher or lower values of assigned, the model will still produce the same
statistical moments. The slight difference betw#en statistical moments results from running
separate simulations. For example, with two shomkd a lower interval of intertemporal
elasticity of laboré , the statistical moments are 10.27, 14.67, 221635] and 4.14 compared to
10.27,14.27, 22.71, 11.37, and 10.5 under thereadid4 for output, consumption, investment,
labor hours, and the trade balance ratio, respgtiwhen only the oil shock is operative at the
upper interval of , the statistical moments are 2.66, 3.72, 0.98,&8d 1.05 compared to 2.65,
3.42, 0.82, 0.29, and 1.04 wher=2 for output, consumption, investment, labor lspand the

trade balance ratio, respectively.
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Table 2.4 Simulation results with 8 +1

Model with two

shocks Model with only Oll Model with only
shock productivity shock

Volatilities Data Lower Upper Lower Upper Lower Upper
interval interval interval interval interval interval

std(y,) 7.28 10.27 10.26 2.64 2.66 9.90 9.97
std(c, ) 9.0 14.67 1422 3.25 3.72 14.23 13.86
std(i ) 16.0 22.64 22.69 0.60 0.98 22.66 22.80
std(n,) 6.63 11.35 1134 0.19 0.36 11.33 11.43

std(tb. )
Y, 10.5 415 414 1.04 1.05 4.00 4.02

Table 2-5 shows the simulation results when differalues for the capital shate, is
assigned. It is important to note that there isaddoff between the share of capital and that of
labor* With two shocks, the results indicate that with- 0.3 value, the investment volatility
increases from 22.71 to 26.09, while the modédlrstibins the same ordinal ranking.

Furthermore, the model with only an oil shock shaihat despite different values of
capital sharer, the conclusion of the model does not change coedpt what the results
suggest whenx is equal to 0.32. That is to say, the volatility fnvestment and labor hours
produced by the model continue to be relatively Ibnmathat produced by the model with
productivity shock. For example, the model produbesstandard deviations of 1.18 and 0.45 for
investment and labor hours, respectively when thares of capital is increased to 0.36.
Similarly, when productivity is the only shock, féifent values of physical capital share produce
a marginal change in the values while it retairsdtdinal volatility ranking of the variables. For
example, the investment continued to be more Vel#tan consumption, while the latter is more

volatile than output.

14 By definition, both shares of capital and labanso one; and thus when the share of physical @dpitreases,
then the share of labor must decrease.
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Table2.5 Simulation results for different values of o

Model with two
shocks Model with only Oll Model with only
Data shock productivity shock

Volatilities =03| =036 =03 | ¢=0.36| =03 | o=0.36

std(y, ) 728 10.57 9.63 2.66 2.7 10.22 9.26

std(C, ) 90 13.78 15.43 3.19 4.15 13.41 14.97

std(i, ) 16.0 26.09 16.69 0.71 1.18 26.08 16.66

std(n,) 6.63 11.71 10.63 0.24 0.45 11.70 10.61
Std(tb. ) 4.0 4.36 0.97 1.19 3.86 4.18

Y, 105

Table 2-6 reveals the simulation results underedifit values of the elasticity of the
discount factor,Q2.The purpose of assigning different values foris to see how the results
respond to different rates of convergence to thg lmalance growth path.

Table2.6 Simulation results with O + 0.066

Model with two

shocks Model with only Oll Model with only
shock productivity shock
Volatilities Data Lower Upper Lower Upper Lower Upper
interval interval interval interval interval interval

std(y,) 7.28 10.24 1027 2.66 2.66 9.94 9.92
std(C; ) 9.0 7.50 17.14 1.77 4.16 7.34 1650
std(i, ) 16.0 22.72 2267 0.78 0.84 22.75 22.69
std(n,) 6.63 11.33 11.36 0.27 0.29 11.38 11.36

std(tb. )
Y, 10.5 29.63 4.89 20.63 1.24 21.38 471

The results indicate that different values for affect mainly the volatilities for
consumption and the trade balance ratio. With adrigalue ofQ2, the consumption volatility
increases. The volatility of the trade balanceoratcreases whem deviates from the value of
1.455.

To summarize, the results of the model do not ceangnificantly under different values

of the elasticity of substitution. Also, the corgibns of the different models under different
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values of capital share, with two shocks, and wvétsingle shock do not change. Assigning
different values fore produces different values in magnitude, while tieels retain the same
volatility ranking. The sensitivity analysis algaicates that assigning different values far
primarily affects the consumption and trade balaati®. From the above experiments, different
parameter values did not show any robust resuliisthis leaves fewer suspicions about the

“imprecisely measured parameter” in the future aesde agenda.

7.1. Conclusion

This chapter incorporates a portfolio adjustmerst so that the model produces volatility
in both investment and labor hours when oil shoaks allowed. This model shows that
investment and labor hours are functions of thesbdck when the portfolio adjustment cost
eqguation is considered. While this model incorpegahe portfolio adjustment cost, it continues
to produce the same dynamics as the baseline model.

Next, | use the Impulse Response Functions (IREy&duate the capability of the model.
The IRF shows that a sudden transitory productishock has a larger effect on the
macroeconomic indicators than an oil shock.

This research also finds that the model does nahgd significantly under different
values of elasticity of substitution. In additioassigning different values foe&r produces
different values in magnitude, while the modelsirethe same volatility ranking. The sensitivity
analysis also indicates that assigning differeiies for Q only affects consumption and the
trade balance ratio.

The theoretical model predicts that productivibuld be the driving force of business
cycles in Saudi Arabia. This finding is interestiagd consistent with other studies on oil

importing countries, such as Schmidt and Zimmerm&®05). The model with only the
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productivity shock continues to produce the mostilar figures to that of the actual data, in
terms of volatility magnitude. Thus, the theordtioaodel suggests that the role of oil price
shocks in explaining real business cycles in Sauabia should be downplayed compared to the
role of productivity shocks.

The findings of the theoretical model could beHartinvestigated. Thus, the next chapter
explores empirically how real world oil price andoguctivity shocks affect output,

consumption, investment, labor hours, and tradangzal ratio for Saudi Arabia.
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CHAPTER 3 - The Effect of World Oil Price Shocks onthe
Macroeconomic Variables: The Case of Saudi Arabiarad its
Primary Trade Partners

1.1. Introduction

The oil sector’s role in the economy of Saudi Aeabas been decreasing through time.
However, the oil sector’s contribution since th&@9 has always been above 28% of total Gross
Domestic Product (GDP). Even though the oil seqarys a prominent role in the Saudi
economy, the role of oil price shocks versus osiieicks in generating business cycles could be
trivial. For example, the majority of Saudi job® an the non-oil sector, and in many cases, the
economy has grown as oil-prices have decreaseditidwhlly, the share of non-oil GDP is
currently more than two-thirds of total GDP and hawe than doubled in the last 30 years. This
chapter examines the relative importance of oitershocks versus productivity shocks in
explaining the economic fluctuation of Saudi Araaal its primary trade partners.

