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Qil price stabilization polices are adopted extensively in developing countries. Some argue that developed
economies, especially the US, may gain from these policies through trade. This paper studies this issue in a
two-country model with dollar currency pricing. We find that the optimal level of oil price stabilization chosen
by developing countries and its implications for global welfare depend critically on whether monetary policy can
effectively respond to oil shocks. In an environment without monetary shocks, when optimal monetary policies
are considered, there is no role for oil price stabilization in developing countries. However, to make the oil price
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3 stabilization policy redundant, optimal monetary policy is not necessary. Some non-optimal endogenous

F4 monetary policies satisfying certain conditions can also make the developing countries choose zero oil price
stabilization. The results change when there are monetary shocks. Even with optimal monetary policies,

Keywords: the developing countries will choose a positive level of oil price stabilization. However, due to dollar currency

Oil price stabilization pricing, the US actually loses from the stabilization policy. Our results are well supported by the quantitative
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analysis in a full-fledged dynamic stochastic general equilibrium model.
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Welfare
1. Introduction the domestic oil price? Also, many commentators argue that large

During the past half century, various oil price stabilization policies
have been adopted in many developing countries to insulate their
economies from highly volatile oil prices. For example, in some
economies, such as Argentina, Cameron, Chile, and Thailand, the
governments will set a targeted domestic price, which is supposed to
be equal to the long run equilibrium price. When the world oil price
goes up, government funds subsidize oil importing firms; when the
world price goes down, the oil importing firms are taxed and the
revenues are returned to government funds. As reported in Economist
(2008-05-29): “half of the world's population enjoys oil subsidies.”
The World Bank (2009) reported that the average oil subsidies of
a selected sample of countries in the recent period of high oil
prices (2007-2008) are approximately 2% of their GDP. Without fiscal
difficulties, the economies may benefit from these polices. However, a
natural question arises; to what extent the government should stabilize
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amounts of subsidies will be embodied in the export good prices and
indirectly benefit developed economies, especially the US, the largest
export market for most developing countries. Does the US really gain
from the oil price stabilization in developing countries through trade?
If so, how much is the gain?

This paper studies these issues in an asymmetric world economy,
where the US dollar is the central reference currency for international
trade pricing and primary commodities invoicing. In the model, we
assume that oil is an input of production and the export good prices
for both home and foreign firms are set in the US dollar.> We assume
that only the foreign country (developing countries) directly uses
subsidies to stabilize oil prices such that the pass-through of oil prices
to the foreign economy depends on the degree of intervention.

We first consider a simple two-country model with one-period
price setting to show some analytical results. In this baseline model,
we treat the oil price as an exogenous shock. We find that the optimal
level of oil price stabilization chosen by developing countries and its
welfare consequences depend critically on monetary policies. In an
environment without monetary shocks, when monetary authorities

3 This model setting is consistent with the findings in Goldberg and Tille (2008) and
Gopinath and Rigibon (2008). The former found that the dollar is overwhelmingly used
for invoicing both export and import prices for the US economy, while the latter showed
that the exchange rate pass-through into US dollar prices of export and import goods is
very low.
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can optimally respond to the oil price shock, oil price stabilization
becomes unnecessary even for developing countries. This is because,
without monetary shocks, the responses of money supply to oil price
shocks can fully offset the impact of oil price changes on marginal
cost and thus stabilize price level. In this sense, the monetary policy is
a substitute for the oil price stabilization policy. In particular, when
monetary policies can stabilize firms' marginal cost, if the foreign
country still imposes the oil price stabilization policy, the stabilization
effect of monetary policies will be mitigated. This may lead to a less
efficient equilibrium compared to the case with optimal monetary
policy and zero oil price stabilization policy. Therefore, with optimal
monetary policy, oil price stabilization is redundant. The US is also
better off with zero oil price stabilization. Is optimal monetary policy
necessary for zero oil price stabilization? Our answer is no. We find
that, without monetary shocks, some endogenous but non-optimal
monetary policy rules satisfying certain conditions can also replace the
oil price stabilization.

When there are uncontrollable errors (or shocks) in the conduct of
optimal monetary policies, the developing countries will choose to
stabilize oil prices. However, this may be at the expense of the US
welfare. That is, instead of gaining from the stabilization of oil prices
in developing countries, the US may lose in terms of welfare. Why do
developing countries gain from oil price stabilization whereas the US
loses from such policies? The intuition is simple. Due to the presence
of monetary shocks, the exchange rate risk is unavoidable. When
developing countries intervene in their domestic oil market, it not
only eliminates the uncertainty of world oil price, but also reduces the
exchange rate risk of importing oil. For developing countries, this
helps to lower firms' expected marginal cost and then expected price
level, and thus leads to an increase in the welfare of households.
However, introducing oil price stabilization policy reduces the
stabilization effect of monetary policies on oil prices. Therefore, there
exists a trade-off and non-zero oil price stabilization policies are optimal
for developing countries.

For the US, oil price stabilization policy can stabilize oil price, but it
cannot reduce the exchange rate risk in the price of import goods. Instead,
it amplifies the exchange rate risk in the price of imported goods. This is
because firms in developing countries set export good price in the US
dollar, and they will take the exchange rate risk into consideration and
embody a risk premium in the price. Without oil price stabilization
policies, the exchange rate risk can be offset partially by the exchange
rate risk of importing oil. However, when there is oil price stabilization,
this effect is reduced. As a result, oil price stabilization leads to more
exchange rate risks. Hence, in an environment without monetary shocks,
the combination of optimal monetary policy and zero oil price
stabilization is optimal for both the US and the developing countries. In
the presence of monetary shocks, zero oil price stabilization is still
preferred by the US, though it may not be the optimal choice for
developing countries. This implies that when there exist optimal
monetary policies, oil price stabilization policy in developing countries
does not have any positive spill-over effect on the US.

There is an exceptional case where the US can indeed gain from oil
price stabilization in developing countries. This occurs when monetary
policies are fully random. For developing countries, oil price stabilization
can reduce uncertainties from both oil prices and exchange rate
movements, so full oil price stabilization is optimal. However, for the
US, there is a trade-off between stabilizing oil price and stabilizing
exchange rates. The US will, therefore, prefer partial stabilization or
zero stabilization depending on the size of shocks. If the developing
countries impose a full price stabilization policy, compared with zero
oil price stabilization, the US may gain from this policy when oil price
shocks are sufficiently large.

For quantitative assessments, we extend our analytical model to
a full-fledged general equilibrium model. To make the model more
realistic, we introduce four features: dynamic price setting, endogenous
oil prices, Taylor-type interest rate rule and alternative financial market

structure. In the quantitative analysis, we first report the impulse
responses of home and foreign economic variables to a negative oil
supply shock, and then use numerical methods to study the optimal
degree of oil price stabilization and its welfare consequences. We find
that with Taylor interest rate rules, the developing countries may
choose positive level of oil price stabilization if the monetary shocks
are large. Nevertheless, given reasonable parameter values, the US
always loses from oil price stabilization policies. However, if the
monetary policies are well conducted, there is no role for oil price
stabilization in the foreign country. The sensitivity analysis shows
that our results are robust to changes in financial structure and
Taylor rules, introduction of technology shocks, and variation in some
parameter values such as home country size, price elasticity of oil
supply, and the share of oil in production. Thus, our analytical results
are well supported by quantitative analysis.

This paper builds on Devereux et al. (2007, 2010). Devereux et al.
(2007) study the optimal monetary policy in an asymmetric environ-
ment where all the export goods are priced in the US dollar. Devereux
etal. (2010) examine how the role of the US dollar as invoicing currency
for oil affects the currency choice of export pricing and households'
welfare. In the current paper, we take the dollar currency pricing as
given and investigate how oil price stabilization policies in developing
countries affect the US welfare. Bouakez et al. (2008) are the first
to study the issue of optimal oil price pass-through. They find that, in
a two-sector small open economy model with nominal rigidities,
when the monetary policy is capable of stabilizing the economy,
the government intervention in the oil market should be avoided;
otherwise, the government should limit the degree of pass-through of
oil prices. We obtain similar results in our two-country model. Our
paper is complementary to their work. We show that the optimal
level of oil price stabilization depends critically on whether endogenous
monetary policy can respond to oil shocks effectively. Another major
difference of our paper is that we also focus on the global spill-over effects
of oil price stabilization policies in developing countries. We show that
the US may not gain from huge oil subsidies in developing countries
through trade, contrary to common conjecture. This is because given
dollar currency pricing, oil price stabilization actually leads to higher
export price to the US.

We organize the rest of the paper as follows. Section 2 documents
some stylized facts about oil price stabilization in developing countries.
Section 3 presents a simple model based on Devereux et al. (2007,
2010). Section 4 studies the optimal oil price stabilization policy and
its welfare consequences. Section 5 extends the analytical model to a
quantitative model. Section 6 provides quantitative results. Section 7
concludes.

2. Stylized facts

To our knowledge, Bouakez et al. (2008) are the first to formally
study the issue of optimal oil price pass-through in the dynamic
stochastic general equilibrium model (DSGE) framework. Based on the
studies of World Bank (2006) and Baig et al. (2007), they document
that roughly half of the developing and emerging market economies
surveyed have not passed through the increases in the world oil prices
into domestic oil prices. In particular, in one-third of these countries,
the degree of oil price pass-through was less than 50 percent.

To show clearly how the governments respond to oil price changes,
we summarize some facts from a recently released report by World
Bank (2009). The report examines the policy responses of 49 countries
to world oil price movement from January 2007 to July 2008. The
countries listed in Table 1 are those that use direct price control.

