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Abstract

On the one hand the high price of oil is a unigppastunity for African oil producers to use the
windfall gains to speed up their development. Gndther hand, it is having adverse effects on
net-oil importing countries, in particular thoseialhcannot access international capital markets
to smooth out the shock. We construct a dynamichststic general equilibrium model, which is
tailored to reflect the characteristics of Africaconomies, to quantify the effect of the increase
in the price of oil on the main macro economic agagtes. The model is general enough that it
imbeds both oil producing and oil importing couesti Our results indicate that a doubling of the
price of oil on world markets with complete passotigh to oil consumers would lead to a 6 per
cent contraction of the median net-oil importingigdn country in the first year. If that country
were to adopt a no-pass through strategy, outputldvoot be significantly affected but its
budget deficit would increase by 6 per cent. Astfog median net oil exporting country, a
doubling in the price of oil would mean that itsogg domestic product would increase by 4
percent under managed-float and by 9 percent uadeted exchange rate regime. However,
inflation would increase by a much greater magmitudder managed than a fixed exchange rate

regime in a median net oil exporting country.
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1. Introduction

While a barrel of crude oil was trading between &h8 $23 in the 1990s it crossed the $40 mark
in 2004 and traded at around $60 from 2005. Dutiregsummer and fall of 2007, the price of
one barrel of crude oil jumped above the $70 mamtt aven reached $80. Although, in real
terms, the price of oil is still lower than in ttege 1970s and early 1980s, the recent upsurge can
have dramatic consequences on oil-importing coestiThe impact of high oil prices is likely to
be even more severe in countries that are ovepgrtent on oil and/or have limited access to

international capital markets. This descriptionrelegerizes many African economies.

Net-oil importing countries have explored a numifepolicy options to cushion their economies
from the adverse impact of the high price of ail2D06 the African Development Bank (AfDB)
implemented a survey to investigate the extent hickvgovernments of its Regional Member
Countries (RMCs) have intervened on the retail m@aflor fuel to limit the pass-through of
international oil prices. Out of the 24 RMCs on @rhiwe have data, 20 had legislation in place
to control the retail price of gasoline and onligatl full pass-through. As a result, while the price
of oil had nearly doubled between 2000 and 200Byetktic prices have increased at a much
slower pace. For example, the price of regularigagased by 65 percent in Benin, 76 percent
in Mali and 77 per cent in Mauritius. Interestingtiie retail price of price was even inversely
correlated with the world price of crude oil fornse period (e.g. Mauritius). Moreover, the
survey indicates that governments subsidize, ot lihe pass through of, kerosene more than

other types of fuel on the grounds that it is coned by the poor.

Further evidence of government intervention in finel market is provided by a 2006 World
Bank survey conducted in 36 developing countridswére found to have suspended market-
based pricing to avoid full pass through of the ldigrice of oil to domestic customers (ESMAP,
2006). In addition, 12 others were already contiglifuel prices which meant that they were
pricing fuel below the true international markeursglent. More recently, Baig et. al. (2007)
find that only half of 44 developing and emergingrket countries have fully passed-through the

increase in international fuel prices to consunbetsveen 2003 and 2006.

As for oil-exporting countries, they stand to béinebm the significant influx of foreign revenue

which they could harness for their development.yTdne challenged to manage the oil windfalls
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for the benefit of the whole population, as well fagure generations, and cushion their
economies against any Dutch disease. However, e¢nefits of the high price of oil are not
evenly spread across Africa. The 5 top oil-prodgaiountries (Nigeria, Algeria, Libya, Angola
and Egypt) account for more than 80 per cent ofcihr@inent’s production. At approximately
$60 dollars per barrel of oil, the average presahie of oil reserves is $33,000 for each resident
of an oil-producing African country. Oil-producingpuntries with small population, which in
addition are currently quite poor, stand to benafibstantially on a per capita basis. While oil-
exporting countries obviously benefit from high prices, economies that are heavily reliant on
oil exports can become vulnerable to the Dutchatise Again, this is the case of most African

oil-exporting countries.

While there is a large literature on the macroeaanaffects of oil-price shocks, most are based
on vector autoregression (VAR) models (see for gptarklamilton (1996) and Bernanke, Gertler
and Watson (1997)). Although these models are Useftharacterize the statistical relationships
between economic variables and to establish retestgiized facts, they lack economic content
and do not reveal mechanisms through which shoobgagate. In addition, the reduced-form
nature of VAR models renders them subject toliines critique. To the best of our knowledge,
only a handful of studies analyze the effects d¢fpdce shocks within a dynamic stochastic
general equilibrium (DSGE) framework. Notable ex#spare Rotemberg and Woodford
(1996), Backus and Crucini (2000), Leduc and S2004), and Medina and Soto (2005).
Moreover, none of these earlier papers is concenigdeffects of oil prices or is specific to the

context of African economies.

