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Abstract

In this study, we examined the role of monetary and fiscal policies in the diversification of oil-
dependent economies. Indeed, the change in external condition due to recent pandemic event and
international political frictions have profoundly impacted oil-exporting countries. On the demand
side, they have endured an abrupt fall in world oil consumption due to lockdowns during pandemic
crisis and are facing a potential decline of world oil demand as a result of a shift toward green
production to reduce pollution to the planet. On the supply side, they are facing negative supply
shocks on imported goods due to the disruption of the global value chain and the resulting
stagnation of global supply chain. To provide some policy responses to the need for diversification
of oil-exporting economies, we built a DSGE model including two production sectors and a
banking system. We simulated different scenarios aiming at orienting monetary and fiscal policies
towards supporting production in the non-oil sector. Our main results show that monetary policy
loses its efficiency facing negative oil price shocks. The effects of oil exports on bank’s liquidity
and credit in the market are much greater than Central Bank’s adjustment on the standard interest
rate. However, by supporting the non-oil sector, fiscal policy and quatitative easing are efficient
to reduce the contraction risk for oil-exporting economies.

Keywords: Environment, Structural Change, Oil-Exporting Economy, Monetary Policy, Fiscal
Subsidy, DSGE
JEL Classifications: E5, Q5
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1 Introduction

Emerging oil exporting countries are often exposed to external shocks, which can have
a significant impact on their economies. In the short term, fluctuations in the prices of
imported goods, but also of oil, have a significant impact on the macroeconomic balances of
these countries. In the case of Algeria, for example, since 2014, the downward trend in oil
prices, intensified by the Covid 19 pandemic in 2019, has caused a drastic drop in foreign
exchange reserves, which reached 44 billion at the end of 2021, while they exceeded 190
billion in 2014. Similarly, the sovereign wealth fund, known as the revenue regulation fund,
had exceeded 32 billion in 2014 and was completely drained in 2018!. As for the banking
system, it found itself in need of financing after a long period of excess liquidity, particularly
from 2001 to 2014. More recently, because of the war in Ukraine, the global food import
bill has risen dramatically, contributing to current account imbalances.

In the long term, oil-exporting economies may suffer from the decline in global oil demand.
Indeed the world economy, especially developed countries are shifting toward a more eco-
logical production. New energy resources are now made on to the calendar and the demand
for polluting energy such as petrol will potentially decrease in the coming years. Also, the
resource-rich country is at the peak of oil production and oil revenue horizon is relatively
short. To avoid the negative consequences of such a situation, oil dependent countries should
diversify their economies, by improving their non-oil production capacity and reducing their
dependence on imported products.

The main objective of this study is to provide policy recommendations aiming to facilitate
the transition from an oil-dependent economy to a more diversified one. To do so, we
propose a DSGE model including 6 agents: households, an oil firm, non-oil producing firms,
a final good producer, a banking sector and a public sector including the government and
the central bank. We calibrate the model to Algeria and simulate two main scenarios: a
negative oil price shock and a positive import price shock. In each scenario, we evaluate the
role of three instruments: conventional monetary policy, non-conventional monetary policy
and fiscal policy. We also evaluate the welfare effect of these three instruments under each
scenario.

Our paper is related to the literature studying the effectiveness of fiscal and monetary
policies in oil exporting economies using dynamic stochastic general equilibrium (DSGE)
models. Most of the literature focuses on the conduct of monetary and fiscal policies, the
assessment of the macroeconomic effects of oil price increases and the role of modeling in
dealing with these different shocks (mainly interest rates, exchange rates and oil prices). On
the monetary and fiscal policy side, Algozhina (2015), Allegret and Benkhodja (2015) and
Ferrero and Seneca (2019) have examined a range of policies for small open oil-exporting

!The data on foreign exchange reserves and the revenue regulation fund are based on data from the bank
of Algeria and the ministry of finance.



economies. Algozhina (2015), built a DSGE model to determine an adequate policy rule for
an oil exporting economy combined with a pro/counter/acyclical fiscal stance based on a
loss measure. Allegret and Benkhodja (2015) evaluated the effectiveness of a set of monetary
policy rules against external shocks by estimating a DSGE model using the Bayesian method
and Ferrero and Seneca (2019) constructed a simple model of an oil-exporting economy to
assess the optimal monetary policy response to a commodity price shock in a resource-rich
economy. According to Algozhina (2015), the best policy combination is inflation targeting
under a flexible exchange rate regime with a countercyclical fiscal stance. This allows to
stabilize inflation, aggregate output and the real exchange rate. Allegret and Benkhodja
(2015) found that, over the period 1990Q1-2010Q4, core inflation monetary rule allows the
best combination in terms of price stability and low volatility of production. Ferrero and
Seneca (2019) model shows that the optimal policy involves a reduction in the interest
rate following a decline in the oil price. In contrast, a central bank with a mandate to
stabilize consumer price inflation may raise interest rates to limit the inflationary impact of
an exchange rate depreciation.