Many governments also use subsidies and tax reductions to mitigate
price changes on the world oil market. Table 2 reports the countries
with large subsidies in recent years. We observe that the subsidies
during the period 2007-2008 were substantially large. For the selected
sample countries, the subsidies account for roughly 1 percent of their
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Table 1
Price control in selected developing countries in 2007 —2008.

Table 2
Subsidies in selected developing countries in 2008.

Country Price control Country Subsidies (billion US dollar) Share of GDP (%)
Bolivarina de Venezuela, Yemen No adjustment China 7.5 0.17
Ethiopia, Ghana, Honduras, Malawi, Morocco, Frozen price for several months India 6.7 0.58
Mozambique, Pakistan, Sri Lanka Mexico 25 279
Mexico Adjust oil price with inflation Iran 6.5 1.68
Brazil Maintain producer's price stable Indonesia 13 2.87
Egypt, Indonesia, Bangladesh, China, Malaysia Ad hoc pricing Egypt 11 6.76
Malaysia 27 1.26
Columbia 3 137
GDP. If we exclude China, however, the number rises to 2 percent of Pakistan 2.8 2.16
GDP. In Egypt, the subsidy in 2008 is about 6.76 percent of its GDP. For iﬁ‘“gllad“h éi’ (]J-gg

most countries, these subsidies are supported by oil price stabilization ng ? 708 0.985

funds. To finance the subsidies in 2007 and early 2008, oil prices in
some countries such as Morocco, Brazil, and Mexico, did not go down
at all in the last four months of 2008 despite a sharp fall in world oil
prices.

3. A simple analytical model

The world economy consists of two countries, which are referred
to as the home country (the United States) and the foreign country
(developing countries). There is a continuum of home goods (home
population) and foreign goods (foreign population) of measures n and
1 —nrespectively. Each good is produced by a monopolistic competitive
firm using oil (or more generally, primary commodities) and labor. The
economy is exposed to two types of shocks: money supply shocks and
oil price shocks.

In this section, we abstract from any dynamics by considering a
single-period model with uncertainty.* The timing of events within
the period unfolds as follows: Before the period begins, households
can trade in a full set of nominal state-contingent bonds; and the foreign
government sets a rule to stabilize the domestic oil market. > Then,
firms set prices in advance; After the realization of stochastic shocks,
households work and choose their optimal consumption baskets;
production and consumption then take place, and the exchange rate is
determined.

Our model is asymmetric, in that the dollar is the reference currency
for international goods pricing and commodities invoicing. The detailed
structure is described below. Where appropriate, foreign variables are
indicated with an asterisk.

3.1. Households

The preference of the representative household is given by
cr M
U—E(E-s-xlnﬁ—m) (3.1)

n1—n)in

aggregate consumption, which is composed of home goods and foreign
goods with weights of n and 1 — n, respectively. C, is the home
sub-aggregate consumption of a continuum of home goods indexed
by [0,n], and A is the elasticity of substitution across home individual
goods. p is the parameter of risk aversion and p > 1.° ¥ is real money
balance. L represents the costly labor effort. 1 and y are positive

where C= 95" €, = Ug niCy (i)~ di “T A>1. Cis the home

4 This assumption is innocuous because we assume asset markets are complete. The
results extend to an infinite horizon model without change.

5> In most economies, oil price stabilization policies are conducted by the fiscal authority,
and the legislative process of oil price stabilization is long. In the literature, the fiscal
authority is usually assumed to move before the monetary authority, so we also assume
that the level of oil price stabilization is determined before the monetary policy rule is
announced.

5 Note that p > 1 is a standard assumption in new Keynesian open economy
macroeconomics literature, since empirical estimates of p and quantitative calibration of
p for business cycle and asset pricing literature are almost always above unity.

constant scale parameters. E is the expectation operator defined across
all possible states of nature. From the consumption structure, we may
derive the consumption-based price index, P = Pj,P},~ ", where Py,
and Py, represent the prices for home goods and foreign goods sold in
the home country, respectively.

In the model, we assume a complete financial market where
home and foreign households can trade ex-ante a full set of nominal
state-contingent bonds. The household earns wage income, gets the
payoff of state-contingent securities, and receives the profit from
the ownership of home goods firms as well as the revenue from the
share of world oil endowment, initial money balances, and lump-sum
transfers from the government. The government is assumed to repay
seigniorage revenue through a lump-sum transfer.

Following recent literature such as Chari et al. (2002) and Devereux
and Engel (2003), we show that the trade in state-contingent nominal
assets across countries leads to the following risk-sharing condition:

c P cP
-5 =Iop (3:2)

where S is the nominal exchange rate and I is the state-invariant
weight.” As in Devereux and Engel (2003), we show that equilibrium
in the ex-ante securities market implies that I' = EECC% In addition, the
home household's optimization gives rise to the money demand
function, M = yPC”, and the implicit labor supply schedule, W =nPC”.
Therefore, the nominal wage is given by W =3IM. Combining the
money market equilibrium for the home and foreign countries with
cross-country risk-sharing condition (3.2), we can derive the exchange
rate as

M

S=Typ-

(33)

3.2. Oil market

We model oil as a direct input in the production process suggested
by Mork and Hall (1980) and Leduc and Sill (2003). Oil endowment is
assumed to be owned by a third party such as OPEC. Both home and
foreign firms import oil from OPEC and take the oil price as given. The
oil price Q is quoted in the home currency (the US dollar) and follows
a log normal distribution,

InQ =gq, mw@pa. (3.4)

7 T represents the ratio of the Lagrange multiplier on the home households' budget
constraint to the Lagrange multiplier on the foreign households' budget constraint. In
equilibrium, the budget constraints for both home and foreign countries are not needed,
as they are replaced by the risk-sharing condition. Therefore, for simplicity, we do not
specify the budget constraint here.
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It is assumed that the foreign government sets its domestic oil price
according to the following rule

-z 35)

where Q is the targeted oil price set by the foreign government. When
v =0, the domestic oil price faced by foreign firms in terms of foreign
currency is ¢. This implies a full pass-through of world oil price into
the foreign economy or zero oil price stabilization. When v = 1, the
domestic oil price faced by foreign firms is simply Q, which implies a
zero pass-through of world oil price into the foreign economy or full
oil price stabilization. Given the intervention rule, the subsidy or tax
that the foreign government imposes on firms is (3—Q")0", which is
financed through a lump-sum transfer from households.?

3.3. Production

Each firm i in the home country has the following production
function, Y(i) = A(L(i))! ~ ®0(i), where O represents the amount of
oil used in production, A = g is a constant parameter. Therefore,
marginal costs for home and foreign firms in terms of their own
currency, respectively, are

MC = W' %Q*, (3.6)

) -~ o a(l1—v)
MC* = W*] aQ*a _ W*l aQav <%> ) (3.7)

Egs. (3.6) and (3.7) imply that the oil price shock has a direct impact
on the firm's production cost. However, home and foreign firms are
affected asymmetrically since foreign firms' marginal cost depends on
the domestic oil price, which is subject to not only exchange rate
changes but also government intervention.

In the model, the home currency (the US dollar) is the reference
currency for international goods pricing and firms in both home and
foreign countries set export prices in the US dollar. This implies that
all firms in the home country choose producer currency pricing (PCP)
and all firms in the foreign country choose local currency pricing
(LCP).° From the firms' optimization problem, we can derive the
optimal pricing policy for home and foreign goods sold in home and
foreign markets, respectively.

E {(MC)C‘*"}

E {(MC)C*H’]
)
E [Cl‘p]

W. (3.8)

Py, = . Py =

o E[mee ] E[(MC)sc' 7]
Pﬁzxw, Pﬁ:AW, (3.9

8 With a complete financial market, the ownership of world oil endowment does not
affect our results. This is because the equilibrium of the model depends on the risk-
sharing condition across countries, which is not affected by oil revenue and expenditure
flow.

9 In one-period price setting model, if we allow for endogenous currency choice of
export pricing, with optimal monetary policy, both symmetric producer currency pricing
and local currency pricing can be an equilibrium. However, whether this result holds for
a dynamic price setting model seems unexplored in the literature. For the asymmetric
dollar currency pricing, Devereux et al. (2010) show that this can be a natural outcome
in an economy where the US dollar is the oil currency.

where A = 2. represents the markup. An asterisk over the price implies
that the price is denominated in the foreign currency. Given these
prices, the price index for each country can be derived as follows:

- Pi|" 1
P=PyPy ", P'= {ﬂ] P " (3.10)

S

Note that the home CPI is completely predetermined while there is
positive exchange rate pass-through into the foreign CPI.

These pricing equations show that the effects of oil price stabilization
on the economies are mainly through Prand Pp,. Due to dollar currency
pricing, the law of one price does not hold between them. We find that
oil price stabilization can stabilize marginal cost and lower Py but not
necessarily decrease Pp,. This is because when a foreign firm presets
the export price, it will take the exchange rate risk into consideration
and embody a risk premium in the export price. Without oil price
stabilization, the exchange rate risk can be offset partially by the
exchange rate risk of importing oil. However, when there is oil price
stabilization, this effect is reduced. As a result, the firm may include a
higher exchange rate risk premium in the export price. This implies
that oil price stabilization may reduce the oil price risk but increase the
exchange rate risk in the price. This is the reason the export price of
foreign goods, Py, is not necessarily lower under oil price stabilization.