This paper departs from the existing literatureubing a DSGE model to study the quantitative
effects of oil-price shocks on oil-importing and-exporting African economies. Our model
belongs to the class of new open-economy macro@scnoodels, which have become the main
tool used in modern international macroeconomit¢ee model developed in this paper is more
general than these earlier ones and is betterdstatethe African economies. Our model is one
of a small open economy that shares some featuitbste models developed by Kollmann
(2001), Bergin (2003), and Bouakez and Rebei (2005)

Our results indicate that a doubling in the worhitg of oil can lead to an important loss in

output and consumption and to higher inflation ikimporting countries, especially if these



countries operate under a fixed exchange rate ediime adverse effect on output, however, can
be mitigated through government intervention ootigh foreign aid. More specifically, our
results indicate that a doubling of the price dfvath complete pass through would lead to a 6
per cent contraction of the median net-oil impatisfrican country in the first year. If that
country were to adopt a no-pass through strategiypud would not be significantly affected but
its budget deficit would increase by 6 per cent.fésthe median net oil exporting country, a
doubling in the price of oil would mean that itsogg domestic product would increase by 4
percent under managed-float and by 9 percent uadeted exchange rate regime. However,
under inflation would increase by a much greategmtade under managed than a fixed

exchange rate regime in a median net oil expodmtry.

Government intervention limits the degree of pdsestgh from the world price of oil, which
shields the economy from higher input costs. Toetkient that the government relies mostly on
public debt to finance its expenditures, this poiigll translate into a higher budget deficit and a
larger consumption loss. As for foreign aid, thedelgoredicts that the amounts needed to offset
the output loss associated with higher oil prices fairly small. In oil-exporting countries, a
doubling in the world price of oil generates a bleaincrease in output and consumption. The
effect on inflation depends on which exchange raggme is in effect. The expansionary effects
of oil-price shocks are accompanied by a sharpempgtion of the real exchange rate, which can
be harmful if the economy is heavily concentrated few industries.

The remainder of the paper is structured as folld®ection 2 describes the model. Section 3
describes the main results regarding the effectanobil-price shock. Section 4 discusses the
policy implications of these results. Section Saades and discusses possible future extensions

of the model.



2. Literature Review

There are few studies that analyze the effectsilgdrice shocks for African countries. Ayadi,
Chatterjee and Obi (2000) study the effects ofppdduction shocks in Nigeria. A standard
Vector Auto-Regression (VAR) process including mibduction, oil exports, the real exchange
rate, money supply, net foreign assets, interdst maflation, and output is estimated over the
1975-1992 period. Empirically, the response of auip positive after a positive oil production
shock. Moreover, the impact response of outpugss than one fifth of that of oil production, but
the response of output after a year is slightlgdarthan that of oil production. The response of
inflation is negative after a positive oil prodwcti shock. The impact response of inflation is
negligible relative to that of oil production, ke response of inflation after a year is more than
two times larger than that of oil production. Tesponse of the real exchange rate is generally
positive after a positive oil production shock, icating a real depreciation of the Naira. The
impact response of the real exchange rate is nilgligelative to that of oil production, but the
response of the real exchange rate after a yearosnd two times larger than that of oll
production. To the extent that an oil price inceedsads to an oil production increase, the
responses suggest that output increases, infldgoreases, and the national currency depreciates

following a positive oil-price shock.

Ayadi (2005) uses a standard VAR process to analyeetly the effects of oil-price shocks for
Nigeria over the 1980-2004 period. This VAR processudes the same set of variables as in
Ayadi, Chatterjee and Obi (2000), except that tiHepooduction variable is replaced by oil
prices. Unfortunately, the responses of the maoma&umic variables to an oil-price shock are not
reported. Nevertheless, it is likely that the res@s of output, inflation, and the real exchange
rate are small following an oil price shock. Thade deduced from the small contributions of
the oil price shock to the variance decompositminsutput, inflation, and the real exchange rate.
More precisely, the contributions of the oil prgfeock to the variance of output are 1 percent at
impact and about 7 percent after a year. The duritans of the oil price shock to the variance
of inflation are less than 1 percent at impact aftdr a year. The contributions of the oil price
shock to the variance of the real exchange rat® gercent at impact and 5 percent after a year.
In comparison, the contributions of the oil-prideosk to the variance of oil prices are 100

percent at impact and about 97 percent after a year



Finally, Semboja (1994) studies the effects of milce changes for Kenya, which is a net
importer of oil. For this purpose, he calibratestatic computable general equilibrium model to
obtain the impact responses, rather than estima&ingAR process to generate the dynamic
responses. The impact responses suggest thatr@asedn oil prices lead to an increase of the
trade balance, a decrease of output and of the praex, and a deterioration of the terms of

trade.

More recently, international financial institutiorend development banks have produced
estimates of the impact of high oil prices on tharld and regional economies. IMF estimates
indicate that highly-indebted oil-intensive anddita sub-Saharan African countries would
suffer the most from higher oil prices. Accordimgits estimates, they would lose more than 3
percent of their GDP following a $5 increase in tirece of crude oil (International Energy
Agency, 2004). The World Bank, using the MULTIMOD model, estimatiat a $10 increase
in the price of oil, from a baseline of $23/bbl, wldd mean that net-oil importing countries with
per capita income below US$ 300 for 1999-2001 wdese 1.47 percent of their GDP. Some of
the lowest income countries would be even worsdasiihg 4 percent of their GDP (ESMAP,
2005 and UNDP/ESMAP, 2005). Were oil prices to éase by US$20 then the effect on GDP

would be doubled.