There are few studies that examine the effect @ kgorld oil price shocks on
macroeconomic performance for both developed aneldeing countries. In addition, some
studies, such as Aleisa and Dibooglu (2002) an@@glu and Aleisa (2004) omit significant oil
price shocks in the 1970s and focus on the roleilgprices on the real exchange rate and
inflation in Saudi Arabia from 1980-2000. This rasgh deviates from related literature in four
specific aspects. First, this study considers gdortime horizon and covers the period from
1970 to 2005. Thus, it accounts for the significeal world oil price shocks of 1974 and 1979.
Since the reasonable duration of business cyclegnad in most literature for developing
countries is five years (Barro and Sala-i-Marti@02), it is therefore appropriate to capture this
time dimension using annual data for Saudi AraBecond, the role of world oil price shocks on

the disaggregated macroeconomic variables of Sanadhia is investigated as well as its major
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trade partners. Specifically, this study invesegathe role of oil prices shocks on output,
consumption, investment, labor hours, and tradanga ratio to output. Third, this study
examines the role of real world oil price shockssus productivity shocks. Fourth, this study
documents the stylized facts of business cyclgwiofary trade partners with Saudi Arabia and
examines the aspects of the international busityds. Since 2000, oil prices have been rising;
however there are no relevant studies to examia@ditential of oil prices shocks transmission
to the Saudi Arabian economy. This study intendsltiinis gap.

The objective of this chapter is to empirically @stigate how real world oil price and
productivity shocks affect output, consumption,astment, labor hours, and the trade balance
output ratio for Saudi Arabia. This chapter compdeits the theoretical model of chapter one. In
addition, this study builds a foundation for futwtedies in examining the impact of real world
oil price shocks on the economies of the most Sagnit trade partners of Saudi Arabia.

To achieve this objective, | employ the Granger <adity test to examine the validity of
the assumption that world oil prices are exogeriouke Saudi economy. Next, | examine the
role of world oil prices versus productivity shocks explaining the variation in output,
consumption, investment, labor hours, and tradanua ratio to output using Forecasting Error
Variance Decomposition (FEVD) for Saudi Arabia aitel primary trade partners. Third, |
display the Impulse Response Function (IRF) to emanthe response of macroeconomic
variables to transitory and permanent shocks opodes and productivity for Saudi Arabia.
Finally, | compare aspects of the results betwesmmdESArabia and its primary trade partners. In
conclusion, | present the implications of thesdifigs.

The chapter is organized as follows: Section 1 exesithe economic performance of

the Saudi Arabian economy throughout the changeésdavelopments of real world oll
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prices during the last three decades. Section 2epts a literature review of the relevant
studies to the subject. Section 3 examines thengsgan that real world oil prices are

determined exogenously to the Saudi economy. Secto discusses the Vector

Autoregressive methodology and restrictions usetthisychapter. Section 5 gives an outline
of the data sources utilized in the chapter. Sedbiccontains the empirical findings from

variance decomposition and impulse response furetio evaluate the bilateral short and
long run relationship between real world oil pricesl real GDP, investment, labor hours,
consumption, and trade balance ratio to the odtpusaudi Arabia. Section 7 also addresses
the relative importance of the shocks in explairtimg variation of the main macroeconomic
variables of Saudi Arabia’s primary trade partreard examines the effect of transitory real
world oil price shocks on their economic activiti€¥ection 8 contains the properties of
business cycles of Saudi Arabia and its primargeraartners. Concluding remarks and

policy recommendations are given in Section 9.

1.2. Economic Performance
The level of world oil price effects on total oiewvenue has influenced the economic
development of Saudi Arabia over the last threeades. For example, high oil revenue
enables policymakers to finance government experaditon development projects. Since
1970, Saudi Arabian policymakers have adopted nrawpcehensive economic plans every
five years. The primary goals of these plans ar&em®p economic diversification and to
decrease the economic reliance on oil. Thus, ésential to conduct empirical analyses

regarding the economic performance of Saudi Arabia.
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1.2.1. Consumption

it continues to be the largest component of thal toational expenditure of Saudi Arabia.
Table 3-1 shows that in 1970 the total consumptiontributed only 30% of the total

national expenditure. However, this percentage shawdrastic increase, reaching 91% by
1985. This increase is associated with a largeeas® in private consumption relative to

government consu mption.

The final consumption of goods and services hag glorough different stages, while

Table 3.1 The Structure of Final Consumption (Constant Pices)

% Government™

% Private

% Total

Year Consumption in GDP Consumption in GDP Consumption in GDP
1970 13 17 30
1975 18 15 33
1980 25 29 54
1985 39 52 91
1990 30 45 75
1995 23 44 67
2000 29 42 71
2005 33 39 72

Source: Ministry of Economy and Planning, Sauditda, 2006

private expenditures. Figure 3-1 shows that thevtiroate of total consumption was greater than
that of total income from 1974 to 1985. In additidme non-correspondence in the movement

between growth in consumption and that of totabme could be attributed to consumption

smoothing by the agents within the economy.

15 This excludes government expenditure on fixedtaftirmation.
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Figure3.1 Growth Rates of Real Total Consumption and RedbDP
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Specifically, consumption habits could be an esakmtspect in explaining the non-
parallel movement between the growth rates of t@al consumption and real GDP. From the
1970s until the early 1980s consumption was redgtimore important than investment because
the level of industrialization was in its early g¢a (Alabeed and Ateeah, 1994). It should be
noted that when the economy experienced a receshiming the early 1980s, the total
consumption was still increasing. After the mid-@98the growth rate of total consumption
began to move more closely with the growth of @BIP. This change was due to policymakers’
efforts to change the structure of expenditure @PGn favor of total investment expenditure,
especially those in the private sector. At the sammee, policymakers have increased the
efficiency of government expenditures and haveeiased the efficiency of managing economic

resources (Ministry of Economy and Planning, 2004).

1.2.2 Investment
By definition, total investment consists of bothmaal and oil investment. The total

non-oil investment consists of private and goveminevestment components. The ratio of
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government non-oil investment to total investmembves a decreasing trend. Figure 3-2
shows that the share of government investment glaively high in the 1970s. This can be
attributed to high oil revenue that was investedhim fixed capital formation; consequently,
Saudi Arabia’s infrastructure and its developmeashbeen effected by oil revenue. In 1982,
a decrease in oil revenue caused a decreased sha@@vernment investment to total

investment. Although the ratio of government inuestt decreased, the total investment
continued to grow until 1984 due to increased peivaavestment. The share of total
investment to real GDP increased through time &ehea maximum of 35% in 1982. Then,
the share of total investment showed a drasticirdedbllowing the completion of key

economic projects. After 1984, the shares of irmestt by government and private sectors

declined, and the share of private investment naet to be higher than that of government.

Figure 3-2 shows that the share of oil investmemaderate and has always been

much lower than non-oil investment shares.

Figure3.2 Share of Investment of Total Real GDP by Categy
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Table 3-2 shows the structure of Gross Fixed Clapaamation (GFCF). It is important
to note the clear increase in the role of the peisector in the economy from this table. More
specifically, the share of private investment t@mltanvestment nearly doubled from 38% in 1970
to 74% in 2005. However, the role of governmentestment in the economy has been
decreasing through time. The ratio of governmehamd non-oil investment to total investment
declined from 62% in 1970 to 26% in 2005.

The role of the private sector and its contributiontotal GDP increased from 33% in
1970 to about 51% in 1999. The number of privatedgrated factories increased from 199 in
1970 to 3123 in 1999, while the number of privaetsr companies increased from 923 to 9302
for the same period.

Table 3.2 The structure of Gross Fixed Capital Formation.