The literature on macroeconomic effects provides different indications. Indeed, oil-exporting
countries experience varying responses to a positive oil price shock. These include higher
output and prices (Allegret and Benkhodja (2015)), higher output and lower prices (Ferrero
and Seneca (2019)), lower output and higher prices (Romero et al. (2008)), and lower output
and prices (Bergholt et al. (2019)). This difference in results can be explained by the
prevailing exchange rate regime, the degree of the country’s dependence on oil, the nature
of the monetary policy response to structural shocks, and the modeling strategy of the
researchers. Compared to existing literature, the innovation in our paper is that we establish
a theoretical framework, with explicit banking sector who invests in multi-sectoral industries,
i.e. oil sector and non-oil sector. The interest of the banking system in this study is to
capture the liquidity from oil exports. Indeed, during episodes of rising oil prices, banks
hold abundant liquidity that allows them to play an active role in financing the economy.
On the other hand, during episodes of falling oil prices, bank liquidity becomes scarce and
can contribute to worsening the macroeconomic effects of falling oil prices by reducing credit
to the economy. To the best of our knowledge, the banking system as an amplifier of the
effects of oil shocks has not yet been taken into account. We calibrate the model to Algeria,
and study the interaction between oil and non-oil sector and try to see whether consolidating
the non-oil sector makes the economy more resilient to external shock. We also incorporate
an import sector in the economy, as imported manufacturing goods play an important role in
the domestic consumption and we analyse the effects of negative supply shocks for imported
goods. Our work is the first that copes with a rich dynamics between different industrial
sectors, the financial market, and global supply chain in a small open oil-exporting economy.

Our results show that there is a much larger impact from negative external supply shock
(import price shock) than from the demand shock on oil products. The supply shock affects



essentially the non-oil sector. Facing an increase in imports price, fiscal policy to support
the non-oil sector are more efficient compared to conventional monetary policy.

On the welfare side, the effects of fiscal policy are much better for households. The reason
is that fiscal policy directly increases capital in non-oil firms, which increases the wage level
and consumption of workers. The suggestion is that in case of oil shocks, if the policy maker
wants to maximize social welfare, then a fiscal policy that supports the non-oil sector would
be a good choice.

Under negative supply shocks on imported goods, our simulation shows that compared to
the oil price shock, the supply shock has a more profound impact on the economy, in which
neither unconventional monetary policy nor the fiscal policy could have significant effects
to mitigate. This fact gives a strong signal to the policy makers that supporting domestic
economy and makes the economic structure more balances and less dependent to the external
world, should be the priority in the coming decade.

The rest of the paper is organized as follow. Section 2 presents the model. Section 3 explains
the calibration. Section 4 discusses the simulation and results. Section 5 effectuates the
welfare analysis. Section 6 concludes.

2 The model

We model an oil exporting economy by using a multi-sector open economy DSGE model.
We introduce nominal rigidities by assuming the existence of 6 agents: a representative
household, an oil good producer, a non-oil goods producers, a private bank, an importer
and a public sector including government and central bank.

2.1 Household

The representative household derives utility from consumption CH and leisure L7 = 1 —
N where NE corresponds to labor supply. They maximize the following lifetime sum of
discounted expected value of utility

EY BU(CH, N (1)
7=0

where [ represents the discount rate. The utility function is defined as :

(Cfl) 1-0% - (NtH) 1+of

U(-) =
() 1 -0 1+0o%

Parameters of, and o}, represent the inverse of intertemporal elasticity of substitution for
consumption and labor supply repectively.



A representative household faces each period the following budget constraint:
PC,tCtH =Wo.:Nos +WnoiNnos+ (1 —og)NWy + DIV, — T4, (2)

where Wy, and Wyo, represent the nominal wages in the oil and non-oil sectors. Fg
denotes the consumer price index defined in the section 3 and 7T is a lump-sum tax. The
dividend payment received from non-oil and import sectro are DIVno+ + DIV, = DIV;.
(1 — o) represents the probability that banks will default and the net wealth NW; will be
returned to households.

We assume that the total hours worked N, is defined by the following CES integration:

&€ E— 15 € E— & E/(E_l)
N = (i (Vo) V% + (1= ) Ve (Nwvo,) 70) T 3)

where Np; and Nyo: represent hours worked by the household at time ¢ in oil and non-
oil sectors respectively, and py the share of hours worked in the oil sector. Households
maximize their lifetime sum of discounted expected value of utility (1) subject to the budget
constraints (2). Given initial value, the representative household chooses {C’tH ,No N No,t}
to maximize its lifetime utility function. This is subject to capital accumulation equation
and the budget constraint. We assume that households do not make deposits to the private
bank and deposits in the economy comes from oil-exporting firms.

The first-order condition of this maximization problem is given by :

_ H\ %%
)\t - (Ct ) ) (4)
nil 1
1 N:-HJF € NO €
— € 7t 5
Wotr = My ) ( )
Amt
on il 1
1 Nt H' e N €
Y NO,t
wyoy = (1 —pn)e———">, (6)
Amt
_ Wo. _ WnNoy .
where wo; = B and wyo, = o represent the real wage in each sector and \; denotes

the budget multiplier associated with the budget constraint.

2.2 0Oil Firm

The oil firms are state-owned. To model oil production Yy ¢, we assume that oil firm operates
in perfect competition and uses labor Np;, capital Ko, and crude oil O;. The production
function is characterized by the following Cobb-Douglas technology:

Yo, = O Kgg_lNg?t, (7)

The international price of crude oil 5, is set in international oil market and is labeled in
US Dollar. If we define S; the exchange rate, we get the following FOC’s of the oil firm
maximization problem :



Y,
by = (1—10) spl o2t (8)

Koi-1’

Yo
wo; = (1—10) StpOteON (9)

ot

Yo,t
p = (1—70)s:ppH 00—~ 0 (10)

t

S

where wo,; = Vgg’:, PO+ = ?f t, Py = PO PiCt denote respectively the real wage in

oil sector, the 1nternat10nal real oil price, the domestic real oil price and the real exchange
rate.

To capture the banking liquidity generated by oil revenues, we assume that in our economy,
the oil firm deposits in its bank account its revenues net of the oil revenue tax 7o.

DY = (1—10) 5P, Yoy (11)
We also assume that the firm is state-owned.