These estimates are however subject to a numbkmibations. The World Bank estimate is
based on the ratio of the net oil and oil produeigorts to GDP assuming there is a zero price
elasticity of demand for oil and oil products. Undleis assumption, following a rise in the oil
price, GDP changes by as much as the change wathe of net imports. This linear relation is
simple but, as recognized by the authors themselvdisnited (UNDP/ESMAP, 2005). First, it
assumes no microeconomic adjustments to the odksh@nd that the response is entirely by a
reduction in oil absorption. Second, economies yafg adjust to large changes and this can

offset some of the severity of the initial oil skoc

A few papers have explored the distributional intp@n increase in the price of oil. Nicholson
et al. (2003) find that a 100 percent increaselgireces lead to 2 percent increase of the average

household’s expenditure in Mozambique. Coady andhdeise (2005) using data from Ghana

" The countries which fall into this group is noteyi.



report that a 20 percent increase in average aéegreads to 3.4 percent fall in average real
income. In Mali, Kpodar (2006) calculates that apgdcent rise in the prices of all oil products
lead reduces real income of the poorest by to &8gmt and the income of richest households by
1 percent.

3. TheMod€

3.1. Overview of the Model

The economy consists of households, firms, a gonem, and a monetary authority. There are
four types of goods: a final good, a composite nibrgood, oil, and intermediate goods. The

production sector of the economy is summarizedgure 1.

The final good, which serves consumption and inaest purposes, is produced by perfectly
competitive firms using oil and a non-oil compogiteod as inputs. The non-oil composite good
is produced by mixing domestically produced and angd intermediate goods. Domestic
intermediate goods are produced by monopolisticadiypetitive firms that use domestic labor
and capital as inputs. Domestically produced intshiate goods are also exported to the rest of
the world. Export prices are denominated in foreggmrency (dollars). Foreign intermediate
goods are imported by monopolistically competitingorters at the world price. These goods
are then sold to local firms at domestic-currendggs. Prices set by monopolistic firms are
costly to change, and are thus sticky. Price stess in import and export prices causes the law
of one price to fail, and leads to movements inrda exchange rate.

Oil used to produce the final good is either impdror locally produced, depending on

wether the country is a net importer or a net etguoof oil. In oil-importing countries, the
government practices local currency pricing (LCBYying oil at the world price P, and
reselling it to domestic firms at the domestic er°, In oil-exporting countries, it is assumed
that the oil industry is owned by the governmerttjol sells oil to the rest of the world at the
world price, P”, and to domestic firms at the domestic priB8, These two prices need not be
identical even after converting the world pricedomestic currency. Depending on how the

government se®R’, pass-through from the world price to the locatgof oil will be complete



or incomplete. In the model, the government follaveule that can yield any degree of pass-

through from zero to 100%.

The government finances its expenditures mostlisbying public debt. On the other hand,
access to international financial markets can betdd, depending on the severity of credit
constraints that a given country faces. Countiied have only limited access to international
financial markets cannot buffer shocks and smoatisemption by resorting to international
borrowing. This feature is captured in the modebbguming portfolio-adjustment costs that are
guadratic in the stock of foreign debt.

The monetary authority sets the nominal interes agcording to a Taylor-type rule, which is
general enough to encompass practically all passitmnetary-policy/exchange rate regimes. In
particular, the rule nests fixed exchange ratemnegiand managed floats, which characterize the

vast majority of African economies.

The rest of this section provides a detailed dpson of the model, derives the first-order
conditions, and describes the equilibrium. Throughtbe paper, variables that originate in the
rest of the world are denoted by an asterisk, ambles that do not have a time subscript refer

to steady-state values.

3.2 Households

The representative household maximizes its lifetutiéy given by

00

U, =, Bulc,m,h) (1)

t=0

wheref is the subjective discount factor ®<1), u is the instantaneous utility functiog, is
consumptionm, denotes real money balances held at the end @fdograndh, denotes hours
worked by the household The instantaneous utility function is assumebeo

u(.) =VL_1ct +,7L_1m” +alog(l-h) 2)

1 n-1
v

"In each period, the household’s total endowmettin@ is normalized to unity.
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wherem=M/P,, with M, being the nominal money stock aRgthe price of the final good; aryd

n andw are positive parameters.

The representative household enters periodh M, , units of domestic monef, ; government
bonds,BHt1 foreign-currency non-state-contingent bonds, astbek of capitalk. In periodt,
the household pays a lump-sum tdx, to the government and receives dividends, from
monopolistic firms. It also receives total factayments ofW,h+Qk, from selling labor and
renting capital to domestic intermediate-good poeds, wheré/, and Q, denote the nominal

wage and rental rates, respectively. The househalicome in periodt is allocated to
consumption, investment, money holdings, and thechase of nominal bonds. Acquiring

foreign bonds entails paying (nominal) portfoligtesiment costs:

* *2
¥, (B —B
bap _
il

wherey, is a positive parameter amglis the nominal exchange rate defined as the number
units of domestic currency needed to purchase anead foreign currency. Investment,

increases the household’s stock of capital accgrttin

k., =(1-D)k i, 3)

whered [0(0,1) is the depreciation rate of capital. Invesitrie subject to quadratic adjustment

costs:
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where, 20. The household’s budget constraint is given by:

- * * * i
Pt(ct +|t)+ Bt +eIBt vatht +tht + Rt—lBt—l +eth—1Bt—1 + Dt +Tt _ﬂp{_t_

2k

) (4

where D, =D + D, with D? being dividends received from domestic intermesdgdod

producers and," those received from importers of foreign internageligoodsR, denotes the

gross domestic nominal interest rate, &iddenotes the gross world nominal interest rate.