Non-Oil Sector Total
Year Oil Sector Government Private | Non-Oil Sectors Total
1970 20% 42% 38% 80% 100%
1975 12% 53% 35% 88% 100%
1980 8% 58% 34% 92% 100%
1985 10% 38% 52% 90% 100%
1990 5% 51% 44% 95% 100%
1995 14% 25% 61% 86% 100%
2000 11% 13% 75% 88% 100%
2005 12% 14% 74% 88% 100%

Source Ministry of Economy and Planning, Saudi Arabia, 200
The private sector accounted for 87% of total emplent in 2004 compared with 83% in
1991 (Ministry of Economy and Planning, 2005). Tewelopment of non-oil private sector has

been the primary objective of Saudi governmentgedi and is consistent with its emphasis on
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reducing the economic reliance on the oil sectorce&sSaudi Arabia is a small open economy

that interacts with other countries, its internadibtrade is worth investigating.

1.2.3 Trade Balance

The trade balance is the difference between valwexports and imports. The trade
balance relative to real GDP for Saudi Arabia Hasws1 an opposite trend to that of the
consumption and investment ratios to real GDP. Rebat from 1970 to 1985, the
consumption ratio to real GDP shows an increasattem. The investment ratio to real GDP
also has an increasing pattern from 1970 to 1988veier, Figure 3-3 shows that trade
balance ratio to real GDP has a decreasing paiteiinl1 985.

Saudi Arabia experienced a slight trade defroin 1981 to 1985 because of a sharp
decline in the volume of exports associated witkelatively high level of imports. However in
1989, the volume of exports began to increaseivel&d imports. Figure 3-3 shows that the trade
balance ratio at the beginning of the century i€msmaller than that of the 1970s even though
both eras had relatively high real oil prices. Thiges evidence that the world oil prices are
important but do not have a dominant role in deireimg the trade balance ratio of Saudi Arabia.

Figure 3.3 Trade Balance to Real GDP Ratio
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Saudi Arabia is heavily engaged in internationadi¢r. A large portion of its trade occurs
with developed countries, since developed counimg®rt large amounts of crude oil to operate
their economies. In 2004, oil exports were abo 84 total exports, while the ratio of oll
exports to real GDP was 33% for the same year.tiHake balance ratio to real GDP shows only
a slight surplus.

As the economy of Saudi Arabia is integrated with world economy, a recession or
boom cycle in a developed country may have an effecdeveloping countries like Saudi
Arabia. To examine this theory, it is importanttampare the stylized facts of business cycles in

Saudi Arabia with the stylized facts of its tradetpers.

Primary Trade Partners:

The largest trading partners of Saudi Arabia aee Wmited States, Japan, and South
Korea, respectively in 2005. A long time-serieslafa on total trade for Saudi Arabia with trade
partners is not attainable from a single sourceisTthe data is drawn from several publications
of the Direction of Trade Statistics (DOTS).

Figure 3-4 shows that the total trade with prim@age partners has fluctuated over the
last three decades. In 1976, the total trade betwlee U.S. and Saudi Arabia grew by 82%;
while the U.S. real GDP grew by 4.3% for the sameaga compared to 1975 (Penn World
Table, 2007).

The volume of total trade between the U.S. and Saabia grew rapidly throughout the
1970s, including a growth rate of 98% in 1977 coraddo 1976. The U.S. economy grew at a
rate of 3.2% during the same year. However, in 1883total trade between the U.S. and Saudi

Arabia dropped by 27%, and Saudi Arabia experieresd economic growth. In 2000, both the
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U.S. and Saudi economies grew at rate of 2.4 %ba&bdrespectively, in comparison with 1999,
and their total trade transactions grew at ra265.

Figure 3.4 Total Trade with Primary Trade Partners
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The Japanese economy experienced negative growih28&6 beginning in 1998 and
continued with negative growth until 2003. Howewirere is mixed evidence in the trend of
total trade with Saudi Arabia as shown in Figur. 3-

In 1998, the total trade between Saudi Arabia amdtSKorea dropped by 31%, a period
where that the latter experienced a negative gr@f4%. Then, the South Korean economy
experienced a recovery from the Asian crises. SKotlea experienced a positive growth rate of
6.1%, while the total trade transactions with Sageiw by 22% for the same period. The
importance of these countries to the Saudi econcary be seen through calculating the
dependency ratio as follows:

Dt:Xst+MSt
Xyt M,

wt

1% This formula is used by Alam’s (2007) study. Theentive for using the dependency ratio formula is

that it gives information about the level of rella or engagement in trade between particulameaies.
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where, D, represents the trade dependency ratio of Saudii®rX ., is Saudi’s exports to trade

partners, andV, is Saudi’s imports from this trade partn¥f. and M, represent Saudi’s total

world exports and Saudi’s total world imports, redprely.

Table 3-3 reveals that the trade dependency rafitise Saudi Arabian economy could
be contingent on the business cycles. Table 3-@gae motivation to compare the stylized facts
of business cycles between primary trade partnenttes and Saudi Arabia. The dependency
ratio indicates that the Saudi Arabian economy wedatively more dependent on trading with
Japan in the mid-1970 to mid-1980s. However, theeddency ratio of Saudi Arabia with the
U.S surpassed that of Japan in the mid-1980s. Maiémwhe dependency ratio on South Korea
has steadily increased since 1974, even thougtatioes still less than the U.S. and Japan.

Table3.3 Dependency Ratio of Saudi Arabia

Year United States Japan South Korea
1974 5% 16% 2%
1980 16% 19% 3%
1986 17% 16% 3%
1992 20% 18% 5%
1998 19% 12% 7%
2004 17% 13% 8%

Source: Direction of Trade Statistics (DOTS), IMIRd authors calculations.

In the next section, | briefly present the mosterdgcpapers relevant to the subject
matter. The review presents the contribution byessvauthors for both developed and

developing countries.
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2.1. Literature Review

There are a large number of studies examiningdteaf different shocks in explaining
macroeconomic fluctuation for different countriesing Vector Autoregressive (VAR). These
studies incorporate the examination of a varietghaicks including monetary policy shocks, oil
price shocks, productivity shocks, and fiscal polktocks on the movement of real exchange
rates and economic growth in different countrieBisTsection reviews relevant studies that
utilized similar VAR methodologies, that incorpaatil prices as an exogenous external shock,
and that focus on less developed countries.

Aleisa and Dibooglu (2002) investigate the role re&l world oil price shocks in
explaining exchange rate movements in Saudi Arablee authors use a simple Vector
Autoregressive (VAR) framework. The objective oéithpaper is to examine to what extent
world price shocks are able to explain the exchaagemovements in Saudi Arabia. This study
uses a monthly data set from 1980 to 2000. Theirfgsdof this paper do not support the
importance of world oil price shocks in explainitige exchange rate movements in Saudi
Arabia.

In addition, Aleisa and Dibooglu (2004) investig#te role of terms of trade shocks in
explaining the fluctuations in aggregate outpué é&xchange rate, and the price level using a
VAR. This study uses quarterly data from 1980 tO®0Since quarterly data for output is not
available for Saudi Arabia, the authors use a prokyil production in Saudi Arabia. The
authors also use real oil prices as a proxy forte¢hms of trade, as they assume that the price of
Saudi Arabian imports is the numeraire. This sttaynd the terms of trade shocks explain a

larger proportion of the variation of exchange tagn those for output and inflation.
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Berument and Ceylan (2005) examine the role ofpaoite shocks on the economic
growth of some Middle East and North African coigsr(MENA)! The authors use a simple
VAR model where the growth rate of GDP does nogetite specification of the real world oll
prices. The study uses annual data from 1960 t8.2DQe to data constraints, the data range
used in the study differs across countries wittpees to years. The data in this study are
obtained from International Financial StatistidsS). The findings of this study indicate that a
transitory real world oil price shock has a stat&ly significant impact on the economic growth
of Algeria, Iran, Iraq, Jordan, Kuwait, Oman, Qafdyria, and Tunisia. Further, the authors find
that real world oil price shocks have an instarmasepositive effect on economic growth for all
countries, regardless of whether the country istaoit-exporter or a net oil-importer.