Finally, we assume that the real oil price, the real exchange rate and crude oil follow an
exogenous stochastic process:

log (p6,) = (1= pp)log (50) + P log (D64-1) + Ep i (12)
log (Oy) = (1—po)log (O) + polog (O1—1) + €0, (13)
log(si) = (1= ps)log(3) + pslog (si-1) + ey, (14)

2.3 Non-oil firm

In the economy, there is a continuum of non-oil firms, which produces goods for domestic
consumption. We assume that the sector applies Cobb-Douglas production function :

Yvou (i) = K (1) N5 (0) (15)

The firm borrows new capital Kyo, from the bank, which will be used in the next period.
The non-oil firm’s dividend is given by :

DIVyo = PyoYno — rvoKno — wnoNyo,

Then, the first order conditions give the demand of capital and labor :

Yno, (9)

TJLVO,t = OéNomCNo,tm, (16)
Y, 7

WNot = 5NomCNo,tNo—’t(.)- (17)
Nnoy (1)



Wno.t
Pcy

return, the real Wége and the real marginal cost.

and meyor = &N?’t denote respectively the real capital

RL
L __ 'NOt _
where ryg , = o WNOE = =

The capital accumulation has the following dynamic :
Knor=Inyot+ (1 —6)Knos—1 + (B + Stp({,ty;,t +T+ (7}? —1)Do-1) (18)

where x,(B; + stpf;tYo,t + T + (rP — 1)Dp,_1) is the subsidy from government, which we
explain later in the government budget constraint.

We assume that the non-oil firm has the ability to adjust its price with probability (1 — ¢no).

1

This means that the price of the non-oil good remains unchanged for periods. The

1-¢no
optimal pricing condition is given by:
g o > (BONO)® Mt sMENO 445PX 0,445 YNO, 45
proy (1) = 91 = ; (19)
Eo Y~ (Bon0)" MasYNOt+sPR0 145
s=0
where pyotys = PI]DVCO—;“, and pnoy (1) = PN#’T) denote respectively the relative price and
the real optimized pfice for non-oil goods. 7
We rewrite the optimal pricing condition as follows :
~ J Vo
PNOt = T s (20)
¥ —1 V]%,Qt
where Vyo, and Vi, are two auxiliary variables:
Vio. = AYnoumeno o + BON0 B Vot (21)
and,
VJ%O,t = )\tYNO,tqu{/O,t + ﬁ(bNOEtVJ\ZIO,tH’ (22)

2.4 Import sector

In this section, we assume the existence of a continuum of intermediate importers, indexed by
i € (0,1), producing a composite imported good, Y7, using a differentiated good Y7, (). To
do so, each importer uses a homogeneous intermediate good produced abroad and imported
for the world price P} and invoiced in the dollars S;. Following Monacelli (2003), we assume
that intermediate importing firms behave as a monopolistic firm when setting home currency
price of imported goods Py (i) which is supposed to be sticky a la Calvo (1983) and Yun
(1996). Therefore, the importer faces, in each period, a constant probability, (1 — ¢;), of
changing its price as in Calvo (1983). Following Yun (1996), we assume that if importers
are not able to change their price, they index them to past inflation rate.

' [) _ I ' ]
Pro (i) = (T) Pros () = (Tyy )" Pros ()

B

7



where the parameter 7; measures the degree of indexation to past inflation. Importers that
are allowed to set prices maximize the following discounted sum of their expected profits:

o0

max F; Z (B@)s (ﬁl,t (@) Xis — St—&—sPt:.S> Y7i4s (@) ) (23)

Pri(i) o

subject to the following sequence of demand constraint :

~ CMArg
PI,t (2) Xis e

PI,t+s

Yiss (i) = ( Yiits. (24)

where
YTy y
X, = I g fors>1
s 1for s=0

and (1+ A7) denotes the time-varying markup of prices over marginal costs at intermediate
importer’s level. The latter is assumed to evolve according to:

In(1+ Ary) =In(1+ A7) +nre where 5~ N(0,03,) (25)

where 77, represents cost-push shock on import prices that reflects supply shock on im-
ported goods. The optimal pricing decision of intermediate importers is the result of this
maximization problem. That is,

o0

Ee > (Bor)" [ Pra (i) Xus = (L4 Ares) SevsPris| Yiers(i) = 0 (26)

s=0

Therefore, the optimal pricing condition is given by:

o0

E, Z (B¢I)S (1 + )\I,t+s) mCI,t+55/},t+s(i)
bre (i) = —=— : (27)
s X
Et S;O (6@51) }/I,t-i-s PC,t+st/PC,t
where pry (i) = %(:) is the relative optimal price of imports and mcr; = S;P}/Pc; is the

real marginal cost which is equal to the real exchange rate. The non-linear recursive form
of Eq (27) can be written as follow:

- Vi
_ Lt 2%
Dt ‘/]Q,t ) ( )

where V}, and V7, are two auxiliary variables that take the following form:
Vi = (L4 M) meYig + 860 B { Vi } (29)
17
Vlzt =Y+ BorEy 7 VI2t+1 : (30)
s Ht+1 s

8



where II;; = Pf’t - - and II; = Piii - represents the import price index (IPI) and consumer
price index (CPI) inflation rate, respectively.