The representative household choasgs,M,,B,, B, , and k.., to maximize its lifetime utility

subject to its budget constraint (4), the capitauanulation equation (3), and a no-ponzi-game

condition on its holdings of assets. The houselsdidst-order conditions are

* -1
‘ B, -B A &
A = 1+ - E, |t
t ﬂR[( ‘/lb Pt j t(]?iﬂ etj

. . 2
mfpfsondi ) 4o

| ) ‘t-aj
W(m

(5)

(6)

(7)

(8)

(9)

(10)

*Without portoflio-adjustment costs, the model wohéve a unit root because the bond holdings process

would follow a random walk.
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whereA, is the Lagrange multiplier associated with thedmictonstraint expressed in real terms;
w=W/P, is the real wageg=Q/P, is the real rental rate; ang=P/P, | is the gross inflation rate

between-1 andt.

3.3 Production

3.3.1 Final good

Firms in the final-good sector are perfectly contpet. They combine oil and a non-oil
composite good to produce a single homogenous gsiog) the following constant elasticity of
substitution (CES) technology:

v
1 v-1

v =|e(y°) v +(1—<0)% (yt)*1 - (11)

Where@>0 is the weight of oil in the production of tha@di good and/>0 is the elasticity of
substitution between oil and non-oil inputs. Oikither imported or produced locally, depending
on whether the country is a net importer or a npbeer of oil. In both cases, it is assumed that

the oil sector is managed by the government. lningorting countries, the government

practices LCP, buying oil at the world pri&,, and reselling it to domestic firms at the
domestic priceR°. In oil-exporting countries, it is assumed tha dil industry is owned by the
government, which sells oil to the rest of the \at the world priceP”, and to domestic firms

at the domestic priceR°. The dollar-price of 0il,P”, is exogenous to the small open economy

and follows the stochastic process
logP” = (- p,)log(P™ )+ o, log(R%, ) + &, (12)

The representative final-good producer solves .
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{QQ%RM -R°yy —R™y° (13)

Wherey, is given by (11). Profit maximization implies

o [P)"
A a{;‘tj Y, (14)

and

] Pno v
v =(1—<o)( ;,j Y, (15)
t

The zero-profit condition implies that the pricetioé final goodP,, is given by

R =ldre) + - gl (16)

3.3.2 Non-oil composite good

The non-oil composite good is produced by perfectynpetitive firms using the following

Cobb-Douglas technology:

yr =r(ye ) (ym )™ (17)

01(6-1)
Where T=0“(1-0)’" is a positive parameter; y’ U ya (i Blledl) and

1 m{(- (19_1)/19 . 19/(19_1) . . . .
Y =( IO VA (|) dlj are aggregates of domestic and imported interrteedjaods,
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respectively; an@® (3)>1 is the elasticity of substitution between dotizegoreign) intermediate

1/(1-6) 1/(1-9)

goods. Define P E(E P (i)l_gdij and P" EU: P{“(i)”di) as the price indexes

associated with the aggregatoss’ and y™. Then, demands for individual domestic and

imported intermediate goods are, respectively,gine

y: (i)= (P—(')]y io(og) (18)

and

y() =(Ptm(i)j_ﬂ yr ooy (19)

F)tm

wherey!,y™ ,and P™ are given by, respectively

. p* )"
Yo = 0[ P:”Oj yi (20)
pm 7
y" = (1—0)( Pj A (21)
t
and
=) @2
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3.3.3 Domestic inter mediate goods

Domestic intermediate-good producers have iden@cddb-Douglas production functions given

by
z()= v (1) + () = Ak () n ()™ (23)

Where o 0(01):k, (i) and h (i) are capital and labour inputs used by firmand A is an

aggregate technology shock.

Domestic intermediate-good producers are monojadist competitive, and are thus price

setters. They segment markets by setting diffguenes for different destinations. That is, firm

chooses a domestic-currency prie¥ (i) for its sales in the domestic market and a foreign

currency priceP*(i) for its exports. Changing prices entails quadratijustment costs & la

Rotemberg (1982):

w?(npp()ol}

wherej=d, x; W, >0; andrt is the steady-state valuemf= R/ /P!, . Firmi solves the following

dynamic problem:

& o Aus | D)
max —_= ==L 24
{n(n,kt(i),ad(i),axo)}E‘;ﬂ [/L] P @4

t+s

where
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o )= e ) )-x()-2 ) -

) w4 [ A amiv

2\ mr(i)

It is assumed that the world demand for the domestermediate good is analogous to the

domestic demand for that good. That is,

0-(%0) e ot @

F)tx
1 \1-6 - v(-9) . . .
Where P* E('[O P;X(|) dlj , and y;" is an aggregate of exported intermediate goods tha

represents a fractioni of world demand

—-¢
« P .
Y =‘P( ‘*j Y, (26)

In this equation, the parameteris the price-elasticity of world demand for donesiutput;

P is the world price; and/; is the overall world output, which is assumed ¢celzogenous.

Given the demand functions (18) and (25), the-firsier conditions for firm are

Y (i):;—(g @
q =aé ()2 8 28)
) _ (720 V1 (70070 A (2S00 (720) )yl
‘Hei((?)‘(l‘e)[ G ‘”d{?(?‘lJ“ETI(mﬂnj 5 ‘%GJ )
i (76 Y1 i) (= a8 2 00F (726) Yyl
G S g

16



whereg (i) is the Lagrange multiplier associated with ecpra{23) and is equal to the real
marginal cost of firm i; PRY(i)=PR(i)/R; P*()=r*()/R"; () =r(i)/P%()
m(i)=r*(i)/ P (i), and 7 =P’ /P, is the gross inflation rate in the rest of the lkpowhich

is normalized to 1.