3.4. Monetary rules

We assume that monetary authorities commit to the following form
of contingent monetary rules'’:
m=aq+u, m =bqg+u’, (3.11)
where m and m* are the log of money supply; {a, b} are policy
parameters determined by solving international monetary game; and
the terms u and u* represent uncontrollable disturbances to money
supplies. We assume that u ~N(0,02), u"~N (0, oﬁ) and 0% = 0%,

3.5. Equilibrium
In equilibrium, good market, labor market, money market, and asset

market clear. The goods market clearing conditions for home and
foreign goods are given below, respectively,

PC P C
Y=n—+(1—n)—= 3.12
Py ( )th/s G12)
v —nfCh q-nfE (3.13)
) Py

4. Results

To derive the solution to the baseline model, we solve for the
endogenous variables contingent on the realizations of external shocks
given the optimal pricing policies. Then, we calculate the expected
welfare for the home and foreign consumers.

It is assumed that the welfare of the home household is measured as'"

ct=r
(=)

10 Since the model solution is log-linear and shocks are log-normal, our monetary rules
are quite general representations of the choices available to monetary authorities. See
Devereux et al. (2005). Since E(m) = E(m*) = 0, this rule actually captures the response
of money growth rate to the shock.

11 Obstfeld and Rogoff (1998, 2002) argue that the utility of real balance is small enough
to be neglected.
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The expected utility of the household in a stochastic environment
is a function of variances and covariance terms of log consumption
and log exchange rate. Thus, given the solution to consumption and
the exchange rate, we may rewrite welfare in terms of the variance of
external shocks and monetary policy parameters. For details, please
refer to the Appendix A. For simplicity, we focus on a special case
where p = 1. Nevertheless, our analysis extends in a straightforward
manner to the case p>1 and the results still hold.

Home (foreign) monetary authority chooses policy parameter a(b)
to solve the following international monetary game:
max EU(a, b) max EU"(a,b) (4.1)

We solve the monetary game in the Appendix A and give the
solution to game in the following proposition.

Proposition 1. The solution to the international monetary Nash game is

o _(A=n(l-—a+av)v
a= ﬁ1 —d>

(1—v)a(1—a + av—anv)
(1-a)é ’
(4.2)

b=—

where p=anv(a—2) + (1 —a+ av)>0.

The solution implies that optimal monetary policies for both countries
require money supply to respond negatively to the oil price shock. When
v =0, home and foreign monetary authorities respond to the oil price
shock in the same manner,a = b = —;2, In this case, the firm's marginal
cost in both countries can be stabilized since the rise of oil price is
completely offset by the decrease of wages, which changes proportionally
with money supply. However, when v =1, as the oil price shock is fully
stabilized in the foreign country, we have a<0 and b = 0. That is, foreign
monetary policy does not respond to the oil price shock while home
monetary policy still responds negatively to the oil price shock with a
smaller magnitude. For any v>0, we have a # b.

It should be noted that both monetary policy and oil price
stabilization policy can stabilize firms' marginal cost, but they work
through different channels. Monetary policies stabilize both home and
foreign firms' marginal cost through wage adjustment, so the impact
of oil price shocks on both home and foreign economies can be
completely eliminated. The oil price stabilization policy, however, only
can stabilize foreign firms' marginal cost through direct oil price
intervention. Since the home firms' marginal cost will be affected by
oil price shocks, the foreign country will still be subject to these shocks
through goods trade. Therefore, relatively speaking, monetary policies
are more efficient than oil price stabilization policy in mitigating the
impact of oil price shocks on real economy.

Given the solutions to the monetary game, we calculate the expected
utility of the home household and the foreign household as functions of
v. From the Appendix A, we have

( —n)n[u —n)(1—a+av)? +n(1 —a)z]vzaz ,
EU = A—{ 27 ol (43)
2
n (1_20‘) +(1—n)(1—a+av)av} oﬁ}
EU" — /\—{"(1_")2(1;‘;‘2+ av)*ve! o’ (4.4)

2
+ {(1_20‘) + (l—n)a(l—v)(l—av)} oﬁ}

where Ais a constant function of parameters and represents the steady-
state welfare. From Eqs. (4.3) and (4.4), we establish the following
proposition.

Proposition 2. In an environment without monetary shocks
(0% =02, =0), the optimal level of oil price stabilization chosen by the
foreign country is v = 0, ie., zero oil price stabilization. For the
home country, zero oil price stabilization is also optimal.

The proof is straightforward. Proposition 2 shows that when
monetary authorities can optimally respond to the oil price shock,
oil price stabilization becomes unnecessary for the foreign country. This
is because, without implementation errors, the optimal monetary policy
can completely offset the impact of oil price on marginal cost and price
level. So in this case, oil price stabilization policy can be replaced by
optimal monetary policy. Furthermore, since optimal monetary policies
can fully stabilize the firms' marginal cost in both countries, if the foreign
country still use oil price stabilization policy, the stabilization effect of
optimal monetary policies will be reduced, which result in a less efficient
outcome compared to the case with optimal monetary policy and zero oil
price stabilization. Therefore, when there exists optimal monetary policy
without implementation errors, oil price stabilization is redundant.!?
Both home and foreign economies can achieve the steady-state welfare
level (A), which implies that optimal monetary policies fully eliminate
the welfare loss caused by oil price shocks (7).

Proposition 3. If there are monetary shocks in the conduct of optimal
monetary policies, the oil price stabilization policy will be welfare-
improving for the foreign country, and the optimal level of oil price
stabilization is given by v = arg max{EU*}> 0.

The proofis given in the Appendix A. Now let us consider the case in
which monetary authorities can respond optimally to oil price shocks,
but there exist implementation errors or monetary shocks. These shocks
will lead to inefficient exchange rate movements. Thus, the foreign
country has incentives to stabilize the oil price so as to reduce the
welfare loss caused by exchange rate risks in setting price. However,
this oil price stabilization will reduce the stabilization effect of monetary
policy on oil price shocks. Given optimal monetary policies, Eq. (4.4)
shows that v = 0 is required to eliminate the welfare loss caused by
the oil price shock. However, to reduce the welfare loss caused by
monetary shocks, a positive level of oil price stabilization should be
chosen. Therefore, for the foreign country, the choice of v depends on
a trade-off between removing the welfare loss caused by the oil price
shock and reducing the welfare loss caused by monetary shocks
(exchange rate risks).

How does oil price stabilization affect the welfare in the home and
foreign countries? We express the gain from oil price stabilization as &,
which is defined as the fraction of initial consumption (without
stabilization, v = 0) that the household would be willing to forgo in
order to have oil price stabilization in the foreign country. In the baseline
case, we still take p=1. That is, § is defined by the following equation:

E{In[C(1 + §)] L} = EU(Y) (4.5)

where C and L are the consumption and employment in the case with
zero stabilization (v = 0), respectively. Since p = 1, Eq. (4.5) implies
that { = EU(v) — EU(v = 0).Hence, we can obtain a measure of welfare
gain from oil price stabilization for both home and foreign countries in
real terms as follows:

(l—n)n[(l—n)(l—a +av)® 4+ n(1 —a)z]vzaz

= (73—(1—n)(]—a+av)avaﬁ<0

247

(4.6)

12 In this case, the exchange rate is fixed since the responses of home and foreign money
supply to the oil shock are the same. In a sense, this case is equivalent to a case where the
home country conducts monetary policy perfectly while the foreign country pegs the
exchange rate unilaterally.
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_n(1-n)’(1—a + o) v’a?

g: 24)2

o7 + (1-n)(1—a + av)awo,  (4.7)

We can establish the following proposition from Egs. (4.6) and (4.7).

Proposition 4. In an environment with monetary shocks, even if
monetary policies are optimally chosen, the home country always loses
from a positive level of oil price stabilization, and the foreign country may
gain from this policy only when monetary shocks are sufficiently large.

The proof is trivial. For the foreign country, oil price stabilization can
stabilize the exchange rate risk in importing oil. This lowers firms'
expected marginal cost and expected price level, implying a higher
welfare. But this policy also reduces the stabilization effect of monetary
policy, thus reducing welfare. The former effect will be stronger when
monetary shocks are sufficiently large. For the home country, however,
oil price stabilization implies higher exchange rate risk will be embedded
in the imported good price and thus the home country is worse off. This
is because of the dollar currency pricing foreign firms used when setting
export prices. They will embed exchange rate risks into price setting.
With zero oil price stabilization, the exchange rate risk can be offset
partially by the exchange rate risks associated with oil import. But
positive level of oil price stabilization mitigates this effect and thus
leads to more exchange rate risks.

As shown in Proposition 2, when monetary authorities can optimally
respond to the oil price shock without implementation errors, the
combination of optimal monetary policy and zero oil price stabilization
can fully eliminate the welfare loss caused by oil price shocks. With
monetary shocks, zero oil price stabilization may not be the optimal
choice for the foreign country, but it is still preferred by the home
country. This proposition has important welfare implications; when
there are optimal monetary policies, oil price stabilization policy does
not have any positive spill-over effect on the home country.'®

In the above analysis, we show that, without monetary shocks or
implementation errors in the conduct of monetary policy, optimal
monetary policy can substitute for oil price stabilization policy.
Therefore, an interesting question arises, is the optimal monetary policy
necessary to replace oil price stabilization policy? In other words, are
there any other monetary arrangements under which the foreign
country will choose a zero oil price stabilization policy? We answer
these questions in the following proposition.

Proposition 5. In an environment without monetary shocks, if monetary
policy rules satisfy a—1<b<o(a—1) anda< = then v=0is the optimal
choice for the foreign country; and the home country also prefers zero oil
price stabilization policy.