Finally, given that all importing firms that adjust in period ¢ choose the same optimal price
pr,t, Whereas those that do not simply index prices to past inflation, the aggregate import

price index p;; evolves according to:

=Lt

- S 1
It—1 ’ ~ T
o1 1, Pri—1 + (1 —¢r) (Pre) (31)

Prt =

2.5 Final good producer

The final good producer uses the following CES technology that includes non-oil output,
Yno,, and imports, Y7 ;:

1 T—1 1 T—1 | 7—1
Zy = {X]TVOYN(T) +X7Yr " 1 ) (32)

The elasticity of substitution between non-oil output and imported goods 7 is strictly pos-
itive; the share of non-oil and imported goods in the final good xyo + x;7 = 1. The maxi-
mization problem solution yields the following demand functions :

P —T P —T
Yl,t = XI mEE Z;, and YNO,t = XNoO Vot Ly, (33)
I I
where Poy, Pry, Pyo are given. The zero profit condition implies the following final good
price :
Pey = [xiPry7 + xvoPyoy |7 (34)
2.6 Banks

To model the private bank, we follow Gertler and Karadi (2011) and Auray et al. (2018).
We assume that banks first choose the optimum total asset size, and then they choose to
invest in different assets : non-oil sector, oil sector, or government bonds. The balance sheet
satisfies :

Assety = Doy + NW; (35)

where Asset; is a portfolio that contains investment in oil sector, non oil sector, and gov-
ernment bonds.
The dynamic of net wealth NW; follows :

NWiy = op [r{i" Asset, — r{’ Do 4| (36)

where 745 is the real composite return of the portfolio Asset;_;, and r¢ is the real deposit

interest rate. From the last two equations, the dynamic of bank’s net wealth follows :
NWip1 =op [(rﬁffet — Tf)) Asset, + Tf)NVm (37)

9



The stochastic discount rate is f;¢+1 = SfUcu41/Ucy:

The banks’ optimization problem is :

Vi =E{Bii41[(1 —oB) Ney1 + 0V} (38)

The banks can divert a fraction « of its total assets, hence the incentive condition is :
Vi > aAsset;. (39)

This incentive condition is binding in equilibrium. The initial guess of the solution is :

V, = y25¢ Asset, + v NW,. (40)

and the incentive condition therefore simplified as :

¢tNWt Z Assett (41)

where
b =/ (a0 — ). (42)

is defined as the bank’s leverage ratio. We substitute the constraint in the guessed solution
gives V;, = (7{4556%,5 + %) NW;. Plug the expression into the value function of accumulation
of net worth V;,, we have

Vi = B (A N} (43)
= By { A [(rf5 — 1) Asset, + i NW,] } (44)

where
A — 1 — Asset 45
tir1 = Brir1 [ op+0pB (’Yt+1 G+ ’Yt+1)] . (45)

This allows to identify the arguments of the value function:

’yiASSEt = Et {At,t+1 (Té"_sfet — TtD)} and Yt = Et {At7t+17“g} (46)
We define ¢°, ¢ and ¢’ as the prices of investment in non-oil sector, oil sector and govern-
ment bonds, and ¢/**** as the price of the portfolio. The banks minimize the cost :
g5 Asset, = ¢V O Koy + ¢° Koy + qP B, (47)
_ 1/e (e=1)/e 1/e (e=1)/e 1/e p(e—1)/e e/(e—1)
Assett =\u (KNO,t) + Mg (Ko,t) + (1 —NB — ,u) Bt . (48)

In this equation, u is the steady-state relative weights of loans in non-oil sector in the
portfolio, and ¢ is the elasticity of substitution between assets. Given that real asset prices

10



are inversely related to their real expected rates of return, the optimal allocation of funds
that results from the banks choice is thus

ko, /T )
Kno:r = pE; { (%) }Assett, (49)
t
rk ./ :
Ko:r = npky { (%) }Assetta (50)
t

TB s :
By = (1—np—p) L { (%) } Assety, (51)
t

The real composite portfolio return is :

TLO e—1 Té e—1 TB e1 e—1

sse N 9 )

T? = uEt <7Tt 1t> —H?BEt (Wt tl) +<1_nB_M)Et{<7Ttt+1) } .
+ +

2.7 Public sector

In this section, we present the government’s budget constraint and the central bank’s mon-
etary policy rule.

2.7.1 Government budget constraint
The government’s budget constraint is given by:
(B, + stpitYo,t + T+ (r —=1)Doy—1](1 — x) = RyBy—1 + woNoy + poOs, (52)

where the left hand side represents the government’s revenue that includes bonds B, receipts
from selling oil stpitYO,t, lump-sum taxes 1" and the real return on deposits (r{j - 1) Do i—.
The right hand side represents the government spending that include payment both wages
wo,+No, and the extraction cost po,O; and the burden debt R;B; ;. x; is the proportion
of government revenue invested in the lending to non-oil sector. For simplicity, we assume
that in steady state x; = 0.

2.7.2 Conventional and unconventional Monetary policy

The central bank adjusts the short-term nominal interest rate, r;, in response to fluctuation
in CPI inflation, m;, and the output gap according to the following Taylor-type monetary
policy rule :

Iy (rH)PR Y \" (m)n 1"’Re )
— = — — X
T T Yi.) \& Pent

where 7,and Tare the steady state values of ry,and m,. The policy coefficient, r, and 7,
measuring central bank response to deviation of Y;, and 7; from their last period and steady
state levels respectively.

11



We consider here an unconventional monetary policy rule where the QF; represents the
quantitative easing in which the Central Bank facilitates access to liquidity to increase the
financing of the non-oil sector. It is assumed to be exogeneous and to follow an autoregressive
process. That is,

log(QE:) = (1 — pge)log(QE) + por log(QE:—1) + cqp, - (53)

where QFE > 0 is the steady-state values of QE};, pgr is the autoregressive coefficient and
€Qr, 1s the uncorrelated and normally distributed innovations with zero mean and
standard deviation ogg, .

3 Calibration

In what follows, we calibrate the model using the standard values of the structural param-
eters related to the business cycle literature, the steady state values of our key variables
and the Algerian data®?. We choose Algeria for two main reasons. First, the ratios of oil
exports to total exports (more than 95%) and oil exports to GDP (about 20%) clearly show
the structural fragility of the Algerian economy which is particularly vulnerable to oil price
fluctuations. Second, as a result, monetary policy in Algeria is largely dependent on the oil
revenues.