3.34 Imported inter mediate goods

Foreign intermediate goods are imported by monegpcdilly competitive firms at the world

price, P . Importing firms then sell those goods in domesticrency to final-good producers.

Resale prices,Rm(i)are also subject to quadratic adjustment costs:

w_;(nﬁgg)(i)_ Jz

wherem" is the steady-state value af" = P™/P", . The importing firmi solves the following

problem:

o Aws | D (i)
g

Where
Dtm(i)=(am@)—qa*)ytm(i)—ﬂ(ii)i)—1j2am(i)ytm(i) @2)

The first-order condition for this problem is

] w{%()(%()ljﬁ%(f%ﬁ)lj fi‘ﬂ >

17



Where B"(i)= R"(i)/R; and 72" (i) = B"(i)/ B% (i)
3.4 The government

It is assumed that the government sets the donyastie of oil according to the following rule:

R’ =(1-x)P% + xePR’.

Thus, ifx=1, there is complete pass-through from the woridepof oil to the domestic price. If

Xx=0, there is zero pass-through.

The government’s revenues include receipts fromngebil to domestic firms and to the rest
of the world (if the country is a net oil exportepyerseas development assistance (ODA) funds,
taxes and seigniorage reventiehe government’s expenditures include the costcofuiring

oil (if the country is a net oil importer) and inést payments on outstanding public debt. Hence,

the government’s budget constraint is given by

Bt = Rt—lBt—l +Gt _Tt _( Mt - Mt—l)_e[ODA' (34)

where
G, = (e( R” - Pto)yto
if the country is a net oil importer, and
G,=-(e,Porityoxt+Poityort)

if the country is a net oil exporter. In the abaauation, the world demand for domestic oil,

yoxt, is assumed to be given by

18



o Py,
Y, = Q[_Ft’* j Vi s
t

wheret is the elasticity of world demand for oil.

Equation (3) implies that public expenditures can flmanced by i taxes, (i) seignoriage
revenues,i{i) ODA, and {v) issuing new public debt. Note that this equatian be rewritten in

the following form:
FD=B -B_ = ( R _1)Bt—1 +G, - T, —( M, - Mt—l)_etODA’ (35)

whereFD denotes the fiscal deficit. This equation implilat the fiscal deficit can be reduced
by (i) lowering public expendituresii) raising taxes,i{i) increasing seignoriage revenues, and

(iv) higher ODA. The remaining financial needs are Ineissuing new public debt.

In what follows, it is assumed, as in Gali, Lopesi®, and Vallés (2006), that the

government follows a fiscal rule given by
(T.-T)=¢,(B.. ~B)+¢,(G -G),

where ¢ and ¢g are positive parameters. Depending on the valdieg_ cand ¢g, this rule

accomodates any mixture of means (taxes, debt, O@fAjnancing public expenditures or

reducing or the budget deficit. For values¢of and ¢g that are sufficiently close to zero, an

increase in outstanding public debt or in curreavegnment expenditures does lead to a
significant change in taxes. In such a case, an @Bgessarily reduces the fiscal deficit. On the

other hand, choosing a high value @J implies that the bulk of a given increase in pabli

spending is largely financed by raising taxes.

SODA is assumed to follow an exogenous first-ordepgegressive process with an autocorrelation

coefficientp0 da
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3.5 Monetary authority

It is assumed that the central bank manages th#-t&hm nominal interest rate according to the

following Taylor-type policy rule:

log(R / R)= o lodR_, / R)+ (1= g o, lod7z, / 7) + p, lodly, / y) + o, lod 4,/ 1) + p, lode; / €))
(36)

wherey, is the gross rate of money growth apgd = Ois the interest-rate-smoothing coefficient.

This rule encompasses several monetary-policy/exgdaate regimes. In particular:

s ifp,=p, =p. =0, a pure monetary-aggregate targeting regime &iodd
« ifp, =p,=p, =0, apure inflation targeting regime is obtainedyBcAfrica)
- if p,=p,=p,=0,apegged exchange rate regime is obtained (Bbfh, ...)

« if p, =p, =0, a managed-floating regime is obtained (Ghana,rMas, Tunisia, ..)

3.6 Symmetric equilibrium

In a symmetric equilibrium, all intermediate-goobgucers make identical decisions. That is,
z(i)=z.k()=k.,h()=h,R')=rR*, P"())=RP™,and P*()= R*, for alli)(0,1). Hence, a
symmetric equilibrium for this economy is a colleat  of 34
sequences

(coomuh i ke Yo Y0 Y0 Y V0 Y VO 20 @ G & A T8 8 T T TR 14,5060 R

SN Y Y A A
satisfying the private agent’s firstder conditions, the government fiscal rule, thenetary policy

rule, market-clearing conditions, and a balancep@fments equation (the full set of equations are

available upon requesfJhe variablesy, and by denoteG,/P; and B / B, respectivelyThe model is

solved up to a first-order approximation. To do #® model equations are log-linearized around a
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deterministic steady state in which all variables eonstant. This yields a system of stochastiealin

difference equations that can be solved using tioa described in Blanchard and Kahn (1980). Due t
the complexity of the model, the Blanchard-Kahnugoh cannot be found analytically. Instead, it is
computed numerically, which requires assigning eslto the model parameters before starting to

compute the solution.