See the Appendix A for proof.

From the Appendix A, we can find that, even when a and b are not
optimally chosen, as long as the above conditions for a and b are
satisfied, we still have %#U<0 and %V <0.To achieve price stability,
endogenous monetary policies will respond negatively to the oil price
shock, which implies that a<0 and b < 0.In our model, the welfare in
both home and foreign country depends on expected price level,
which is a function of variance and covariance terms of money, the
exchange rate, and the oil price.

From Eq. (8.9) in the Appendix A, if there are no monetary shocks
(0% =02 =0), for the foreign country, the oil price stabilization
policy v affects the foreign expected price level through the variance
of domestic oil price, (1—v)*var[log(¥)], and the covariance of

3 In such a case, there is a scope for policy coordination between home and foreign
countries. Since the global welfare itself is a sum of home and foreign welfare weighted
by country sizes, the optimal level of oil price stabilization that maximizes the global
welfare will depend critically on the country size (n).

b—W

Area B

b—a+1=0

Fig. 1. Feasible monetary policies for v = 0.

money with domestic oil price, (1—v)cov[log(%),log(M*)]."* If the
covariance term is positive, the foreign country will choose full oil
price stabilization because the oil price stabilization policy can
reduce both the variance of domestic oil price and the covariance
term and then increase welfare. Therefore, the foreign country may
choose zero oil price stabilization only when the covariance term is
negative.

Since the money supply responds negatively to the world oil price, if
the & comoves positively with the world oil price Q;, then the covariance
terms between % and money will be negative. In our model, the
exchange rate is determined by the relative money supply, so the log
of & can be simplified as (1 — a + b)q.If a — b<1, that is, if the rise of
exchange rate (the depreciation of home currency against foreign
currency) is less than the rise of world oil price, then & comoves
positively with Q.. This implies that cov[log(%),log(M")]<0.

However, this condition is not sufficient to make the foreign country
choose v = 0. This is because the foreign country still have incentive to
reduce var[log(%)] through oil price stabilization. We can show that
when b < aa — 1), the negative covariance term is large enough to
offset the variance of log(%). In this case, the oil price stabilization will
become unnecessary.

Given a — 1<b < afa — 1), zero oil price stabilization may not be
optimal for the home country because the monetary policies (a,b) are
not optimally chosen. However, there still exists a set of policy
parameters that make the home country also prefer v = 0. For the
home country, since the export price is preset in the home currency,
the exchange rate risk will also be embodied in the export price.
This introduces a new term in the home price level and welfare,
as shown in Eq. (8.6) in the Appendix A. The new term is (1—v)cov
[log(S),log(%)] . the covariance between the exchange rate and the
foreign oil price, which will also be affected by the oil price stabilization
policy v. This covariance can be either negative or positive. To make the
home country prefer v=0, the home money supply must respond more
negatively to the world oil price. This requires that the home monetary
policy satisfies a <.

The Area B in Fig. 1 is the feasible monetary policy set under which
the foreign country will choose zero oil price stabilization v = 0, and
the home country will also prefer v= 0. It should be noted that different
combinations of a and b in this area deliver different welfare levels. As
shown in Proposition 1, Point A with a=b = =2 is the optimal

T-a

14 The covariance term actually represents the covariance between nominal wage and
domestic oil price. Money is equivalent to nominal wage in the model (W* = ZM"), so
we use money to replace nominal wage in the marginal cost.
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monetary policy, which delivers the highest welfare level. Fig. 1 also
show that the combination a = b = 0 is outside Area B.a=b =10
represents an exogenous money policy rule (constant money supply).
When a = b = 0, the foreign country will always choose a positive
level of oil price stabilization. From Eq. (8.10) in the Appendix A, we
can easily find that v=1 is optimal in this case.

Proposition 5 shows that without monetary shocks, some
endogenous monetary policies can also replace oil price stabilization
policy, so optimal monetary policy is not necessary for monetary
policy to substitute for oil price stabilization policy. This finding
implies that developing countries may use endogenous monetary
policy to stabilize oil price and do not need to rely on oil price
stabilization policy which may lead to fiscal burden. In reality,
central banks may not be able to figure out or implement the optimal
monetary policy, but endogenous monetary rules are often used.

From the above analysis, both endogenous monetary policy and the
existence of monetary shocks are critical for the desirability of oil price
stabilization. Intuitively, if monetary policies can respond the oil price
shock effectively, then they can replace oil price stabilization policy.
However, if they are far away from optimal monetary policy or are
subject to large implementation errors, they will not be able to stabilize
the impact of oil shocks on the real economy, then oil price stabilization
policies are needed.

If there are no endogenous monetary policies and monetary policies
are fully random, how will our results be affected? If we assume that
neither home nor foreign country responds to oil price shock, that is,
a =0 and b = 0, but money supply is stochastic (02 = 02.>0), then
the expected utility for home and foreign countries are given by:

2 r 2
EU=A—{% [n+ (A=m)(1—v|o; + (1_20‘) +(1—n)(1—a+(xv)ozv}aﬁ
(4.8)
P 1—ma—v?lo? + 179 L (1 mag—v)a—
= 7[n+( n)( v)}<q+_ 5+ (1=ma(1-v)(1-av) o}
(4.9)

Thus it is straightforward to have the following proposition.

Proposition 6. If monetary policies are fully random, it is optimal for the
foreign country to choose full oil price stabilization (v=1), but this is not
the preferred level of oil price stabilization for the home country. The
home country will gain from the full oil price stabilization if and only if

aog — 202> 0.

See the Appendix A for proof. For the foreign economy, if monetary
policies are fully random, full oil price stabilization is optimal. However,
for the home country, we can see from Eq. (4.8) that an increase of v will
reduce the first term in the bracket, but increase the second term in the
bracket. So there is a trade-off in the choice of oil price stabilization.
Intuitively, for the home country, on the one hand, higher degree of
oil price stabilization reduces the welfare loss due to oil price shock
(02); on the other hand, it implies that more exchange rate risks will
be incorporated into their imported goods prices. The home country
will, therefore, prefer partial stabilization or even zero stabilization
depending on the size of shocks. If the foreign country chooses a full
oil price stabilization policy, will the home country gain from this
policy? The answer is yes if the oil price shock is sufficiently large or
monetary shocks are sufficiently small.

To summarize, our analytical results show that in most cases, the
home country will not gain from the oil price stabilization policy in
developing countries. In the following sections, we will use quantitative
analysis to assess welfare implications of oil price stabilization policy in
a more general and realistic DSGE model setting.

5. A quantitative model with dynamic pricing and endogenous
oil price

To check if our analytical results hold in more general setup, we
extend our analytical model to a full-fledged dynamic stochastic general
equilibrium model. First, our analytical model is a static model with
one-period price setting, so the currency choice of export pricing has
very extreme implications on exchange rate pass-through. Now we
consider a dynamic price setting where exchange rate pass-through is
incomplete. Second, we assume that the oil price is exogenous and
stochastic in previous sections. Although this assumption is standard
in the literature, it has its own limitations. That is, the oil price is
not affected by monetary policies and oil price stabilization policies.
To make the model more realistic, we consider a stochastic oil supply
function so that the oil price is endogenously determined by the oil
market clearing of demand and supply. By doing so, the oil price can
interact with monetary policies.!” Third, in our one-period model,
inflation dynamics are not important and we do not take it into
consideration. Nevertheless, in a dynamic setting, the inflation is crucial
for monetary policy, so we consider endogenous monetary policy rules
that target inflation in the dynamic model. In the real world, more and
more countries adopt interest rate rules in the conduct of monetary
policy. Meanwhile, in recent literature, the analysis of monetary policy
in a dynamic price setting is mostly based on Taylor-type interest rate
rules. Therefore, we also introduce a Taylor interest rate rule in both
countries in the dynamic model.'® Finally, in our analytical model,
we assume a complete financial market to avoid complexity. For
quantitative assessment, we consider an alternative financial structure,
namely, balanced trade or financial autarky, so as to investigate if our
results are sensitive to financial structure change. The extended model
is presented in the following subsection.

5.1. Household

In this section, the representative household maximizes life time
1o

utility, U= E 0" (%‘_;;;—T]Lm) , where s is the inverse of elasticity of

labor supply.'” We consider two financial structures, complete financial
market and financial autarky. The budget constraint under complete
market is given by

PCe+ Bpeyq + Z B(SVHI |§[>D(§Hl) =W.L +R,_1By
ez, ‘
+ 11+ T, +D(¢"),

(5.1)

where D({) represents the household's payoff on state-contingent
claims on state ¢ B(¢t T 1|¢f) is the price of a claim that pays one dollar
in state ¢ T !, conditional on state of ¢ occurring at time t. By, is the
holding of domestic bond, and R; is the domestic gross interest rate
between period ¢t and t + 1. In addition to optimal conditions in the

15 In the static model, to have analytical results, we assume financial market is complete
and the shocks are log normal. If we consider endogenous oil price determination in the
analytical model, due to the presence of world oil market clearing condition, even with
complete market, the model cannot be log-linear any more. So there will be no close-
form solutions.

16 1t should be noted that the Taylor rule is not the optimal monetary policy, but an
endogenous monetary policy. To our knowledge, there are still difficulties in solving
non-cooperative optimal monetary policies in a two-country general equilibrium model
with dynamic pricing and endogenous oil price determination. Actually this topic itself
deserves investigation a separate paper. Furthermore, as shown in the analytical model,
optimal monetary policy is not necessary for monetary policy to replace oil price
stabilization. Hence, in the dynamic model we only consider some endogenous monetary
policy rules and check if they can substitute for oil price stabilization policy. Intuitively, the
optimal monetary policy should be more effective in stabilizing economic fluctuations
than these sub-optimal policies.

