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1. Empirical Framework

In the essay, | estimated a recursive vector autoregression analysis where oil price was assumed
to be strictly exogenous and government expenditure and non-oil GDP would respond

contemporaneously and with a one-year lag to oil price shocks:
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i =1..N (countries), t = 1...T (years).

Results suggested that oil price shocks have significant impact on both government expenditure
and non-oil GDP, with the impact being larger the larger is the size of government, measured as
the ratio of government expenditure to non-oil GDP. The study, however, did not investigate the
possibility that the endogenous variables in the model may respond only to permanent shocks as
it did not distinguish between temporary and permanent shocks. Current report is trying to
address that by analyzing the response of the endogenous variables of the model to shocks to oil
price trend (trend shocks) versus changes in the cyclical component of the oil price (cyclical

shocks). I use oil price data at annual basis starting from 1970 until 2016.2

1.1. State Space Model

To decompose the series into a permanent and cyclical component, | follow the literature (Clark,

1987; Schwartz and Smith, 2000) and develop a univariate Unobserved Components model,
Ye =N+ Xy, (2)

where y, is the real oil price level, n, is the trend and x, is the cyclical component. Trend is
assumed to receive shocks to both its level and its slope,

2| use annual data because the main database is at annual frequency and to be able to feed the decomposed oil price
series into the vector autoregression system, the obtained series should be annual.



Ne = U + Mg T 0
e = He—q T Wy, 3)
and the cyclical component follows a stationary AR(1) process,
Xe = P1xe 1 + e 4

The disturbances v,, e,, and w, are mutually independent and normally and independently
distributed with mean zero and variance . Imposing o2 = 0, generates a smoother trend — called
integrated random walk trend. If both ¢2 and o2 are set to zero, the trend becomes deterministic.

Finally, setting 2 to zero reduces the trend to a random walk with drift, u.

1.2. Updating and Estimation

Based on the model explained by equations (2) to (4), | form a state-space model and use
Kalman filter, in the manner of Hamilton (1994), to obtain estimators of the components of the
model. The unknown parameter ¢, is estimated by constructing a likelihood function from
random innovations drawn from a uniform function and imposing positive variances and

stationary equation (4), |¢,| < 1, and maximizing it by an iterative procedure.
Y, =DX, +V,, Q)

Xt = AXt—l + CUt, (6)

n¢
D=[1 1 0], X = xtl
He
1 0 1 oy 0 0
A=|(0 ¢, Ol, C=[0 O, Ol, U~N(0,1), V,=0.
0 0 1 0 0 o,

The unobserved state vector evolves according to the following equation:
Xt|t = Xt|t—1 + Kt(yt - DXt|t—1)- @)
K, is the Kalman gain,

! ! -1
K, = Ptlt—lD (DPt|t—1D + Ew) ) ®



where x,, is the variance covariance matrix of the errors in the observation equation (5)2 and
Pyr—y = APr_y e 1A'+ CC',  (9)
where P,_,._, is the covariance matrix,
Pesje-s = E[(Xeey = Xeajer)(Xems = Xeaern) |, (10)
and X,_,.—, is the estimated value of the previous period.

Following Hamilton (1994), the log likelihood function is defined as,

T
Tn T ’ -
1) = — 71n(2n) - Eln(det(DPtlt_lD' +3,,)) + Z(Yt —DXyjr—1) (DPye—1D’ +2,y) 1(Yt — DXyjr—q)-(11)

t=1

2. Stylized Facts
Below I report the new series for the trend and the cyclical component of the real oil price series:
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3 Since no error term enters equation (2), Z,,, = 0.



According to above charts, the model identifies the large changes in oil prices in 1974 and 1979
as break in the trend, while 2009 decline is attributed mostly to changes in the temporary
component — a trend outlier. To see these stylized facts better, the following chart illustrates the

contribution of each component to changes in the real price of oil since 1970s:
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It is clear that the model attributes most of the changes in the oil price during 1970s to changes in
the trend. In the recent period, while results show a mixed contribution by both long-term and
short-term factors, short-term factors seem to have become the dominant driver of changes in the

oil price.

3. The Impact of Oil Price Shocks Revisited

Figures 1 and 2 show the (cumulative) response of government expenditure (i.e. total, current,
and capital expenditure) and non-oil growth to shocks to both trend and cyclical component of

the oil price as well as shocks to oil price level for the period of 1990 to 2016.

Both IRFs and cumulative IRFs support the hypothesis that shocks to oil price trend cause
much stronger reaction in the endogenous variables of the model (government
expenditure and non-oil growth) than shocks to the irregular par to of the oil price series.
Trend shocks create stronger impact than shocks to the level of the price, which was studied in
the previous section. Panel A, B, and C in the appendix show the same IRFs and cumulative
IRFs for the full spectrum of the government spending to non-oil output ratio along with their

confidence intervals.



Figure 1. Impulse Response of Government Expenditure and Non-Oil Growth to Oil Price Shocks
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Figure 2. Cumulative Impulse Response of Government Expenditure and Non-Oil Growth to QOil

Price Shocks
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5. Appendix
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A.1. Total Expenditure - CUMULATIVE IMUPULSE RESPONSE FUNCTION
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.2. Current Expenditure - IMUPULSE RESPONSE FUNCTION
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A.3. Capital Expenditure - IMUPULSE RESPONSE FUNCTION
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Panel B
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B.1. Total Expenditure - IMUPULSE RESPONSE FUNCTION
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B.2. Current Expenditure - IMUPULSE RESPONSE FUNCTION
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B.2. Current Expenditure - CUMULATIVE IMUPULSE RESPONSE FUNCTION
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B.3. Capital Expenditure — IMUPULSE RESPONSE FUNCTION
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C.1. Total Expenditure - IMUPULSE RESPONSE FUNCTION
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C.3. Capital Expenditure - IMUPULSE RESPONSE FUNCTION
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C.3. Capital Expenditure - CUMULATIVE IMUPULSE RESPONSE FUNCTION
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