Table 1 lists the values of the following 27 parameters of our baseline model.

[Br, 05, 0%, 08, i, €,00, Bos 00,70, ANO, BNO, PP Por 0 ONO D, OL X1, XNOs Ty O s B, PR Ty T |
The subjective discount factor S is set at 0.99 which implies an annual steady-state interest
rate of about 4.04%. The inverse of the elasticity of the intertemporal substitution of labor
of is set at 10. From the steady state calculation, the value of the inverse of elasticity of
intertemporal substitution of consumption o, = 10.09707 and the fraction of total asset «
= 0.0138. The capital depreciation rate is set at 6 = 0.025 and the share of capital, o and
ayo; used as an input in the production of oil and non-oil sectors respectively, are set at
0.3. The share of labor in the oil sector uy, it is set at 0.13, meaning that 13% of total
employment is in the oil sector. According to the Algerian statistics office, the share of
employment in the industry sector is about 13% of total employment ® The share of crude
oil in the oil production is 6p =1 — Bo — ap.

Following the literature on nominal rigidities, we set the parameters denoting the degree of
monopoly power in the intermediate good market, 1, equal to 8. Then, the steady-state price
markup is equal to 14%. Also, the price elasticity of demand for imported and non-oil goods,
T, is set at 0.8. The share of imports, x; and non-oil goods, xyo, according to steady-state
calculation, are calibrated to 0.65 and 0.35 respectively. These values are chosen given the

2The data on the Algerian economy comes from the Bank of Algeria, the Ministry of Finance and the
IMF database.
3see https://www.ons.dz/IMG /pdf/emploichommai2019.pdf
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Table 1: Calibration of structural parameters

Description Parameters Values
Structural Parameters
Subject discount factor 15} 0.99
The inverse of the elasticity of intertemporal substitution of consumption o¥%; 10.09707
The inverse of the Frish wage elasticity of labour supply o 10
Probability of bank’s default (1—-o0p) (1-0.972)
Share of hours worked in the oil sector. N 0.13
The depreciation rate of capital. ) 0.025
Elasticity of substitution between assets. € 4
Share of crude oil in the oil firm’s production ao 0.5
Share of capital in the oil firm’s production Bo 0.3
Share of labor in the oil firm’s production 6o 0.2
Oil income tax rate. TO 0.3
Share of capital in the non-oil firm’s production aNo 0.3
Share of labor in the non-oil firm’s production Bno 0.7
Calvo price parameter in the non-oil sector ®NO 0.75
Calvo price parameter in the import sector o1 0.75
The degree of monopoly power in the intermediate good market Y 8
The share of imported goods in the final good. XTI 0.35
The share of non-oil goods in the final good. XNO 0.65
Elasticity of substitution between non-oil output and imported goods T 0.8
The fraction of total asset diverted by the representative bank. « 0.0138
Weight of loans in non-oil sector " 0.4
Weight of loans in oil sector nB 0.5
Autocorrelation parameter : discount rate PR 0.1
Autocorrelation parameter : international oil price pr, 0.75
Autocorrelation parameter : crude oil Po 0.75
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value of the average ratio of both imports and non-oil goods production to GDP of Algerian
economy?.

The tax on oil income 7o (or the tax on hydrocarbon income) is set at 0.3, representing a
value of 30% of oil income, which corresponds to the average of this tax in Algeria®.
Regarding the financial parameters, we set the value of the parameter measuring the default
risk op at 0.972 as in Gertler and Karadi (2011). This implies that the bank survives, on
average, 9 years with an annual risk of default of about 11%. The elasticity of substitution
between assets ¢, is calibrated at 4. The parameters p and np denote the share of loans in
oil and non-oil sectors in Algeria. According to the Bank of Algeria quarterly statistics®,
the loans to both private and public sectors is about 50% for each of them. Then, the value
of u is set at 0.4 to exclude the public sector and ng at 0.5. We assume in our model that
public debt is fully held by the banking sector. This value is then equal to 10%.

As in the standard literature of DSGE models, we set the parameter of Calvo price setting
equal to 0.75. This value is the same across sectors (import, ¢, and non-oil sectors, ¢no),
this means that, on average, price adjustment occurs every 4 quarters.

Finally, we set standard values for the autoregressive parameters and standard deviations
for both TFP shocks such as PPy, Pz and p,, = 0.75 and Ops, 0z and o, = 0.01.

4 Simulations

We first simulate a negative shock on oil price, which represents the potential declining
demand for oil in the rest of the world (demand shock). Then we give a positive shock on
the price of imported goods, which represents the contraction of supply of imported goods,
due to the rise of transportation costs (supply shock).

4.1 Oil price shock and policy instruments

From historical oil prices, the average annual growth of oil price is around 10%, so the
quarterly growth rate is around 2.5%. In our counterfactural experiment, we give a negative
shock of -2.5% on oil price, consistent to the scale of historical average. As the ecological
transition is a structural change in the world economy, therefore, we try to give a persistent
negative oil price shock in the model with inertia coefficient set to 0.9. Figure 1 shows the
results.

The black solid curve represents IRFs to -2.5% oil price shock. With the potential shrinking
demand of oil products from the rest of the world, represented by a fall of oil price in our
simulation, the production of oil sector falls, and oil sector makes less profits. As a result,
the deposits to private banks decline and there is less credit in the private market and all the

4Since the Algerian economy exports an insignificant fraction of non-oil goods, the average ratio of total

non-oil production to GDP could be approximated by the value of the domestic production.
Ssee https://pwealgerie.pwe.fr/fr/files/pdf/2020/01 /fr-algerie-pwe-loi-hydrocarbure-2020.pdf
bsee https://www.bank-of-algeria.dz/pdf/Bulletin_49f.pdf

14



interest rates rise. As the cost of capital becomes more expensive, price of the final goods
rises. Therefore, inflation rate rises above steady state in short run.