17 Interest rates are used as monetary policy instruments so money will be endogenously
determined and becomes redundant in the model. Therefore, we drop the real money
balance in the utility function.
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analytical model, we have a new Euler equation for holding domestic
bond,

1 P,
R, BC 2

Rt t+1 t+1

(5.2)

where R, is also used as monetary policy instrument by home monetary
authority.

We also consider an alternative financial structure, namely, balanced
trade or financial autarky. The budget constraint under financial autarky
is given by

P.Ci+Bpy = WL + R 1By + I + T (53)

For simplicity, we assume that the oil producer rebates the revenue
of oil sold to the home country as a lump-sum transfer to the home
country, and similarly for oil sales to the foreign country.'® Under
financial autarky, we also have the Euler Eq. (5.2).

5.2. World Oil Supply and Oil Price Stabilization

We assume that the oil is supplied by a third party such as OPEC.
The oil price is quoted in the home currency and is endogenously
determined in the world market. The world oil supply function is
assumed to follow,

0; = 9(%)%)@()([), (5.4)

where Q; is the nominal world oil price quoted in US dollars, so Q;/P; is
the real price of oil; and x is an oil supply shock that captures all the
uncertainties related to the oil supply, including oil productivity shocks,
geopolitical risk, and other factors that may affect oil supply; and © and
Q are the world oil supply and real oil price in the steady state,
respectively. ¢>0 is the price elasticity of world oil supply. x is assumed
to follow a stochastic AR(1) process x; = pyX; — 1 + €x¢ With persistence
pxE (0,1) and variance g2,

There is no market intervention in the home country, so the oil price
faced by home firms is Q..The foreign government sets its domestic oil
price according to the following rule,

1—v
Q; = 7(%) : (5.5)

where Qf is the targeted oil price (inflation adjusted) set by the foreign
government and v, as in previous analysis, denotes the degree of oil
price stabilization.

5.3. Production

In this model, firms' production and marginal cost are the same as
those in the analytical model; and firms in both home and foreign
countries set export prices in the US dollar. Following Clarida et al.
(2002) and Engel (2011), we adopt the standard Calvo price-setting
technology, which allows for asynchronized price setting.

Now we present home and foreign firms' optimization problems.
In the home country, a given firm may reset its prices with probability
1 — K each period. When the firm resets prices, it will be able to reset
a single price in home currency for sales in both home and foreign
markets.

18 Note that under complete financial market, we do not need the assumption about the
oil sale revenue rebate since the transfer does not affect the risk-sharing condition.

The home firm that can reset its price at time t chooses price P} (i),
to maximize the following objective function,

ES W[ (P —MC. ) Yo, 0] (56)

=0
where Yj,(i) = Cu(i) + Cp(i) is the demand for home good i from home
and foreign markets, and f,; = B’ (%) - (,,”—j) is the stochastic
discount factor. The optimal price for home good i is given by

o (i) = A Et§ -0 K]ﬁt,t+jphht+jMCt+jyt+j
hht(1) =5 —7 =
A—1 EIE o

; (5.7)
KB iP e+ Ve

Since a fraction x of goods prices remain unchanged from the
previous period, the price index for home goods sold in the home and
foreign markets can be written as follows, respectively,

Pt = [WPhac1 + (1=r) (Pha) ] ™ (58)
o +1—\ 0\ 1-A] T
Pig = WP + (1=m) (Pia) | (5.9)

where Py = .

In the foreign country, when a firm is able to reset prices at time t, it
chooses to reset two prices, P;°, in terms of foreign currency for sales in
its own country and Pg, in terms of home currency for exports to the
home country, to maximize the following objective function,

P t . %0 [+ * . ok .
tZK]B] t+j |:<jh()_MCt+j( )>Cft+j<l) + (ijt(1)_Mct+j<l)>cﬁ+j(l):|v
(5.10)

where Cy(i) and Cj(i) denote the demand for foreign good i from the
home and foreign markets, respectively. The optimal prices for the
foreign good i are given by,

A E[Z KB[tﬂPth]MCHJCfHJ
D=3=1% is P Croj
tz K tHﬁt t+j fht+j et

P (5.11)

=) ik A * ok
P i) A EtZ] OKjﬁtHijﬂﬂMCHjcij
fft = N_ d C* .
A1 Etz KB“H ft+j ft+j

(5.12)

Similarly, the price index of foreign goods in the home and foreign
markets can be written as,

_ 1-A] ™
Py = {Kp}h[ﬁ]+(1—;<)(1)f"m) } , (5.13)
" . 1-A]™
Pp = {Kpff} (- K)(Pfﬁ) } (5.14)

Given these prices, we derive the price index for each country as
follows:

P = PhyPpe", Pp = Pig"Pp' " (5.15)
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5.4. Monetary Rules

Monetary authority in each country is assumed to commit to a
Taylor-type interest rate rule:

log(R,/R) = (1=pp)log(R,_1/R) + p; [arglog(m/T) -+ alog(V,/¥) | + &,
(5.16)

log(R; /R) = (1—p;)log(Ri_1/R) + p; |eizlog(m; /T) + g log (Y /¥)]| + &5
(5.17)

where R; (Rf) is the gross domestic interest rates, m; (m;) is the CPI
inflation; Y; (Y;) is the domestic output. The variables with bar are targets
for monetary authorities. p,(po;) is the parameter that governs the interest
rate smoothing. Following Chari et al. (2002), we introduce two
monetary shocks €, and €5, which represent uncontrollable disturbances
to the interest rate rule. These shocks capture the imperfect conduct of

monetary policy. We assume that &,.~N(0,0%), and €},~N (O, of‘ )

5.5. Equilibrium

The goods market clearing conditions for home and foreign goods
can be written as, respectively,

Y; :n?+(1—n)P‘ft, Yy :n%-&(l—n)ﬁf‘. (5.18)
hht hft ht (3
In equilibrium, the world oil market clears, such that
0, +0; = 03, (5.19)

where 0; = oG and 0; = ot The employment in each country is
determined by the following conditions,

MC,Y,
W,

MC;Y;
Wi

L= (1-a) 5 L= (1-a)

Finally, in the case with complete financial market, two domestic
bond markets clear (B, = 0 and Bf = 0) and the state-contingent bond
market clears.

In the case with alternative financial structure (financial autarky),
two domestic bond markets clear (B, and Bf =0). Hence, in equilibrium,
the budget constraint for the home country can be simplified as
S¢PnstCh = Pm¢Cx, which implies that
(1—n)S.P;C; = nP,C, (5.20)

Eq. (5.20) is the balanced trade condition, which is analogous to the
risk-sharing condition (3.2) under complete market.

6. Quantitative analysis

In this section, we conduct quantitative analysis of oil price
stabilization policy. To solve the stationary problem in the two-
country model, all the home nominal prices will be detrended by the
home CPI whereas the foreign prices will be detrended by the foreign
CPL"

6.1. Calibration

The model is calibrated at quarterly frequency. The parameter values
for the benchmark model are reported in Table 3. Most values are those

19 The Dynare software is used for quantitative analysis such as impulse response
function analysis and welfare comparison.

Table 3

Major parameter values in the calibrations (benchmark model).
B Discount factor 0.99
P Inverse of the elasticity of intertemporal substitution 2
V] Inverse of the elasticity of labor supply 1
K Degree of price stickiness 0.75
A Elasticity of substitution across individual goods 11
a Share of oil/commodity goods in production 0.08
n Home country size 0.5
Py Interest rate smoothing coefficient in taylor rules 0.79
(o) Inflation coefficient in taylor rules 215
() Output coefficient in taylor rules 023
o{or) Standard deviation of interest rate shock 0.0025
© Price elasticity of oil supply 0.04
Ox Persistence of oil supply shocks 0.74
Oy Standard deviation of oil supply shock 0.0156

commonly used in recent literature, for example, Benigno (2009) and
Chari et al. (2002). We set 3 = 0.99, which implies that the steady-
state annual real interest rate is 4%. The risk coefficient, p, is set to 2 so
that the elasticity of intertemporal substitution is 0.5. We set ¢y =1 so
that the inverse of the elasticity of labor supply is 1. Following recent
empirical studies on the estimation of price rigidities, we set K = 0.75
so that all the prices will be fully adjusted in four quarters. We assume
A =11 so that average markup is 10%.

As before, the home country is assumed to be the US while the
foreign country is a group of developing countries. In the benchmark
case, we assume that they are of equal size, n = 0.5. In the data, the
share of oil in the production, ¢, differs substantially across countries.
Bouakez et al. (2008) show that, on average, « is close to 4—5%
in developing counties while in the US it is approximately 3—4%.
However, when we interpret « as the share of primary commodities
generally, rather than oil in particular, & could be relatively larger.
Following Devereux et al. (2010), we set o = 0.08.Since the country
size and the share of oil in production are critical for welfare evaluation,
we will discuss how changes in n and « affect our results in the sensitive
analysis.