Olomola and Adejmo (2006) investigate the role ea&lrworld oil price shocks in
explaining macroeconomic fluctuations for the courdf Nigeria. The authors examine the
contribution of real world oil price shocks to aaot for the variability in the real exchange rate,
output, money supply, and inflation. The authoms giarterly data that cover the time span from
1970 to 2004. The authors utilize the ConsumereFndex (CPI) as a proxy for inflation. They
measure the real world oil prices by using the dsilngrice of crude oil deflated by CPI. The
authors use the VAR method and employ forecastirgg gariance decomposition to conduct an
analysis of a unit shock spread to the variabldbensystem. The findings of this study indicate
that real world oil price shocks carry an insigrafit effect on the macroeconomic activities as
measured by real GDP. The results also indicate rél world oil price shocks explain a

significant part of real exchange rate variability.

" The countries included in their study are AlgeBahrain, Iran, Irag, Kuwait, Oman, Qatar, U.A.EnYen,
Djibouti, Egypt, Jordan, Lebanon, Morocco, Syriagd & unisia.
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Ayadi (2005) investigates primarily the relationshietween real world oil prices and
industrial production in Nigeria. The study usesuterly data that covers the period from 1980
to 2004. This study uses a VAR where the authoigassforecasting error variance
decomposition to examine the contribution of thleshbck to the variables in the system. Ayadi
examines the contribution of real world oil prideosks on real exchange rate, discount rate
(using interest rate as a proxy), industrial prdidnc money supply, and inflation. The findings
of forecasting variance decomposition indicate tth&t contribution of real world oil price
shocks to the variation in inflation, discount rateal exchange rate, and industrial production

are 0.84 ,0.58, 0.30, 1.33 of the variables, respdy.

3.1 Causality Test

A simplifying assumption often made in the literatis worth discussing. It is commonly
believed that oil prices are determined by thetjali environment and not primarily controlled
by a profit-maximizing firm. In particular, the mlof Saudi Arabia as the largest global oll
producer is not dominant. This argument can be @i in a variety of tests. The Granger
Causality test is one method which supports themagton that the world oil price is exogenous
to the Saudi economy. The null hypothesis clainas 8audi production of oil does not Granger
Cause real world oil price changes.

An assumption underlying the standard estimati@tguiures is that the time series are
stationary, in the sense that the mean and variareendependent of time. However, many
economic time series are not stationary and changetime (Nelson and Plosser, 1982). Non-
stationarity is usually removed by taking firstfdiences. | use time-series statistical tools $b te

for the stationarity of the data.
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Stationarity and Unit Root Test
The Augmented Dickey-Fuller (ADF) unit root tesawapplied to the two-time series

variables of Saudi’s oil productio and real world oil priceB, . Table 3-4 reports the results

of the ADF of unit root tests and the results faillips-Perron controlling for serial correlations.
Based on the reported results in Table 3-4, thehyglothesis of a unit root cannot be rejected
for the levels of each variable. The test of theFADr oil production of Saudi Arabia at its level
shows that both the ADF statistic values are -2ui6 -2.1 without and with trend, respectively.
These are less in absolute values than their gameléng critical values at the 5% significance
level. In addition, for both variables real world prices and Saudi's oil production are not
stationary when controlling for the serial correlatbecause the PP statistics values are less in
absolute values than the critical values. To a&higtationarity, | differenced both Saudi’s oll
production and real world oil price time-seriesaddihe results show evidence that each time-
series is integrated of order one; that is, eadksses | (1). In the other words, both variables a
stationary at the first difference where ADF anddP&istics are greater in their absolute values
than their corresponding critical values.

Table3.4 ADF and PP Tests for Stationarity of the Time Serie

Level First difference
Variable ADF PP ADF PP
(-2.94) (-3.54) (-2.94) (-3.54) (-2.94) (-3.54) (-2.94) (-3.54)
Qs 216 -2.1 -2.43 -2.37 -4.75 -4.67 474 -4.65
P, -1.86| -1.98 -1.95 -1.98 -5.04 -4.9% -5.04 -4.95

The 5% critical values are given in parentheses

Next, the procedure for Granger Causality followgagati (2003). First, | regress the oll

prices only on all lagged oil price terms as foldlow
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APW = iqol AR—i

i=1
where AP indicates the differenced variable of real woritimices that is a function of its
lagged variable, ang represents those coefficients of the lagged redval prices. Table 3-5
reports the values for Akaike information criterighlC) and Schwarz information criterion
(SIC) for choosing the proper lagged variableshB&HC and SIC are reliable criteria to choose
the appropriate number of lagged variables, while (82nalize more for adding more regressors
to the model (Griffiths, et al., 1993).

Table 3.5 The criteria for choosing the lag length for real vorld oil price

Number of lags AIC SIC
1 4.13 4.18
2 4.23 432
3 4.32 4.46
4 3.98* 4.173*
5 4.029 4.263
6 4.138 4.421
7 4.26 459
8 4.38 476

* indicates the lowest value.

The residual obtained from this regression is dalhe restricted residual sum of squares

(RSS.,«eq)- The lowest values for both AIC and SIC are asded with number of lags equal

to four. The regression results including the laggalues for the differenced Saudi oil
production series is shown in Table 3-6, which repthe criteria values of AIC and SIC. Both

criteria suggest that the number of lags shouldlegje.
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Table3.6 The criteria for choosing the lag length for Sauds oil production

Number of lags AIC SIC
1 3.93* 4.17*
2 4.00 428
3 4.03 435
4 3.96 433
5 3.96 438
6 4.06 453
7 4.09 4.62
8 3.96 453

* indicates the lowest value.

Therefore, the unrestricted residud S, .....q) Can be obtained for the following

estimated regression:

4
AR =) ¢AR, +@AQ ,

i=1
where ¢ represents the coefficient for the four laggedaltalas for real world oil price, andr
is the coefficient for the lagged variable for thaudi oil production. Again the intent is to test
the null hypothesisH , : @ = 0, meaning the lagge@ term does not belong to the specification.

Hence, to test this hypothesis, | use the F-tekilkasvs:

= _ (Rssestricted - RS §restrictec) / ‘]: 3.45
estmated RS%nrestricted / ( T- &

where J represents the number of lagg€dterms. Thé& term is the number of estimated

coefficients in the unrestricted model, ahdepresents the number of observations. Therefore,
in this model the critical F-value is 4.18 for (Ada29 degrees of freedom). The results from the
Granger Causality test show that the estimatedléeva smaller than the critical F-value at the

5% level. Therefore, the null hypothesis is noeced. This result suggests that there is no
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direction of causality from Saudi production of tol real world oil price. Thus, real world oil

prices can reasonably be modeled exogenously t8dbdi economy.