The non-oil sector prospers as it becomes relatively more profitable compared to the oil
sector as banks lend more credit to the non-oil sector. Intuitively, when oil price falls, the
imports become less expensive due to the falling transport costs. In our model, the import
sector does not depend on oil price, but it captures the dynamics that the economy imports
more as oil price declines. In the present model, this effect comes from the complementarity
of non-oil goods and imported goods.

The production of imported goods Y7, increases, supply effect becomes dominant thus price
Py falls. If we integrate the impact of oil price in the imports sector, this effect would
be even stronger. Production in non-oil sector and imports rise which is explained in the
previous paragraph. In medium and long run, inflation rate falls below the steady state
level, due to the rising supply of final goods.

The blue dashed curve represents the scenario in which there is -2.5% oil price shock followed
by the Central Bank reducing its key interest rate by 1%. The domestic production Y; is
measured by the sum of production in oil and non-oil sector : Y; = PoYor + PnoYNo-
The effects are standard : interest rates fall and more credit enter the private market. As a
result, production in both oil and non-oil sectors rise. However, effects from this conventional
monetary policy are not very efficient. The blue dashed curves are almost the same as the
black solid curves except for the interest rates. In other words, the effects of oil exports on
bank’s liquidity and credit in the market are much greater than Central Bank’s adjustment
on the standard interest rate.

So far, we showed that Central Bank’s conventional monetary policy loses its efficiency in
front of oil price shocks. However, there also exists an alternative strategy : turn the arrow
from outward to inward, i.e. from being dependent on the demand of external world to
be independent and develop its own domestic economy - the non-oil sector. Concretely, it
means that the government of oil-exporting countries could use a part of its revenue, to
invest in the development of its domestic non-oil sector, especially the green/non-polluting
manufacturing production under today’s world economic background, or the service sector.

This part of intervention goes directly to the firms’ capital. Under the context of fiscal
intervention, in our model, government budget constraint becomes :

(B, + Stpityo,t +T + (TtD —1)Do+-1](1 —xt) = RyBi—1 + wotNot + po+Ox, (54)

where z; is the proportion of government revenue injected directly to the non-oil sector.
For the non-oil firms, their production function becomes:

Yo, (i) = [A(ch%ot (4) fo%?t () (55)
where
Know = Knoy + [ By + Stpf:,tyo,t + T+ (rf — 1)Do 4], (56)
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the capital factor in non-oil firm’s production function equals to loans from private banks,
plus the injection of money from government.

The red dashed curve represents the scenario with negative oil price shocks and fiscal sub-
vention to the domestic non-oil sector. The fiscal subsidy in our model, is captured by the
fact that government inject 10% of its revenue from oil exports and pay-roll taxes, to the
non-oil firms. Our simulation shows that effects from fiscal subsidy to domestic non-oil firms
are the most efficient to cope with negative oil price shocks, i.e. negative demand shocks
from the external world. The consumption falls in this scenario as there is less transfer
from the government to households (via oil sector, see the government’s budget constraint)
because a part of government revenue is used to finance non-oil firms. The results show
that, facing oil price shocks, subsidy to domestic non-oil firms turn the domestic economy
more stable and solid in front of external shocks, as non-oil sector is supported and get more
credit from the government, naturally the lending interest rate to non-oil sector falls. As
the private bank arbitrates among different assets, interest rate for the lending to oil-sector
and interest rate of government bonds fall as well. The effects are much stronger compared
to the effects of conventional monetary policy (the blue dashed curve). The yellow dashed
curve does not seem to give different results compared with other instruments, notably fiscal
policy, which consists of subsidizing part of the non-oil sector’s investments. The difference
between these two instruments is that the unconventional monetary policy we present in
this model is equivalent to a monetary injection, which consists of increasing loans to the
non-oil sector via the banking sector.
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Figure 1: -2.5% oil price shock with different instruments
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4.2 Negative shocks on imports due to increased costs (supply
shock)

In this sector, we analyze the impacts of supply shock on imported goods. Recently, as the
supply chains in international trade are highly impacted by the pandemic crisis, countries
face a potential challenge of rising costs of imported goods. In our model, this is captured
by a cost-push shock that rises of price of imported goods. We use the European import
price index from April to November 2021 as proxies for the changes of imported good price,
which is around 4% in a quarterly basis. Figure 2 shows the results. The black solid curve
represents the scenario in which there is a negative supply shock on imported goods, captured
by a rise of imported goods price by +4% in our simulation.

In Figure 2, we see that the impacts from oil price shocks are much greater than the impacts
from import price shocks (supply shock). It is illustrated by the fact that in our simulation,
the red and blue dashed curves are almost identical. In other words, when there are demand
and supply shocks, the demand shock is dominant. It means that for the oil-exporting
economies, the potential risk from the shrinking demand of oil products will be a more
important challenge than the shrinking supply chain, although both are essentiel issues.

Under the negative supply shock on imported goods, the import sector in domestic country
falls essentially, which impacts the non-oil sector. As the return from non-oil sector declines,
private bank tends to lend more credit to the oil sector, and the production of oil sector
rises compared to the non-oil sector.