We consider a standard Taylor rule with interest rate smoothing in
both countries. Following Clarida et al. (2000), we set p, = p; = 0.79,
o = =2.15, and o, = o, = 0.23.In the benchmark model, we choose
0, = 0; = 0.0025 (0.25 percentage point), which is within the range of
recent estimates in Lubik and Schorfheide (2003) and Dong (2012).2°
We estimate the oil supply function using quarterly data of real oil
price and production from 2003 to 2012. From the estimation, the
price elasticity of oil supply, ¢, is set to 0.04; and the shock to oil supply,
Xy, is assumed to follow a stochastic process

X, =0.74x,_1 + &,
where &, is a white-noise process with standard deviation oy = 0.0156.%"
6.2. Impulse responses to oil supply shock

In this subsection we investigate how the oil price stabilization
policy affects dynamic responses of the home and foreign economies

20 Gali (2011) also considers a disturbance to the interest rate, which raises interest rate
by 0.25%. Although there is no interest rate smoothing, shocks to interest rate rule follows
an AR(1) process with an AR coefficient of 0.5. In the absence of an endogenous
component in the rule, such an experiment would be associated with a one percentage-
point increase in the (annualized) interest rate. Our choice of 0, has a similar implication
on the interest rate.

21 Structural analysis of the oil market (eg., Bodenstein and Guerrieri, 2011) typically
considers a perfectly inelastic oil supply. However, recent empirical studies by Krichene
(2002) and Baumeister and Peersman (2011) suggest the existence of small but
significantly positive oil supply elasticity. Our estimation is close to the value (0.025) used
in their work. We also consider alternative values of ¢ from 0 to 0.1 and find that our
results are not very sensitive to the value of ¢.Details of our estimation can be found in
the Technical Appendix A, which is not for publication, but available upon request.
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Fig. 2. Responses of Economies to an Oil Supply Shock under Zero and Full Stabilization.

to a negative oil supply shock (a decrease of oil supply). For comparison,
we report two extreme cases: zero stabilization and full stabilization.
Fig. 2 depicts the impulse responses of consumption, output, labor, oil,
inflation, real oil price, interest rates, and real exchange rate to a one
standard-deviation (0.0156) decrease in world oil supply. For simplicity,
we consider a complete financial market.

Fig. 2 shows that, without oil price stabilization in the foreign
country (v=0), the responses of real variables in the home and foreign
countries are very similar. The decline of world oil supply pushes up the
oil price and leads to the decrease in output and consumption. On the
production side, the firm will hire more labor and reduce its demand
for oil. Due to the presence of nominal rigidities, the increase of oil
price will only pass-through gradually into inflation, which eventually
leads to the increase of interest rates. In this setting, the home and
foreign countries are almost symmetric except for the export pricing,??
so the responses to a common world shock do not lead to movements
in the real exchange rate.

When the foreign government fully stabilizes the domestic oil price
(v = 1), the responses of the home economy and foreign economy
variables are substantially different. In the foreign country, the real
price of oil remains at the target level. Thus, we observe small

22 Note that in the model with dynamic price setting, the asymmetry between two
countries due to export pricing is very small. This leads to similar responses of real
variables in both home and foreign countries.

substitution between labor and oil and small increases in inflation and
interest rates. In the home country, the rise of oil price still causes higher
demand for labor and lower demand for oil. Meanwhile, the responses
of domestic inflation and interest rate to the oil supply shock are similar
to those in the case with zero stabilization. A common oil shock
leads to asymmetric effects between home and foreign economies due
to the stabilization policy. The home output falls while the foreign
output rises slightly. This asymmetry also causes real exchange rate
depreciation. With complete financial market, the real depreciation
can offset the decline of consumption, which is driven by the negative
oil supply shock. Therefore, under a full stabilization policy, the home
consumption decreases much less than the foreign consumption.

Obviously, the oil price stabilization policy has substantial effects on
both home and foreign economies. In the following subsection, we will
study the optimal level of oil price stabilization and conduct rigorous
welfare analysis of the oil price stabilization policy.

6.3. Welfare results

The welfare measure we use is the conditional expected lifetime
utility of the representative household at time zero. Following Schmitt-
Grohe and Uribe (2004), the expected lifetime utility is computed
conditional on the initial state being the deterministic steady state,
which is the same for all policy regimes. To measure the magnitude of
welfare differential across regimes, we define ¢ as the percentage
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Table 4 Table 5
Welfare results under complete market. Welfare results under balanced trade.
olo) & vl Gv=0)  glv=vrml) A o) & vl gv=0)  Glv=vriml) A
0.01 Home —0.0824 —0.0962 —0.0138 0.01 Home 0.0040 —0.0104 —0.0144
Foreign 0.76 0.014 0.0209 0.0069 Foreign 0.71 —0.0856 —0.0770 0.0086
0.005 Home —0.0203 —0.0226 —0.0023 0.005 Home 0.0014 —0.0021 —0.0035
Foreign 0.40 0.0034 0.0048 0.0014 Foreign 0.18 —0.0216 —0.0192 0.0024
0.0025 Home —0.0049 —0.0053 —0.0004 0.0025 Home 0.0006 0.0006 0
Foreign 0.10 0.0009 0.0011 0.0002 Foreign 0 —0.0055 —0.0055 0
0 Home 0.0001 0.0001 0 0 Home 0.0001 0.0001 0
Foreign 0 0.0001 0.0001 0 Foreign 0 0.0001 0.0001 0

change of deterministic steady-state consumption that will give the
same conditional expected utility EU under policy regime k. That is, ¢
is given implicitly by

o ] 1P n 71
[ (1+8e)T] =l
1-p

= EU, (6.1)

where a bar over a variable denotes the deterministic steady state of that
variable. If {;>0 (<0), the welfare under regime k is implied to be higher
(lower) than that of the steady-state.

Welfare results in Tables 4 and 5 show that, given the size of oil
supply shock, when the interest rate shocks become smaller, the foreign
country will have less and less incentive to stabilize oil prices. This
finding implies that if the central bank can implement monetary policy
perfectly, then there is no need for the government to stabilize oil prices.
The simple intuition is as follows. If the shocks to interest rates are small
enough, it is easier for the central bank to achieve inflation stability,
which requires the firm to have a stable marginal cost. In this sense,
the monetary policy that targets inflation can be considered as a
substitute for the oil price stabilization policy.”> We also find that the
home country does not gain from the oil price stabilization in the
foreign country. This implies that our results in the analytical model
hold in the quantitative analysis. Tables 4 and 5 also imply that these
findings do not depend on financial structure.

The comparison between Tables 4 and 5 shows that, given the size of
monetary shocks and oil supply shock, the optimal degree of oil price
stabilization chosen by the foreign country under financial autarky is
lower than that under complete financial market. Intuitively, when the
foreign country stabilizes its oil price, on the one hand, it implies more
stable marginal cost and thus domestic inflation; on the other hand, oil
price stabilization may also drive more fluctuation in employment and
output. With complete market, the latter negative effects on consumption
and household utility due to oil price stabilization will be mitigated. So
the foreign country will choose a higher degree of oil price stabilization.
However, without risk-sharing across countries, the foreign country
needs to take the negative effect into consideration. This will reduce its
incentive to stabilize oil prices.

Can other endogenous monetary policy rules substitute for oil price
stabilization policy? To answer this question, we consider some other
forms of the Taylor rules. To focus on the comparison of different
rules, we assume 0, = 0; = 0. The first rule is a strict inflation targeting
rule, in which interest rate only responds to inflation. The rules in the
home and foreign country are given by

log(R,/R) = a,log(m, /), (6.2)
log(R;/R) = alog(m; /7). (6.3)
23 If we introduce multiple sectors with heterogeneity (such as non-tradable sector or
different oil intensities across sectors) into the model, these results may be affected. The

analysis of multi-sector models is beyond the scope of this paper, but we think it is an
important issue that is worth investigating in another paper.

In our quantitative exercise, we set the inflation coefficient o; =
oy = 900; The second rule is a standard Taylor rule which targets the
real exchange rate besides output and inflation,

log(Re/R) = (1=p,)log(Re_i /R) + p; [azlog(m,/m) + e log (¥,/Y)]
+ alog(e, /e) (6.4)

log(R;/R) = (1—p;)log(R;_1/R) + p; [elog(m; /) + alog (¥ V)]
+ aélog(efl/éq)
(6.5)

where e, = % is the real exchange rate. Following Clarida et al. (1998)
and Engel and West (2006), we set o, = o = 0.1. With o, = ;> 0,
the monetary authorities are assumed to raise interest rates when the
real exchange rate is above (the currency depreciates relative to) its
long-run level. The other parameters are the same as those in the
benchmark Taylor rules.

In addition to these Taylor rules, we also consider an exogenous
money growth rule. In this exercise, a money-in-utility function same
as that in the analytical mode is introduced. This gives a home money
demand ¥ = yCP:k For simplicity, we assume both countries adopt
constant money supply, which is similar to the monetary policy rule
a=>b =0 in the analytical model. Table 6 shows that, without interest
rate shocks, all three Taylor rules deliver similar welfare results and
the foreign country will choose zero oil price stabilization. In contrast
to Taylor rules, under the exogenous money supply rule, the foreign
country will choose a positive level of oil price stabilization. These
results also support our findings in the analytical model.

In the above analysis, we assume that monetary shocks in the home
and foreign countries are of the same size. In reality, we usually observe
more volatile monetary shocks in developing countries. Therefore, it is
important to investigate how asymmetric monetary shocks affect the
optimal degree of oil price stabilization and its welfare consequences.
In the following experiment, we still consider Taylor rules in both
countries, but keep 0, = 0.0025 unchanged and increase the value of
oy from 0.0025 to 0.01. Table 7 shows that the increase in the foreign
monetary shock volatility unilaterally generates similar results as
those in our benchmark model.