4 Results

This section discusses the impact of a doublindgpénworld price of oil on main macroeconomic
variables both in the case of a median oil-impgrteconomy and a median oil-exporting
economy. The variables of interest are output, @ondion, inflation, the real exchange rate, the
government budget deficit, and foreign debt. Theusations are performed both under a fixed
exchange rate regime and a managed float. Forezeseh) two different scenarios are considered:
complete and zero pass-through. In all simulatichg, oil-price shock is assumed to be
persistent, with a first-order autocorrelation ¢métnt of 0.85, as estimated from the data. This
assumption is consistent with the view that theeetgd durability of the high oil demand from
East Asia (especially China) is sustaining the raeixpectations that oil prices will remain high
(see for example ‘High Oil Prices and the AfricanoBomy’ presented at the AfDB 2006

Annual Meetings).

4.1 Median Oil-Importing Economy

This economy is calibrated such that oil impor{zresent roughly 13% of total imports and 5%
of total GDP in the steady state. Simulation resfdt this case are shown in Tables 1 and 2. The

main conclusions are the following:

» Under fixed exchange rates and complete passtighra doubling in the world price of oil
leads to a decline in output and consumption, ghslincrease in inflation, a small
appreciation of the real exchange rate, and moglechanges in public and foreign
borrowing. The output loss is about 6 percent duthre first year, while the cumulative
loss is around 23.5 percent during the five yealtewing the shock. For consumption, the

corresponding numbers are 4.5 and 19 percent, =ippacely.
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» The drop in output and consumption is attribui@é combination of two effects of high
oil prices: a direct income effect, through theotese constraint, and a direct effect on
production, through higher costs of inputs. Themfer decreases consumption and
increases labor supply. The latter decreases defioambn-oil inputs and, by extension,
demand for labor and capital. The net effect onrbiamorked is ambiguous, but labor
income and investment unambiguously fall (due wwelomarginal productivity of labor
and capital). The resulting reduction in househottisposable income further decreases

consumption and output.

Table 1. Effects of a 100% increasein the price of oil
(Net-Oil Importing Country, Fixed Exchange Rate Regime)
Impact effect Cumulative effect

(1 year) (5 years)

Output

Complete pass-through -6% -24%

Zero pass-through -1% -5%
Consumption

Complete pass-through -5% -19%

Zero pass-through -6% -25%
Investment

Complete pass-through -11% -39%

Zero pass-through -7% -25%
Inflation

Complete pass-through 2% 1%

Zero pass-through -4% -4%
Real exchange rate

Complete pass-through -2% -7%

Zero pass-through 4% 22%
Budget deficit

Complete pass-through 4% 7%

Zero pass-through 31% 45%
Foreign debt

Complete pass-through -1% 2%

Zero pass-through 9% 11%

Note: Budget defigitpercentage of steady-state output.

* The increase in inflation is due to the fact thia¢ domestic price of oil enters the
aggregate price index, and since there is comppeigs-through, oil-price inflation
contributes tocore inflation. The higher inflation explains the apgetion of the real

exchange rate (since the nominal exchange rabeeid)f
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Under zero pass-through, the increase in thee mfcoil still leads to a decline in output
and consumption, but the magnitude of the effeitferd significantly compared with the
complete pass-through case. The decline in outpunhgl the first year is less than 1
percent and the cumulative loss during the fiverydallowing the shock is roughly 5
percent. Hence, by practicing LCP, the governméidlds the production sector of the
economy, which minimizes the output loss. The adsthis intervention, however, is a
dramatic deterioration of the budget deficit (3tgeat during the first year and 45 percent
after five years), and most importantly, a largelide in consumption, which drops by

more than 6 percent during the first year and 26qrd after five years.

Under zero pass-through, there is a decreasafiation, which translates into a real
exchange rate depreciation of roughly 4.3 peraetite first year and 22 percent after five
years.

Table 2. Effects of a 100% increasein the price of oil
(Net-Oil Importing Country, Managed Floating)

Impact effect Cumulative effect

(1 year) (5 years)

Output

Complete pass-through -6% -23%

Zero pass-through 2% -1%
Consumption

Complete pass-through -4% -18%

Zero pass-through -5% -25%
Investment

Complete pass-through -10% -38%

Zero pass-through -1% -21%
Inflation

Complete pass-through 5% 4%

Zero pass-through 4% 5%
Real exchange rate

Complete pass-through -1% -5%

Zero pass-through 9% 30%
Budget deficit

Complete pass-through 0% -1%

Zero pass-through 6% 20%
Foreign debt

Complete pass-through 1% 2%

Zero pass-through 16% 12%

Note: Budget deficitpercentage of steady-state output.
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* Under managed floating, the nominal exchange igateo a certain extent, free to adjust,
thereby acting as a shock absorber. In princifplerefore, the adverse effects of high oil
prices should be less severe compared to the adséxed exchange rates. A comparison
of Tables 1 and 2 confirms this intuition. Undemguete pass-through, however, there are
only minor differences in the response of outpofsumption, inflation, and, to a lesser
extent, foreign debt across the two regime$he gain from letting the nominal exchange
rate float is much more apparent under zero passigh. For example, output initially
increases by almost 2 percent (as opposed to andaifl 1 percent) following the rise in
the price of oil, and the cumulative loss afterefiyears is barely over 1 percent (as
opposed to a loss of 5 percent). This smaller dugss is due to the larger depreciation of

the real exchange rate relative to the case wiljgge nominal exchange rates.