We then simulate the effects of conventional monetary policies and fiscal subsidies facing a
rise import price. Figure 3 shows the results. The black solid curve represents the scenario
in which we have +4% shock on the price of imported goods, i.e. the negative supply
shock that pushes up the price of imported goods. The red dashed curve represents the
scenario in which we have both negative supply shock and fiscal subsidy that supports the
domestic non-oil sector. The blue dashed curve represents the scenario in which we have both
negative supply shock and the conventional monetary policy from the Central Bank. Just
like in the previous sector, fiscal subsidy that supports the non-oil sector is more efficient to
reduce interest rates and stimulate production in the economy. Given that the adjustment
of interest rate from the CB cannot be inferior to zero and the interest rates in most oil-
exporting economies are at their historical low level, fiscal subsidy is an efficient alternative
of conventional monetary policies.
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Figure 2: +4% import price shock and -2.5% oil price shock

An essential message from this exercise is that the impact of demand shock is more important
for the oil-exporting economies and the development of non-oil sector that balances its
economic structure can not only mitigate shocks from the decline of oil price, but also
makes the economy more solid/stable facing negative supply shocks and helps the economy
to be more independent in its production structure. The development of its non-oil sector
also means that makes the production of domestic goods less dependent on imports. Once
this aspect is balanced, the economy will become more stable in front of external shocks.
After a negative shock to the price of imported goods, the dashed yellow curve shows rather
interesting results to produce non-oil goods and overall consumption. Domestic production
also increases, as non-oil production rises while oil production remains unchanged. These
results are due to the fact that an additional injection of money to help the non-oil sector via
the banking sector generates an increase in investment in the non-oil sector through lower
interest rates and then an increase in the capital lent to non-oil firms. The QE instrument
can thus be used to stimulate production in the non-oil sector, thereby contributing to the
effort to diversify the economy by encouraging production in this sector.
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Figure 3: +4% import price shock with different instruments

5 Welfare Analysis

In this section, we analyse the welfare effect of demand and supply shocks. To do so, we
simulates two scenarios : the response of our economy to fiscal and monetary policies in the
case of 1) a demand shock and 2) a supply shock. This will allow us to assess the effectiveness
of our fiscal and monetary instruments in both cases. The following table shows the welfare
effects from different shocks compared to the baseline scenario, in which we give a +1pp
shock on the productivity of non-oil sector. The table shows the percentage deviation from
baseline scenario.

From Table 5, we find that the welfare effects from supply shock is relatively marginal
compared to the effects from oil price shocks. Interestingly, fiscal subsidy has a much more
positive welfare effects in the scenario of demand shocks and negative welfare effects in the
scenario of supply shocks. Conventional monetary policy has negative effects in the scenario
of oil price shocks but positive welfare effects in the scenario of supply shocks.

19



Demand shock

OS (-2.5% oil price shock) OS fiscal OS_MP
—3.34% —1.8% —3.07%
Supply shock

PF (+4% import price shock) PF fiscal PF_MP
-0.15% -2.66% 0.018%

6 Conclusion

In this paper we analyzed the role that monetary and fiscal policies can play in stabilizing an
oil exporting economy but also in boosting the non-oil sector to ensure the diversification.
By establishing a DSGE model, we find that conventional monetary policy loses its efficiency
facing negative oil price shocks. In other words, the effects of oil exports on bank’s liquidity
and credit in the market are much greater than Central Bank’s adjustment on the standard
interest rate. However, by supporting the non-oil sector, fiscal policy is efficient to reduce
the contraction risk for oil-exporting economies.

On the other hand, due to the recent pandemic situation and environmental policies, in-
ternational trade is highly impacted due to increasing import/transportation cost. In our
simulation, facing negative import shocks due to increasing cost, fiscal subsidy and money
supply (quantitative money) to non-oil sector are more efficient to reduce the negative im-
pacts of rising import costs. For the oil-exporting economies, developing its own non-oil
sector and establishing a balanced economic structure between oil and non-oil sector seems
to be a promising strategy for the coming years. Finally, it worth noting that, in addition to

stabilization and recovery policies, structural reforms are needed to improve the business cli-
mate and develop non-oil sectors to ensure sustainable diversification, so that oil-producing
countries do not suffer the negative consequences of variations in international prices (mainly
imports goods and oil prices).
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Appendix

A Equilibrium conditions

Households :
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log (Pat) =
log (Oy) =
log (S) =

Importer :

Pry =
DIV, =

Final good producer :

Private banks :
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Governement and central bank :
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B Derivatives

B.1 Households

The function value, V;, of the representative household is:
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B.2 Oil Firm

The maximization problem of the oil producer can be written as follow :

max _ [(1—70) SiPp Yo — WouNoy — R Koy — PPOy /Py
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The first order conditions are :
- differentiation with respect to Ko, yields:
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- differentiation with respect to No, yields:
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- differentiation with respect to O, yields:
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B.3 Non-0il Firm

The maximization problem of the non oil producers can be written as follow:
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where Ayo, denotes the lagrangian multiplier which can be defined as the nominal marginal
cost, MCno., of the non-oil firm.
- differentiation with respect to Ko, yields :
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B.4 Price setting

The non-oil firms’ maximization problem can be written as following :

max B > [(Bén0)° An0,+s DIVio 145(1)/ Pogss), (103)

Kno0,:(1),Nno,t(1),PNo,t (i 'o—0

subject to the production function and the demand function :
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where Dyo ++5(4) is the profit function:

Dosts(i) = (Pvou (1) Ywoss (1) = RopKnoss (1) = WioesNnoass (1)) / P

where 3°\;1s the producer’s discount factor and Ayo +4s the marginal utility of consumption
in period ¢ + s.
The optimal pricing condition is given by :