4.1. Methodology

The role of real world oil price shocks in explaigimacroeconomic fluctuation in Saudi
Arabia is dynamic rather than static. AccordingSims (1980), the VAR approach is useful to
study the relationship among economic variablesl@s 2004). Thus, this chapter uses Vector
Autoregressive (VAR) to capture the dynamic relagioip among the variables of interest. More
specifically, this study uses a methodology of &treal Vector Autoregressive (SVAR) similar
to that by Cushman and Zha (1997). This chapteowads for two shocks, real world oil price
and productivity shocks. In addition, the methogbines imposing restrictions on VAR residual
supported by economic theory. It is reasonableldaoncthat a real world oil price can affect
Saudi macroeconomic variables. However, the sizéne{Saudi Arabian economy is relatively
small compared to the rest of the world so canigniificantly affect real world oil prices. Thus,
the block recursive model used in this chapter sagsreal world oil price is determined by its
own lags. Also, none of the lagged macroeconomitabkes of Saudi Arabia enter the real
world oil price specification. Real world oil priehocks, through their transmission to the Saudi
government revenue, could affect the productivitthin the economy. As the global economy
observes the price shock in the oil market, it egancentives for technology transfers to the
Saudi economy. Consequently, the lagged real woildorices enter the specification for
productivity. However, the lagged macroeconomidaldes of Saudi Arabia do not enter the
productivity specification. In addition, an increais productivity through technology transfers
increases labor productivity and earnings.

The model, using matrix notations, can be written:
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D(L)x(t) =&(t) (1.1)
where x (t) is a 3x1 vector of observationsD (L) is the 3x 3 matrix polynomial in the lag
operator L; ande(t) is the3x 1 vector of structural shocks. Thus, the specifaratf the model
is as follows:

R DLW 0 07 [0
x=Z [DD= DL DAY O |st){sl) w2
BV Dy(L) DyAL) DgL) &(t)
where P, represents real world oil priceZ, represents the productivity arV, represents the
endogenous variable of interest, that is, realwytmnsumption, investment, trade balance ratio,
or labor hoursD (0) is assumed to be non-singular, atl) is uncorrelated with past(t — h)
for h>0.

The restrictions aré,,(L)=0 and D,,(L) =0, so that the block exogeneity restrictions

imply the first blockP, is exogenous to the secod and third EV, blocks. To choose the lag

order for identified VAR, the Schwarz informationterion is the basis for choosing the proper

number of lags.

5.1. The Data

Annual data on gross domestic product (GDP), copsiom investment, exports, and
imports from the period of 1970 to 2005 at constaities are from Saudi Arabian Ministry of
Economy and Planning (200%3¢chievement of the Development Plans Facts andré&sgDue
to unreliable data from the period of 1923 to 1969 chapter uses post-1969 data. Following
Kose (2001, 2002), | use an employment proxy stheee are no data available for labor hours.

The data on exports and imports with Saudi Arabiafgest trade partners are drawn from
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several publications of thBirection of Trade Statistic€DOTS), IMF, 1981, 1993, 2000, 2002,
and 2005 issues. The data of Saudi oil productrendeawn from British Petroleum Company
(BP, 2006) reports. The world real oil prices algamed from the OPEC publications. The
gquarterly data of gross domestic product (GDP)saamption, investment, exports, and imports
from the period of 1970:01 to 2004:04 for primamgdie partners are obtained frémternational
Financial StatisticdFS (2005). The civilian employment data for S&u@rimary trade partners
are drawn fromOrganization for Economic Co-operation and DevelepinMain Indicators
OECD (2007). Civilian employment data for South &mare available only for post-1982:02. |
used the Solow residual as a measure of the piligdyctZz as follows:

logZ =logy — (1-« ) logL
where y and L are real output and labor hours, respectively. ddgtal stock from the Solow
residual equation is omitted for many reasons,utholg that data on capital stocks are not
available (Backus et al., 1995). The parameter is set to 0.32 because the share of iabo

output is often between 0.3 and 0.4 (e.g. Mendb28]; Blankenau et al., 2001).

6.1. Empirical Results:
The Hodrick Prescott filter (HP) is used to de-trehe variables series in this study. The
lag length is chosen based on Schwarz informatiberion and summarized in Table 3-7:

Tabl@.7 Lag Criteria Selection

Country Lag length
Saudi Arabia 1
United States 5
Japan 5
South Korea 5
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| estimate the VAR after imposing restrictiori3;,(L) =0, D,,(L)=0, andD,,(L)=0.
The dynamic effect of real world oil prices and guotivity shocks can be analyzed by variance
decomposition and impulse response functions (IRFable 3-8 reveals the variance
decomposition of the main macroeconomic variabiebeé case where there are two shocks, real
world oil price and productivity shocks. The forstarror variance decomposition tells us the
variation of the variable due to external shockisere the external shocks in this chapter are real
world oil prices and productivity. Thus, variancecdmposition examines the relevance of the
shocks. The results suggest that productivity sh@sdplain a large proportion of the variation in
the output scaled to 62.2% in the first period;lesmeal world oil price shock explains 12.5%.
The role of real world oil price shock in the véioa of the output decreased by half in the long
run. Yet a productivity shock continues to explaitarge variation of the output in the longer
time horizon. The result is consistent with theotlyethat when the real world oil price shock
occurs, it creates incentives for technology trarssto the Saudi economy. The productivity
increases, as a result of technology transferslyirtimat the technology parameter enters the

production function directly as follows:
Y, =Z K L™
whereY, represents outpu, is a productivity indexK, is physical capital, ang is the time
the representative agent spends workiags the capital share such that o < 1.
Furthermore, Table 3-8 shows that real world oitgmand productivity shocks explain
29.5% and 0.46%, respectively, of the consumptianation in the first period. The role of
productivity shock largely increases in the fiisefperiods. This is consistent with the fact that

agents become optimistic about the future econamie case of a real world oil price shock.

This apparently carries an effect on the agentslyetivity later. The real world oil price shock
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will appear to be a permanent shock to the expetifedme income, so this increases
consumption instantaneously. This result is coaststith consumption smoothing.

Table 3.8 Variance Decomposition of the Main Macroeconomicaldes for Saudi Arabia

Horizon Output Consumption Investment Trade balance Ratio Labor hours
Oil Productivity | OiIl Productivity | OiIl Productivity | Oil Productivity | Oil Productivity
Shock Shock Shock Shock Shock Shock Shock Shock Shock Shock

1 12.5 62.2 295 0.46 28.9 8.47 15.94 8.3 0.379 46.89
2 8.4 70.61 384 6.39 34.1 33.8 26.17 7.3 0.29 36.7
3 7.1 74.99 40.2 14.11 29.42 48.02 30.04 6.73 0.294 1672
4 6.66 75.99 38.95 18.5 25.9 53.9 306 6.8 0.29 30.48
5 6.46 75.31 37.7 19.7 24.96 54.93 30.42 6.8 0.283 .031
6 6.36 74.4 37.32 19.5 25.56 54.2 30.35 6.85 0.278 .8631
7 6.3 73.71 37.43 19.3 26.15 53.65 304 6.85 0.276 4132
8 6.3 73.43 37.54 19.4 264 53.6 304 6.85 0.276 32.6
9 6.3 73.4 37.53 19.6 26.3 53.7 304 6.85 0.276 32.68