4.2 Median Oil-Exporting Economy

This economy is calibrated such that oil exporpesent roughly 88% of total exports and 35%
of total GDP in the steady state. Simulation resfdt this case are shown in Tables 3 and 4. The

main conclusions are the following:

Table 3: Effectsof a 100% increasein the price of oil
(Net-Oil Exporting Country, Fixed Exchange Rate Regime)

" The only notable difference across the two regiiméise response of the budget deficit, which detates under the peg one,
but slightly improves under managed floating.
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Impact effect Cumulative effect

(1 year) (5 years)

Output

Complete pass-through 9% 53%

Zero pass-through 10% 56%
Consumption

Complete pass-through 42% 152%

Zero pass-through 41% 149%
Investment

Complete pass-through 16% 62%

Zero pass-through 16% 62%
Inflation

Complete pass-through 9% 15%

Zero pass-through 6% 14%
Real exchange rate

Complete pass-through -9% -71%

Zero pass-through -71% -63%
Budget deficit

Complete pass-through -114% -147%

Zero pass-through -108% -139%
Foreign debt

Complete pass-through -33% -47%

Zero pass-through -30% -45%

Note: Budget deficitpercentage of steady-state output.

Under fixed exchange rates and complete passighraa doubling in the world price of oll

leads to a 9 percent increase in output, a 42 permerease in consumption, a 9 percent
increase in inflation, a 9 percent real apprecmt@a 114 percent reduction in the budget
deficit, and a 33 percent reduction in foreign datnting the first year. The magnitudes of
the cumulative effects after five years indicatattthe adjustment of output, the real
exchange rate, and foreign debt is non monotomicekample, the model predicts that the
response of output to the 100 percent increaseeiptice of oil is hump-shaped, attaining

its peak of 16 percent during the third year atftershock.

The increase in the price of oil generates atpasincome effect, via the resource
constraint, which increases consumption. This imseonsumption translates into higher
demand for the final good, which more than offghts negative effect of the higher price
of oil. As a result, the demand for oil and non-oiputs increases (due to their
complementarity), thereby raising the demand fboteand capital. The resulting increase
in labor demand and investment further boosts temahd for the final good and,

therefore, output.
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» Under zero pass-through, there is a slightlydaigcrease in output, a lower inflation, and
a smaller appreciation of the real exchange ratepened to the case with complete pass-

through. This “gain”, however, comes at the expesfsa (marginally) smaller increase in

consumption and a smaller improvement in the budggtit.
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Table4. Effectsof a100% increasein theprice of ail
(Exporting country, managed floating)
Impact effect Cumulative effect

(1 year) (5 years)

Output

Complete pass-through 4% 25%

Zero pass-through 4% 27%
Consumption

Complete pass-through 16% 75%

Zero pass-through 16% 76%
Investment

Complete pass-through 3% 22%

Zero pass-through 4% 23%
Inflation

Complete pass-through -13% -12%

Zero pass-through -14% -13%
Real exchange rate

Complete pass-through -38% -136%

Zero pass-through -36% -130%
Budget deficit

Complete pass-through -7% -24%

Zero pass-through -6% -23%
Foreign debt

Complete pass-through -55% -39%

Zero pass-through -53% -38%

Note: Budget defigitpercentage of steady-state output.

* Under managed floating, the output and consumpgains induced by the increase in the
price of oil are smaller than under fixed exchanmges. This result is mainly due to the
larger appreciation of the real exchange rate utideformer regime. The smaller increase
in consumption implies that the budget deficit pars less than under fixed exchange
rates.

» Under managed floating, the effects of an inaeeasthe price of oil under complete and

zero pass-through are strikingly similar.
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5. Policy Implications

5.1 Government intervention

The above analysis suggests that LCP can cusheadbnomy from the adverse effects of oil-
price shocks in oil-importing countries. This pglidiowever, amplifies the consumption loss
and aggravates the government’s budget deficitceletine answer to the question of whether a
government should intervene or not depends omidicit objective function. To the extent that
the government is concerned with stabilizing outmhioosing LCP proves to be the optimal
policy. Alternatively, if the government is a beognt social planner, thdaisser-faire is likely

to be the welfare-maximizing policy. For oil-exgag countries, government intervention does
not seem to affect in a substantive way the outcofrtte economy, especially in the case of a
managed floating. This observation implies thathbwitervention andaisser-faire could be

acceptable policy choices in those countries.
5.2. Foreign aid

Can foreign aid help African oil-importing counsieope with high oil prices? Are the required
amounts prohibitive? Table 5 shows the permareat lof overseas development assistance (in
percentage of steady-state output) that is requimedompletely offset the initial output loss
associated with a persistent 100 percent incraadbei price of oil. The table shows that the
largest amount of foreign aid needed is less thpar2ent of steady-state output. This amount is
clearly non-prohibitive (foreign aid in a number African countries represents more than 5
percent of GDP), implying that there is scope faefnational-community actions to help debt-

burdened African economies mitigate the adverssctffof high oil prices.

Table5. ODA to offset Output Lossin the First Year
(% of Steady-State Output)
Fixed exchange rate regime  Managed Floating

Complete pass-through 1.60% 1.98%

Zero pass-through 0.23% -

Note: ODA: Overseas Development Assistance.
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5 Conclusion

High oil prices can have very harmful effects omiédn oil-importing countries, especially those
with a high debt-burden and those which have lichiéecess to international capital markets.
They lead to a decrease in output and consumgdiosh,to a worsening of the net foreign asset
position. For the median oil-importing country, tfiee-year cumulative output loss resulting
from a doubling in the price of oil can be as laege23 percent under a fixed exchange rate
regime. This recessionary effect, however, can westantially mitigated through LCP or
through foreign aid. In this regard, the model t@nused to determine the optimal degree of

intervention by the government given its objectiwection.