Table 6
Welfare Results under Different Monetary Rules.
Rules gk Voprimal gk(vopn'mal)
Standard Taylor rule Home 0.00011
Foreign 0 0.00011
Strict Inflation targeting rule Home 0.00020
Foreign 0 0.00020
Taylor rule with ER targeting Home 0.00012
Foreign 0 0.00012
Exogenous money supply rule Home 0.00013
Foreign 0.095 0.00007
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Table 7 Table 9
Welfare results under asymmetric monetary shocks. Welfare results change with price elasticity of oil supply (¢).
0,=00025 & vimal gv=0)  Glv=vPm) o AG @ Sk veprmal G(v=0) Gilv = vePimety AG
;=001 Home —0.1005 —0.1135 —0.0130 0.10 Home —0.0208 —0.0231 —0.0023
Foreign  0.85 0.0741 0.0807 0.0066 Foreign 0.40 0.0034 0.0047 0.0013
0;=00075  Home —00559  —0.0613 —0.0054 0.04 Home —0.0203 —0.0226 —0.0023
Foreign  0.65 0.0399 0.0428 0.0029 Foreign 0.40 0.0034 0.0048 0.0014
0;= 0,005 Home —0.0240  —0.0255 —0.0015 0 Home —0.0199 —0.0220 —0.0021
Foreign  0.41 0.0155 0.0164 0.0009 Foreign 0.40 0.0034 0.0047 0.0013
0;=00025  Home —0.0049  —0.0053 —0.0004
Foreign  0.10 0.0009 0.0011 0.0002
Table 10
Table 8 Welfare results change with oil share in production («).
Welfare results change with country size (n). o 4 (optimal Gv=0) (v = yoprimaly AG,
n b vl Gv=0)  Glv=vrm) A 008  Home 00203 —00226 ~00023
0.8 Home —00113 —0.0115 —0.0002 Foreign 0.40 0.0034 0.0048 0.0014
Foreign 041 0.0026 0.0049 0.0023 0.06 Home —00198 —0.0219 —0.0021
0.65 Home —0.0156 —0.0169 —0.0013 Foreign 0.40 0.0030 0.0044 0.0014
Foreign 040 0.0048 0.0068 0.0020 0.04 Home —00192 —0.0211 —0.0019
05 Home —0.0203 —0.0226 —0.0023 Foreign 0.18 0.0024 0.0038 0.0014
Foreign 0.40 0.0034 0.0048 0.0014
0.35 Home —0.024 —0.0274 —0.0033 . ) o . .
Foreign 0.40 —0.0004 0.0003 0.0007 in ¢, the price elasticity of oil supply, do not affect the optimal degree of
0.2 Home —0.0252 —0.0277 —0.0025 oil price stabilization. Its impact on welfare is also negligible. With
Foreign 0.16 —0.0054 —0.0052 0.0002 regard to the share of oil in production, the more oil-intensive the

Finally, the welfare gain of foreign country from oil price
stabilization is clearly quite small by any conventional standard. This
finding is similar to that in Bouakez et al. (2008).

6.4. Sensitivity analysis

In this subsection, we discuss the sensitivity of our results to changes
in some parameter values such as home country size, price elasticity of
oil supply, and the share of oil in production. In addition, we also
investigate how the introduction of technology shocks affects our
results. In the sensitivity analysis, we still consider complete financial
market and Taylor interest rules with o, = oy = 0.005.

Firstly, we discuss the sensitivity of our results to changes in home
country size. Table 8 shows that given the size of monetary shocks
(0, = 0y = 0.005) and oil supply shocks (o, = 0.0156), our result that
the home country may lose from oil price stabilization holds for a
wide range of values for n. This finding implies that the negative spill-
over effect of oil price stabilization on the home country does not
depend on the country size. Quantitatively, however, the negative
impact of oil price stabilization on home country decreases when
home country size increases. This is not surprising because the foreign
country is more like a small open economy when n is sufficiently large.

From Table 8, we also see that, when n is small, the degree of optimal oil
price stabilization is small.>* However, when home country size n is above a
threshold value, the increase of n does not affect the optimal degree of oil
price stabilization for the foreign economy. This implies that in the dynamic
model, the relationship between n and optimal v is non-monotonic. This
is because in the dynamic general equilibrium model, the country size
affects the optimal degree of oil price stabilization through various channels.
For example, the country size n not only affects the demand structure
and price setting but also affects responses of monetary policy to shocks.

We also consider alternative values of the price elasticity of oil
supply and the share of oil in production. The results are given in
Tables 9 and 10. Empirical evidence suggests that the elasticity of oil
supply is extremely small, so we consider a range for ¢ from zero to
an upper bound of 0.1, which is consistent with estimates in the
literature, such as Kilian (2009). From Table 9, we can see that changes

24 Our paper focuses on the US and the developing countries, so a small n does not seem
realistic for the calibration of country size of the US.

economy, the larger the impact of oil supply shock on the economy.
From Table 10, we find that the optimal level of oil price stabilization
under a=0.08 is higher than that under o= 0.04.However, the optimal
degree of oil price stabilization is not very sensitive to changes in a.For
example, when « decreases from 0.08 to 0.06, the optimal level of oil
price stabilization does not change.

Finally, we also introduce technology shocks into this dynamic
model. We assume that production function is given by Y(i) =
A(OL(i))! ~“0(i)* 0 is a country-specific labor-augmenting productivity
shock in the home country, following a stochastic process, logf; + 1 =
pologd; + 4. The foreign productivity has a similar stochastic process,
but with an independent shock eg.In our quantitative analysis, we set
the persistence of technology shocks py = ps = 0.9 and change the
value of 0y (0p) from 0 to 0.008, which is in the range of empirical
estimation.

There are two interesting findings in Table 11. Firstly, given the size
of oil supply shocks, when the technology shock is small, a standard
Taylor rule without monetary shocks can still replace oil price
stabilization policy. That is, the foreign country will choose v = 0.
However, when the shock size increases, then the optimal oil price
stabilization for the foreign country is positive. Secondly, when the
foreign country chooses positive level of oil price stabilization (v > 0),
the home country also loses from this stabilization policy.?

How to explain these findings? Our previous analysis shows that, both
monetary policy and oil price stabilization can be used to stabilize the oil
prices, so there exist cases where oil price stabilization policy can be
replaced by endogenous monetary policies. However, when technology
shocks are considered, then the endogenous monetary policy needs to
respond to both oil shocks and technology shocks. So policy makers will
face a trade-off. If the technology shock is small, monetary policy can
still respond to oil shock effectively, which implies the foreign country
will choose zero oil price stabilization policy. However, if the technology
shock is large, then monetary policy will respond mainly to technology
shocks. As a result, oil price stabilization policy may be needed. In some
sense, introducing technology shocks is similar to introducing monetary
shocks, which implies the monetary policy cannot respond effectively to
oil shocks. This may explain why the results in Table 11 are very similar

25 In the analytical model, if productivity shocks are introduced, optimal monetary policy
(without monetary shocks) can replace oil price stabilization policy. This is because with
one-period setting the optimal monetary policy can respond to the oil price shock and
productivity shocks efficiently.
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Table 11
Welfare results with technology shocks (0y(05)).

oo & wrml =00 Glv=vriml ag

0.008 Home 0.0131 0.0022 —0.0109
Foreign 0.6 —0.0198 —0.0090 0.0108

0.005 Home 0.0039 —0.0022 —0.0061
Foreign 030 —0.0085 —0.0030 0.0055

0.0025 Home 0.0016 —0.0015 —0.0031
Foreign 030 —0.0026 —0.0003 0.0023

0.0005 Home 0.0003 0.0003 0
Foreign 0 —0.0002 —0.0002 0

0 Home 0 0.0001 0.0001 0
Foreign 0 0.0001 0.0001 0

to those in our benchmark case. This finding also has policy implication.
That is, it is better for developing countries to adopt oil price stabilization
policy when they are subject to large productivity shocks.

Overall, our results in the quantitative analysis are consistent with the
findings in the analytical model. In the analytical model, we show that oil
price stabilization can be replaced by some endogenous monetary policies
without monetary shocks. In the quantitative analysis, we find that
standard Taylor rules can also be substitutes for the oil price stabilization
when interest rate shocks are small enough. This result is useful for those
developing countries who adopt Taylor rule type monetary policies. We
also find that, for empirically plausible parameters values, the US cannot
gain from the oil price stabilization in developing countries. This result
indicates that the US may not gain from huge oil subsidies in developing
countries through trade, contrary to common conjecture. The quantitative
analysis also shows that our results are robust to changes in financial
structure, monetary policies, and some parameter values.

A few simplifications are applied in our model. First, we do not
consider distortionary tax to support oil price stabilization in this
model. This is because even with lump-sum tax or transfer, we show
that oil price stabilization policy can be replaced by monetary policy. If
we introduce some extra costs of oil price stabilization, it will be
straightforward to show that the foreign country will have even lower
incentive to adopt oil price stabilization. Second, we do not consider
home bias in our model. In the open-economy macroeconomics
literature, home bias can be considered as a short-cut way to model
openness. For example, a less open economy puts less weight on the
consumption of imported goods, and in the limit the economy becomes
closed if it does not import any goods. The impact of home bias on our
results seems ambiguous. On the one hand, if the home country does
not trade much with developing countries, the oil price stabilization
policy in these countries will be less relevant for the home country.
On the other hand, home bias substantially affects the real exchange
rate movements and thus monetary policy. Therefore, there might
exist a non-monotonic relationship between the home bias and the
optimal level of oil price stabilization.