Long

run 6.3 73.4 37.48 19.6 26.3 53.8 304 6.85 0.276 32.66

In addition, the real world oil price shock exp&iB8.9% of the variation in investment
in the first period; while productivity explains lgr8.47%. The role of productivity shocks in
explaining the variation in investment increasesulgh time so that it is relatively more
important than real world oil price shocks in thad run. With higher expected lifetime income,
the agent consumes and invests more. The increaseedstment causes the capital stock to rise.
The increase in the capital stock indirectly caubesproductivity to increase. The real world oil
price shock explains a relatively larger proportiorthe variation of trade balance ratio to output
than the productivity shock in the first period.the long run, the results show that 30.4% and
6.85% of the variation in trade balance ratio iglaxed by real world oil price and productivity
shocks, respectively. The role of real world oikprshock seems to be trivial to labor hours. A
plausible explanation of this result comes from thet that the oil sector is capital intensive

rather than labor intensive.
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Impulse Response Function:

The Impulse Response Functions (IRF) examine theaaaonomic variables’ response
to a single transitory shock in real world oil gscand productivity, respectively. Figure 3-5
shows the response of macroeconomic variablessiogle temporary shock in real world oll
prices. A sudden increase in the real world oit@ias a statistically significant impact on the
real output only in the first period, while it has statistically significant impacts thereafteridh
is consistent with the theoretical model that sstg¢hat real price shocks are quantitatively
unimportant to the volatility to the overall econpmA temporary one standard deviation
increases in real oil price shock increases consomgsignificantly by 3.1%. However, the
effect of this transitory shock on consumption begb die out in the second period. This shock
is statistically insignificant after the third pedi.

In addition, a one standard deviation shock in reakld oil price increases the
investment by 4.1%. The effect of this shock begindie out after the second period, becoming
statistically insignificant. It should be noted tha sudden world oil price shock leads to an
immediate increase in both consumption and investtais is consistent with the fact that
economic agents become more optimistic about aittgevhigher expected permanent income.

The effect of the real world oil price shock ondalthours is not statistically different
from zero. A one standard deviation shock in reakldv oil prices leads to an immediate
decrease in the trade balance ratio in the firsiogde This shock is negative and statistically
significant. The effect of the shock trade balarat® begins to die out after the second period.
This clearly shows that an increase in the realldvoil price does not necessarily lead to an
increase in the trade balance ratio. The immeeifféet of the real world oil price shock on trade

balance ratio is sensible given a rise in the partxost of the imported goods by Saudi Arabia.
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Figure 3.5 Effect of Single Transitory Real World Oil Price Shock on the Macroeconomic

Variables for Saudi Arabia.
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Figure 3-6 presents the impact of a transitory petidity shock. A sudden one standard

deviation shock in the productivity puts the ecogamto a booming cycle, up 3.5%. The IRF

obtained from the data shows that the role of ttoelyrctivity shock on the overall economy of

Saudi Arabia is statistically significant. Inteliegly, the immediate effect of the productivity

shock on output exceeds that from real world ateshock, and its effect lasts much longer

than a real world oil price shock. This is congisigith what our theoretical model suggests.
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Figure 3.6 Effect of Single Transitory Productivity Shockon the Macroeconomic Variables
of Saudi Arabia
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The following quote is useful in understanding tthgnamic impact of a

“A more persistent increase in productivity woukhd to raise

wealth more significantly by raising future output..incentive to

increase investment would plausibly be reduced lasdncentive

to increase consumption would be increased. Thexddabe also

less incentive to work harder today because thdthvedfect is

stronger and intertemporal substitution effeceduced.” (Charles

1989:pp.56)
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The results of the IRF indicate that the wealtledffis dominant for the case of Saudi
Arabia, at least in the short run. Thus, with adoidivity shock, investment increases by 2.1%.
The effect of productivity shocks on investmentibsedo die out after the third period, and after
the fifth period the effect is insignificant. A oséandard deviation shock in the productivity is
significant only during the second and fourth pasidor consumption. This transitory shock
causes “less incentive to work harder today”, dnd labor hours decrease by 3.1%. However,
this effect of the shock is insignificant after tsecond period. A temporary one standard
deviation productivity shock increases the tradar=e ratio by 1.9% in the first period; in other
periods, the effect of the shock is not statistycdifferent from zero.

Figure 3.7 Inverse Roots of AR Characteristic Polynomial
1.5

Theoretically, the IRF is obtained from a VAR systélo ensure the stability of a VAR
system, one way is to note the die out aspectarRifrs. Another method to confirm this aspect
is to find if all roots have a modulus less thare @md lie inside of the unit circle. Figure 3-7
shows that all units lie inside the circle, andsthhelaim the stability of the VAR system. If the

unit roots happen to be outside the unit circlenpthclaim that the VAR system is unstable.
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Accumulated Impulse Response Function:

The accumulated response function allows the exatiom of the long run relationship
between variables. Two variables are said to haleng run relationship when their relation
does not die out in the long time horizon. Figui@ @resents the effect of permanent real world
price shocks on the main macroeconomic indicatbSaadi Arabia. The accumulated response
function shows that there is no statistically siigant long run relationship between real world
oil prices and real output.

Figure 3.8 Effect of Permanent Real World Oil Price Shoclon the Macroeconomic
Variables of Saudi Arabia
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The evidence from the accumulated response fundlicggests the existence of a
statistically significant relationship between realrld oil prices and both consumption and trade
balance ratio. The relationship between real waildprices and investment is statistically
significant until the fourth period. In additionhe accumulated response function does not
support the existence of a long run relationshitwben real world oil price and labor hours
which is somewhat consistent with the findingsha# theoretical model in that the effect of ol
price shocks is positive but very small. It is alsgportant to examine a single permanent
productivity shock to verify the relative importanof the productivity shock to that of a real
world oil price shock.

Figure 3-9 shows the existence of a bilateral lang relationship between the
productivity shock and real output. The accumulat®d supports a strong statistically
significant long run relationship between produtyiand real output in Saudi Arabia. This is an
important finding for two reasons. First, this ansistent with the predictions of our theoretical
model in that productivity is a driving force of $imess cycles in Saudi Arabia. Second, it
suggests that policymakers interested in increasirigut in Saudi Arabia should be concerned
with increasing productivity through adopting neagtinologies to increase economic prosperity.
For example, the policymakers should continue @igng economic resources and reducing
their reliance on oil.

Furthermore, the evidence from the accumulated #Rpports the existence of a
statistically significant bilateral long run relatiship between productivity and consumption,
beginning from the third period. The evidence agpports a strong statistically significant long
run relationship between productivity and investtmé@m Saudi Arabia. Not surprisingly,

productivity has a long run relationship with intreasent due to the importance of the effect of
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new capital on productivity. This is consistenthwthe fact that most of the investment in Saudi

Arabia comes from the non-oil sector. The effecagbiermanent productivity shock on labor

hours is insignificant after the third period. Taecumulated IRF does not support a bilateral

long run relationship between productivity and tifaele balance ratio.

Figure 3.9 Effect of Permanent Productivity Shock on the Mcroeconomic Variables of

Saudi Arabia
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Saudi Arabia, along with the rest of the worldheavily engaged in international trade.

A large portion of its trade transactions occurhwttie United States, Japan, and South Korea.

Thus, empirically examining real world oil price oglks versus productivity shocks is
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worthwhile. Therefore, variance decomposition isdu examine the relative importance of the

shocks to these economies.