For the median oil-exporting country, the five-yeamulative increase in output associated with
a doubling in the price of oil exceeds 70 percesgardless of the exchange rate regime under
which the country operates. This manna, howeveaci®mpanied by a sharp appreciation of the
real exchange rate, which may hinder the compettgs of the country. It is therefore
important that oil-export revenues be spent in & Wt favors future growth, and not in

wasteful or badly planned projects.

It should be emphasized, however, that while tredysis above focuses on “median” countries,
there is a great deal of heterogeneity within tmeupgs of oil-importing countries and oil-
exporting countries. This means that the effectsilgprice shocks can differ dramatically from
one country to the other. As stated above, howeherproposed model can be configured to

represent any of these countries.

An important question that the model does not asldi® the effect of high oil prices on poverty,
which is a crucial dimension of the African contekhe model could be extended to capture this
feature by allowing for heterogeneity across hoakihand by assuming that some of them have
liquidity constraints. The model can also be exeehtb include other types of shocks, such as
productivity shocks, monetary-policy shocks, andldinterest-rate shocks. This would allow
the model to answer a broader set of questionsle¥ance to policy makers.
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7. Appendix

Figure 1: Structure of the production sector
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7.2 Simulation Results

Oil-Importing Countries. Some Country Specific Results

Burkina Faso

Impact effect Cumulative effect

(1 year) (5 years)

Output

Complete pass-through -4% -15%

Zero pass-through -1% -3%
Consumption

Complete pass-through -3% -12%

Zero pass-through -4% -15%
Investment

Complete pass-through -7% -25%

Zero pass-through -4% -14%
Inflation

Complete pass-through -1% -1%

Zero pass-through -5% -4%
Real exchange rate

Complete pass-through 1% 7%

Zero pass-through 5% 25%
Budget deficit*

Complete pass-through 9% 11%

Zero pass-through 24% 34%
Foreign debt

Complete pass-through 2% 4%

Zero pass-through 8% 10%
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Ghana

Impact effect Cumulative effect

(1 year) (5 years)

Output

Complete pass-through -7% -29%

Zero pass-through 2% -4%
Consumption

Complete pass-through -5% -35%

Zero pass-through -7% -25%
Investment

Complete pass-through -13% -49%

Zero pass-through -7% -25%
Inflation

Complete pass-through 7% 5%

Zero pass-through 7% 7%
Real exchange rate

Complete pass-through -5% -18%

Zero pass-through 9% 24%
Budget deficit*

Complete pass-through -1% -3%

Zero pass-through 8% 27%
Foreign debt

Complete pass-through -3% -1%

Zero pass-through 18% 12%
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Kenya

Impact effect

Cumulative effect

(1 year) (5 years)

Output

Complete pass-through -12% -49%

Zero pass-through 6% 4%
Consumption

Complete pass-through -9% -39%

Zero pass-through -11% -56%
Investment

Complete pass-through -21% -81%

Zero pass-through -1% -41%
Inflation

Complete pass-through 10% 9%

Zero pass-through 9% 10%
Real exchange rate

Complete pass-through -2% -T%

Zero pass-through 23% 76%
Budget deficit*

Complete pass-through -1% -3%

Zero pass-through 14% 51%
Foreign debt

Complete pass-through 3% 5%

Zero pass-through 38% 30%
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M adagascar

Impact effect

Cumulative effect

(1 year) (5 years)

Output

Complete pass-through -6% -25%

Zero pass-through 2% -2%
Consumption

Complete pass-through -5% -20%

Zero pass-through -6% -29%
Investment

Complete pass-through -11% -42%

Zero pass-through -2% -25%
Inflation

Complete pass-through 6% 5%

Zero pass-through 5% 6%
Real exchange rate

Complete pass-through -3% -12%

Zero pass-through 8% 25%
Budget deficit*

Complete pass-through -1% -2%

Zero pass-through 6% 22%
Foreign debt

Complete pass-through -1% 0%

Zero pass-through 16% 12%
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M alawi

Impact effect

Cumulative effect

(1 year) (5 years)

Output

Complete pass-through -4% -16%

Zero pass-through 1% -2%
Consumption

Complete pass-through -3% -12%

Zero pass-through -4% -17%
Investment

Complete pass-through -T% -26%

Zero pass-through -1% -16%
Inflation

Complete pass-through 4% 3%

Zero pass-through 3% 3%
Real exchange rate

Complete pass-through -2% -7%

Zero pass-through 5% 15%
Budget deficit*

Complete pass-through 0% -1%

Zero pass-through 4% 13%
Foreign debt

Complete pass-through -1% 0%

Zero pass-through 10% 7%
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Senegal

Impact effect Cumulative effect

(1 year) (5 years)

Output

Complete pass-through -5% -21%

Zero pass-through -1% -5%
Consumption

Complete pass-through -4% -16%

Zero pass-through -6% -23%
Inflation

Complete pass-through 3% 1%

Zero pass-through -3% -2%
Real exchange rate

Complete pass-through -3% -9%

Zero pass-through 3% 16%
Budget deficit*

Complete pass-through 2% 4%

Zero pass-through 27% 38%
Foreign debt

Complete pass-through -1% 1%

Zero pass-through 7% 9%

Note: *Budget defigitpercentage of steady-state output.
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