7. Conclusion

In this paper, we investigate how oil price stabilization policies in
developing countries affect the global welfare, especially the US welfare,
in a two-country model. We find that whether developing countries
should adopt oil price stabilization policies depends critically on
monetary policies. Our analysis shows that when monetary policies
can respond to oil shocks effectively, developing countries do not need
to rely on oil price stabilization policies. Hence, our paper suggests an
alternative policy instrument to stabilize oil price for developing
countries. Regarding the welfare implication, we find that in most
situations, the US cannot gain from the oil price stabilization. In other
words, there is no positive spill-over effect of oil price stabilization
policy in developing countries. Given the small welfare gain from oil
price stabilization, should developing countries abandon their oil price
stabilization policies? To answer this question, further investigation

will be necessary since oil price stabilization may lead to other benefits
that are not explored in the current framework. Given the resources
devoted to oil price stabilization in developing countries, investigating
the welfare implication of oil price stabilization policy will be an
important topic for future research.

Appendix A
A.1. Proof of Proposition 1

Monetary authorities are assumed to commit to the following form
of state-contingent monetary rules
m=aq+u, m =bq+u’ (8.1)
where u and u* denote the disturbances to money aggregate and a and b
represent the policy parameters. The monetary authorities thus choose
policy parameters a and b respectively to maximize the expected utility

for home and foreign households. We solve the optimal monetary policy
parameters {a,b} by solving the Nash game.

n * n
max EU(a, b"), max EU (a",b)

Given pre-set prices and money demand functions, we may solve for
consumption and employment levels in each country explicitly.

5 np pe(1—n) |7
co— ([IMM T (8.2)

1 M
C= Y n p* 1—n
X Pp;Py

X PPy

We simplify the exposition first and focus on a special case where
p=1.25 When p = 1, the expected labor supplies for both countries
are a function of constant parameters,>’ EL = EL’ =1 Thus, the
expected utility for the home country depends on the mean of log
consumption; and the variance of log consumption has no impact on
the expected utility of households.

11—«

EU = Ec— —
A

(8.3)

From the money demand function c = —Iny + m — p and the
assumption Em = 0s, we can show that the expected utility for home
country is fully determined by the expected log price level.

EU=—Iny————Ep. (8.4)

Using the price index for home country, we have
P = Pj Py, " = AEIMC]"E[MC’s] ' " (8.5)

From the marginal cost and the optimal conditions for money and
labor, we have

[ x(ﬂ)1‘“5{(M)1—aQa}nE{(M*)l_a(@v(

26 The general case where p > 1 can be referred to the Technical Appendix, which is
available upon request.

27 This is very straightforward when we substitute the pricing equations and risk-
sharing condition into the labor market clearing conditions. More details can be referred
to the Appendix A of Devereux et al. (2010).
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It is assumed that InQ = 0. Using the log normal property of these
shocks and taking log, we can get

Ep= ln)l(%) e + g {[(1 —@a+ a0l + (1 —a)ZULZ,}

‘17
+Tn {[(1 —o+ av)a—avb + o1 —v)]zoz + [(1 —a+ Ozv)2 + ozzvz]oﬁ}
(8.7)
Using the price index for foreign country, we have
pr— [P n(P )1_” = ST"AEIMC"E[MC"]" " (8.8)
s|\Uf '

From the marginal cost functions and the optimal conditions for
money and labor, we have

P = s*“f\(g) 1_ME[(M)““Q“]"E {(M*)“” (6” (%) H) a] o (8.9)

Note that I'=1, so EInS = 0. Using the log normal property of these
shocks and taking log, we can get

Ep’ = ln)l(%) Ty g {(1—wa+ o] + 1-a’or}

1—n

+—{[(1—av)b—a(1—v)a+a(l—v)]202 (8.10)

2 q
+ [(1—cw)2 + a2(1 —v)z}aﬁ}

The Nash solution to the international monetary game can be
derived as

o {1_(1—n)(1—a+av)v] (8.11)

R é

11—«

—a(1—-v)(1—a+ av—nav)

b= (i-a)d

(8.12)

where ¢ = anv(a—2) + (1 — ae+ aw). Using the solutions a and b, we
may derive the expected utilities for home and foreign countries as

(1—n)n[(1—n)(1—a+(xv)2+n(1—a)2]v2a2 ,
EU = A— 252 ol
. (8.13)
+ —(1—2a) +(l—n)(1—a+av)ozv}oﬁ}
2 2.2 2
EU*_A_{n(l—n) (1;:2+av) Vo o2
1—a? (8.14)
+ +(1—n)a(1—v)(1—av)}o§}

¢ 11—«
where A = —ln;(—lfTa—ln)\(g) .

A.2. Proof of Proposition 2 and 3

The first order condition with respect to v for the foreign country is
derived as:

OEU” (1—n)’n(1—a + av)vo? [(1—a + av)(1—a) + ave)] 2
v ¢ Yq
+a(l-n)(1+ C(—ZO[V)O'i

(8.15)

where the first term is negative and the second term is positive. Hence,
when 02 = 0% =0, the optimal v is equals to 0. In the environment
with monetary disturbance, if 02 is sufficiently large, the sign of first
order condition is determined by the second term. This implies that
the foreign country may choose full stabilization. However, for any
0%2>0, we have

OEU"
ov

l—o = a(1—=n)(1 + a)s02 > 0

So there must exist a v>0 that delivers higher welfare than v = 0.
The expected utility for the home country is also a function of v, since

OEU [ (1—n)’n(1—a + av)va’[ovn(1—a)(2—) + ¢]
ov e

N (1 —n)nz(l —a)3va

, (8.16)
pe }oj—a(l—n)(l —a + 2av)0?

Since#U<0and vE[0,1], so v=0is optimal for the home country. In
other words, the home country does not have welfare gain from oil price
stabilization when the foreign country chooses any v>0.

A.3. Proof of Proposition 5

It is assumed that both home and foreign countries adopt an
endogenous monetary policy and respond negatively to an increase in
oil price, and there is no implementation error/shocks in the conduct
of monetary policy. That is, a<0, b<0, and 02 = 0. Nevertheless, these
endogenous monetary policies may not be optimally chosen. When
the foreign country chooses the optima degree of oil price stabilization,
the monetary policy (a,b) will be taken as given.

A.3.1. The foreign country
From Eq. (8.10) in the Appendix A, we have

61;3* — a(1—n)[(1—av)b—a(1—v)a + a(1—v)][b—a + 1].

(8.17)

If endogenous monetary policies make oil price stabilization policy
unnecessary, then we should have %<0 given a, b. From Eq. (8.17),
we have the condition that supports %2V <0,

[b—aa +a—av(b—a+ 1)](b—a+1)<0 (8.18)

Now we discuss three cases,

iyIf (b —a+ 1)>0, since 0 <v <1, we must have —
a(b—a+1)<—av(b—a+1)<0, this gives us

(1—a)b<b—aa+ a—oav(b—a+1)|<b—aa + a. (8.19)

Therefore, ifa—1<b<a(a—1)<0and a<0, we have 2V <0 and

the optimal degree of oil price stabilization is v= 0.

If (b—a+1)=0, then %2V = 0. In this case, v does not have any

effect on the foreign welfare. This case is not interesting and we

will not consider it.

iii) If (b—a+1)<0, since0<v<1,we have 0<—av(b—a+1)<—
a(b —a+ 1), which yields

ii

=

b—aa+a—av(b—a+ 1)<b—aa+ a—a(b—a+1) =
b(1—a)<0.

(8.20)

This implies that 2U°>0 and v = 0 is not supported in this case.
Hence, whena—1<b<a(a—1)<0and a<0, we will have £ <0
and the foreign country will choose v = 0.
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A.3.2. The home country

Givena — 1<b<a(a—1)<0 and a<0, we check how the home
country welfare will be affected. From Eq. (8.7) in the Appendix A, we
have

OEU

=, =e(l-nb-a+1)[(1-aa+a—avb—a+1) (8.21)

If %U <0, it implies that v =0 is also optimal for the home country.
Since0<v<1andb—a+ 1>0, we have

a—ab<(1—a)a+ a—oav(b—a+1)<(1—a)a+ o (8.22)

Hence, a sufficient condition for %U< 0is a < =%.Also, whena = =%,
#u — (.In this case, the home country also prefers zero stabilization.
Therefore,a — 1<b<oa(a — 1) and a<% is the feasible monetary
policy set in which the foreign county will choose v = 0 and the

home country will also prefer zero oil price stabilization policy.
AA4. Proof of Proposition 6

When there is no endogenous monetary policy, a=0 and b =0, the
expected utilities for home and foreign countries are given as:

2
(64 2 2
EU = A—{z [n+(1—n)(l—v) ]oq (8.23)
N2
+ |:(1;“)+ 1—n)(1—a+ av)av} 05}
. o’ 2] 2
EU" = A{z [n+(1fn)(1fv) }oq (8.24)
A2
+ [(1;‘)+ (1—n)a(1—v)(1—ozv)}oﬁ}
The first order condition for the foreign country is given by
ag_f/f = o’ (1-n)(1-v)0: + (1—n)(1 + a—20ew)ao, >0 (8.25)

So the optimal v chosen by foreign country is 1. Since the foreign
country chooses v = 1, the welfare gain from full oil price stabilization
for home country is given by

AEU = EU(v = 1)—EU(v = 0) = (1—n)a(ao§—o§) (8.26)

Hence, the home country can gain from oil price stabilization if and
only if aof — 02 >0.
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