7.1. Primary Trade Partners
Trade data show that Japan ranked as the toppeatieer for Saudi Arabia until the mid-

1980s, while the United States ranked second. 8 1the total trade between United States and
Saudi Arabia began to grow rapidly. South Koregksaas the third primary trade partner for
Saudi Arabia. This section examines the impacgealfworld oil price versus productivity shocks

on the main macroeconomic variables for those cmmt

United States:
The economy of United States is the largest invthdd. The United States engages in

trade with many countries, including Saudi Arafihe United States mainly imports crude oil
from Saudi Arabia to operate its industries. Ic@mmonly believed that high real world oil
prices negatively impact the U.S. economy, at l@aghe short run. There are many studies
discussing the causes of U.S. macroeconomic fltionsm (Hansen and Prescott, 1993;
Hamilton, 1983; Kilian, 2006; and Kim and Loungab®92). However, this section focuses on
the relevance of a real world oil price shock verauproductivity shock to the U.S. economy.
This enables us to compare the effect of real waoitigrice shocks on the U.S. with that of Saudi
Arabia.

Table 3-9 reveals that the variance decompositidheomain macroeconomic indicators
for the United States in the case where therevaveshocks, real world oil price and productivity
shocks. The results show that productivity shocksrelatively more important than real world

oil price shocks for almost all U.S. macroeconomiicators. In the first period, productivity
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shock explains 90.82% of the variation in outputjlevreal world oil price shock explains only

0.81%.

Table 3.9 Variance Decomposition of the Main Macroeconoraivariables for United States

Horizon Output Consumption I nvestment Trade balance Ratio Labor hours
Qil Productivity Qil Productivity Oil Productivity Qil Productivity Qil Productivity
Shock Shock Shock Shock Shock Shock Shock Shock Shock Shock
1
0.81 90.82 0.16 21.75 0.42 44.1 2.55 0.00008 0.39 4234
4
2.81 91.54 1.24 14.6 2.85 58.5 8.498 4.34 0.65 777.9
8
14.12 81.21 11.8 10.71 15.74 44.19 13. 7.1 16.031 65.5
16
17.1 78.6 13.91 10.86 17.3 44.9 12.78 15.05 193 1559
24
17.93 77.6 14.04 11.07 17.48 44.1 11.9 17.2 199 4955
Long
run 18.45 77.1 14.1 11.131 17.54 43.96 11.4 17.8 19.48 525

The role of a real world oil price shock increakegely in the long run, and it explains
18.45% of the variation. In the first period honzgroductivity shocks are relatively more
important in explaining the variation in consumptiand investment, explaining 21.75% and
44.1% of the variation respectively. In the lorngeihorizon, the real world price shock explains
14.1 and 17.54 percents of the variation in congiomm@and investment respectively. In the long
run, the real world oil price shock explains a ¢gegroportion of the variation in consumption
than productivity shock. The variation of trade dvale ratio explained by productivity shock
increases from nearly zero in the first period 788% in the long run. In the first period, 0.39%
of the variation in labor hours is explained byl iearld oil price shocks, while 44.23% of the
variation is explained by productivity shocks. Thariation in labor hours explained by
productivity shocks increases in the long run to6%2 while the variation explained by real

world oil price shocks increases to 19.48%.

Japan:
Japan is one of the most developed countries invthiid. Japan was the leading trade

partner of Saudi Arabia until the mid 1980s. Japeinly imports crude oil from Saudi Arabia.
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Table 3-10 shows that a real world oil price shsclelatively less important than a productivity
shock in explaining the variation in output, congdion, and investment. This holds for both the
short and long run. However, real world oil pridesk explains 10.6% of the variation in the
trade balance ratio in the first period, while protivity shock accounts for only 0.35%. The
productivity shock explains a greater proportiorthod variation in labor hours than real world
oil price shock in both the short and long run.

Table 3.10 Variance Decomposition of the Main Macroeconoimvariables for Japan

Horizon | Output Consumption I nvestment Trade balance Ratio | Labor hours

Oil Productivity | Oil Productivity | Oil Productivity | Oil Productivity | Oil Productivity

Shock| Shock Shock| Shock Shock| Shock Shock| Shock Shock| Shock
1

1.59 95.97 0.97 69.22 2.021L 68.07 10.6 0.35 5,32 15.3
4

2.3 94.93 1.99 69.22 1.39 65.86 8.1 9.78 4.02 34.2
8

1.87 91.75 2.54 69.09 3.85 66.33 13.p 15.46 37 36.1
16

1.91 90.77 2.8 67.82 5.21 66.56 16.6 18.82 4.0 35.1
24

1.95 90.9 2.93 68.0 5.43 66.63 17.2 19.4 4.23 32.4
Long
run 1.97 90.8 2.98 68.1 5.371L 67.3 17.8 19.5 4.29 32.2

South Korea:
South Korea is considered the primary trade paitmére group of East Asian Tiger

Countries (EATC). During the early 1960s, South é&rhad an economy that was
comparable to underdeveloped countries in Africaweler, in the last three decades, the
South Korean economy has been rapidly growing. Ehue to government promotion of
importing raw materials and advanced technologyL988, statistics show a negative growth
of 6.6%, which is attributed to the famous Asiarsisr However, economic growth has
returned since then and was 3.3% and 6.2% in 20012802, respectively (World Facts,

2007).
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Table 3-11 presents the variance decompositioheofitain macroeconomic variables
for South Korea. The results indicate that a readldvoil price shock explains 0.01% of the
variation in output in the short run and about ¥4in the longer time horizon. The
productivity shock explains 93.23% and 80.6% of\hagation in the output in the short run
and long run, respectively. In addition, a produttishock explains 44.9% of the variation
in consumption in the first time horizon, while theal world oil price shock explains only
4.53%. The productivity shock continues to be muorgortant than the real world oil price
shock in explaining the variation in consumptiorthie long run. For investment variation, a
real world oil price shock explains 1.23% in thestfiperiod, while productivity explains
40.12%. The variation in investment, as explaingthle real world oil price shock, increases
in the longer time horizon. However, the produtyivshock continues to explain a greater
proportion of the variation.

Table 3.11 Variance Decomposition of the Main Macroeconoim variables for South Korea

Horizon Output Consumption Investment Trade balance Ratio Labor hours
Qil Productivity | Oil Productivity | Oil Productivity | Oil Productivity | Oil Productivity
Shock | Shock Shock| Shock Shock| Shock Shock| Shock Shock| Shock

! 0.01 93.23 4.53 44.9 1.23 40.12 2.4 8.1 0 2| 545

4 0.3 93.88 13.64 39.8 7.74 33.2 22|17 8.8 5 4] 611

8 1.04 92.4 14.44 39.79 6.8 373 25|5 8.6 2 4] 64.0

16 1.46 87.2 154 40.1 5.81 40.1 2472 10.14 4.3 65.9

24 145 84.3 15.34 41.12 5.14 412 2416 10.31 4.1 66.48

rLL?:g 141 80.6 15.2 41.63 45 4142 2415 104 95 3| 66.34

The real world oil price shock explains a smallergentage of the variation in the
trade balance ratio than the productivity shocksdoe the short run. In the long run,
however, the real oil price shock explains a grepércentage of the variation in the trade

balance ratio than does the productivity shock. Vheation in labor hours is largely

99



explained by productivity by 54.5% and 66.34% ie thist period and long time horizon,

respectively.

The Effect of a Transitory Real World Oil Price Shack on the Economic Activities of
Primary Trade Partners:

To drive the analysis of the IRF findings, it isgortant to identify the economic
position of each country. Saudi Arabia is considdebe an oil exporting country, while its
primary trade partners are commonly known as neihgorting countries. Thus, | would
expect the real world oil price shock to carry emmiediate negative effect on the primary
trade partners, while carrying a positive effecttba Saudi economy. Figure 3-10 reveals
that a one standard deviation transitory shockeal world oil prices does not have an
immediate significant effect in the U.S. overalloeomy; however, this effect has a
statistically significant negative effect betweba fifth and seventh periods.

Figure 3.10 The Effect of Transitory Real world Oil Price Shockon the Real Output of
Major Trade Partners of Saudi Arabia
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Additionally, the immediate effect of the real wbrbil price shock on Japan and
South Korea is not statistically significant. Thizes not necessarily mean that the real world
oil price shock does not carry adverse effectshessé economies. However, the economies
of some oil importing countries could enter intoeaession cycle if the increase in the real
world oil prices surpassescertainthreshold levelln addition, some oil importing counties
have better success in absorbing the high reapraies by increasing the prices of their
exported goods.

The variance decomposition shows the relevancehef groductivity shocks in
explaining greater variation in the real outputntitae real world oil price shock for Saudi
Arabia. This also holds for their primary tradingrmers in both the short and long term. The
real world oil price shocks explain a greater prtipa of the variation in consumption than
productivity shocks in the long run for both SaAdabia and the United States; the opposite
is true for Japan and South Korea.

The productivity shock is dominant in explaininge thariation in investment for
Saudi Arabia and its primary trade partners inldimg term. The real world oil price shock is
relatively more important in explaining the varaatiin trade balance ratio for Saudi Arabia
in both the short and long run. Of the three prymaading partners, the effect of the real
world oil price shocks on the United States isrtiast comparable to that of Saudi Arabia.

Oil importing countries often express concern alibateffects of sharp increases in
the real world oil prices. That is to say, thesantdes believe an increase in the real world
oil prices has adverse effects on their econonigs. results of this chapter show that the
fears of oil importing countries appear to be otatesl. However, there might be adverse
effects that this study did not capture. For examiile empirical real world oil price shock
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could have led to an adverse effect on the ecowiigprimary trade partners of Saudi
Arabia if it exceeded a certain threshold level.other possibility could be that the

relationship between real world oil prices ande¢henomic activities is non-linear.

8.1. The Stylized Facts

Studying the properties of business cycles in Bauwdbia and its trade partners is
essential for finding potential similarities andfeliences between the features of these different
economies. Table 3-12 shows the properties of bssitycles from 1970 to 2005 for Saudi
Arabia. It illustrates the properties for the UditStates and Japan from 1970:01 to 2004:04. It
reports the properties of business cycles for Séwttea from 1982:02 to 2004:04. The reason
for not considering the same time range is dueh® unavailability of the data for some
countries. The findings of these stylized factsJapan and the United States are consistent with
those properties reported by Backus, et al. (149%he data used to produce the volatility,
correlations, and autocorrelation are filtered gghre Hodrick Prescott procedure.

Table 3-12 presents the volatility of the main neaconomic variables as measured by
standard deviation. The correlations measure then@eement, while the autocorrelations
measure the persistence of the variables. Thatgay, the consumption volatility for all Saudi’s
trade partners is less than the volatility in otatpiowever, the consumption volatility for Saudi
Arabia is higher than the volatility in output. Thelatively greater consumption volatility is
attributed to a rapid rate of economic developmdrnith occurred in Saudi Arabia in the decade
of 1970s relative to those of its primary tradetipenrs. The volatility of the trade balance ratio to

output is much higher for Saudi than for most eftiade partners. Investment is more volatile

18| perform similar steps to that of Backus, e(#095) using their data range that covers the gdraom 1970:01
to 1990:02 to arrive at their exact numbers. Therrform the same steps again with a differenetrange and
countries to report the numbers in Table 7-1.
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than output, while employment is less volatile thatput for Saudi Arabia and its trade partners.
In addition, the persistence of output for SaudilAa and the United States are high, while it is
relatively low for Japan. When | omit the 1970snfrgdhe time series data for Japan, the
persistence for the output increases to 0.80.

Table 3.12 Properties of Business Cycles for Saudi Arabend its Primary Trade Partners

Standard Ratio of Standard Deviation to Autocorrelation Correlation with Output
Deviation % that of {y}
y tb c [ n y c [ tb n
Saudi Arabia | 7.28 | 10.5 1.24 2.2 0.91 0.70 0.17| 0.64 | 0.60 | -0.13
United States| 1.58 | 0.44 0.62 2.73 0.85 0.86 085 093 044 0p6
Japan 3.83| 0.79 0.99 1.37 0.38 0.029 0.96 | 0.87 | -0.07 | 0.13
South Korea | 8.03| 3.29 | 057 1.46 0.48 -0.31 0.85] 0.93 | -0.44 | 0.66

For Saudi Arabia, Data covers the period from 19005. Statistics are based on Hodrick-Presco#féill data. Variables are y
real output| real fixed investment, ¢ real consumption, N d¢anlemployment, TB ratio of net exports to outgsfatistics refer to
logarithms. SourceAchievements of the developments plans (2@D&fa provided at constant prices {deflated by thublsher}.
The data for primary trade partners are obtainethfmternational Financial Statistics (IFS) 2005eTcivilian employment data is
obtained from the OECD’s Main Economic Indicatofee data for Korean civilian employment only avhl&for post-1982:03.

The result of the autocorrelation for South Kore@uzzling. The cross correlation with
output shows that both consumption and investmenpeocyclical. Trade balance ratio appears
to be procyclical for Saudi Arabia, while it is cdarcyclical for its largest trade partners.

Employment is countercyclical for Saudi Arabia, i&ht is procyclical for its trade partners

9.1. Conclusion

This study examines empirically the role of realrmil price shocks in explaining the
main macroeconomic fluctuations of Saudi Arabia @sdprimary trade partners. This study
complements the theoretical model in the previouapters. In addition, this study builds a
foundation for future studies in examining the imipaf real world oil price shocks on the

economies of the primary trade partners of Saudb#.
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The findings of this study are somewhat consisteith previous studies and are
encouraging for potential future work. This res@afiods that a productivity shock contributes
largely to business cycles of Saudi Arabia andrétde partners. The real world oil price shock
explains more of the variation in the consumptiol éanvestment in the short run for Saudi
Arabia, while the contribution of the productivihhock becomes dominant for investment in the
long run.Using accumulated impulse response functions, gshisy does not support the
conclusion that there are bilateral relationshipsMeen real world oil prices and the real
output of Saudi Arabia. Converselhe accumulated impulse response function supports
strong, statistically significant long run relatgimp between productivity and real output in
Saudi ArabiaThis finding is consistent with our theoreticalaebin the previous chapters.

Moreover, | would expect that the relative impodarf productivity shock found in
this research could be due to the effort by thécpwmlakers of Saudi Arabia in diversifying
the economic resources. That is to say, the roleiloshocks could have diminished the
relative importance of productivity shocks in expiag business cycles. The results suggest
that policymakers of Saudi Arabia should focusmereasing and adapting new technologies
to increase the productivity in the economy. Thesgeases in productivity can also be
achieved by putting more resources into educatsuch policies are likely to increase the
prosperity level of the Saudi economy in the loag.r

The transitory shock of real world oil prices doed have a significant impact on the
overall economic activities of the primary tradetpars of Saudi Arabia. The results of this
chapter show that the fears of oil importing costappear to be overstated. However, there
might be adverse effects that this study did n@tw®. For example, the empirical real

world oil price shock could have led to an advesfect on the economies of primary trade
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partners of Saudi Arabia if it exceeded a certaraghold level. Another possibility could be

that the relationship between real world oil prieesl the economic activities is non-linear.
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