_ _ ~ —9
- . P i) (P i P i
max F; Z (Béno) ANotts | 5 @) (Lot () Yno,t+s — MCNot+s o () Yno,t+s
Pyos(i) 2o Pnojiys \ Pnoits Pnotys

o0

ﬁma}(c')Et Z (BCbNO)S /\NO,H—S [P]?/B}HSPNO,t (i)li19 YNO,t+s - MCNO,t+sP1130,t+sPNO,t (i)iﬂ YNO,H-S] )
NO,t\ s=0

[e.o]

E Y (Béno) Anotss [(1 — ) PotssProg (1) Ynours + IMCno s Poo s Prog (1) 777 YNO,H—S} =0,
s=0

o

0 = E Y (Bono)* Avoyrs (1 =) PughssPros (i)™ Ynoss
=0

S

+E > (Béno)’ AN0,tsIMCNG 115 Pho sy s Pros (1) Yvoers,
5=0

[e.9]

YE, > (Bono)® A0+ MCNO 115 Pio i s Pros (1) Yio s

s=0
oo

= (W-1)E > (Béno) AN0,t4sPao s Prow (1) Yo ees,

s=0
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o0

YE; > (BON0)* AN0a+sMCONO+sPro 14 YNO 45

5=0
= (W-1)E > (Béno) ANO 45 Py s PNoe (1) YNo tts,
s=0

we get finally:

9 Eo Y (Bon0)" ANO44sMENO 14PN 0 145 YNO, 145
s = (527)

s=0
0 , (106)
s 9
EO Z (ﬁ¢N0) )\NO,t+sYNO,t+spNo7t+s
s=0
_ Prnogr _ MCno,tts ~ N Pno.(i) :
where pyot+s = T;’mCNO,t—f—s = Tﬁé,and Pros (i) = e, are respectively the

relative price of non-oil goods, the real marginal cost in non-oil sector and the real optimized
price for non-oil goods.
The methodology is the same for the import sector.

C Banks

The private bank optimisation problem is solved using the following equations :

V; = ¢ Assety + v Ny (107)

and :
¢tNt Z Assett (108)

where the laverage ratio ¢ = v/ (o — 7). Substituting the binding constraint (41) in (135)
yields :

Vi = %Ny + 7Ny,
Vi = (%o + ) N (109)

Plugging the expression into the value function of accumulation of net worth N,,;, we have

‘/t = Et {At,tJrthJrl} (110)
= Et {At7t+1O'B [(R?_,'_l - Rg) Assett + R?Nt]} (]_1]_)

where Ay 11 = Brisa [1 —og+op (%?Hgbtﬂ + %+1)}~ This allows to identify the arguments
of the value function:

vy = E; {At,t+1UB (R?H - Rf)} and v, = E; {At,tJrlUBRw(fi}

The FOC of the private bank are determined as follows :
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Given the CES integration of different assets (equation (48)), the cost minimization of asset

(equation (47)) gives the following equations :

rk ’
Knor = ,uEt{<%> }Assett, (112)
t
rl, T )
Koi = UBEt{<:TS:r Assety, (113)
t

b £
B, = (1——ng—pu)E, { (T;QZ;;) }Assett, (114)
0

That different assets provide identical contingent dividend D; = 1 to shareholders. This is a

strong assumption. However, it is not surprising to assume that the dividend is contingent

and exogenous as in 7. By having this assumption, the price of each asset is directly linked

to the asset’s interest rate. From the bond valuation theory, we have

O NWy

on
,yzélsset
Yt

Ap i1

Asset
Ty

D,
Po= 115
D
b t
= S5 7 116
qt R(f:t -1 ( )
Dy
g = (117)
' RE, —1
(118)
Assety, (119)
(120)
el (@ =7, (121)
Ei{ A (rf3 —11) } s (122)
E; {At,t+17"tD} ) (123)
Brarr [1— o+ 05 (VAT b +141)] (124)

e—1 e—1 -1 e—1
rL rL b\ €
no,t o,t t
> ( ) + npEy ( ) +(1—773—M)Et{( ) }( 25)
Tt41 Tt41 Tt4+1

From the binding condition equation (41), we get the equation that determines the asset :

DO,t - (¢t - ].) NWt, (126)
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From ( ), () and (), we obtain :

Asset, = Do+ NW, (127)
Do, = Assety — NW,, (128)
Using this result in :
NW,, = op [rﬁffetAssett — rf)DQt] , (129)
NWir = op [rf5i Asset, — r] (Asset, — NWy)] (130)
NW,1 = op [rﬁ’fetAssett — T?Assett + rf)NWt] , (131)
NW,, = op [(rﬁf‘fet — 7“?) Asset; + T,PNWJ , (132)

This result represents the dynamic of bank’s net worth. Combining it with the binding
condition equation :

¢tNWt = ASS@tt (133)

we get :

NWt+1 = 0B [(Tﬁflset — TtD) ¢t +’I"tD} NWta (134)

From (), () and (), we get the leverage ratio equation :

aAsset, = "5 Asset, + v NW,. (135)

QB NW, = A%5h, NW, + 5 NW,. (136)

ap NW, = ('yfs‘“td)t + ’yt) NW,. (137)

apg, = G+, (138)
(=) by = (139)
¢ = T (140)

(@ =)

Equation () and (), we determine ~ and =, :

‘/t:

As explained in the private bank section, plugging this expression into the value function of
accumulation of net worth Ny, we get :

Vi = E{Ai i NWi} (141)

(V5 gy + 1) NWy = B {A 1 NWigr} (142)
(5, + 1) NW, = By {Ayyss NWips } (143)
= E{Aun [(TtAfiget —r§) Asset, + r{NW,] } (144)
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where
A1 = Brata [1 —0B+0B (’Vﬁfet(?tﬂ + ’Vt+1)} . (145)

This allows to identify the arguments of the value function:

yAsset — F, {At’tﬂ (rfffd — rtD)} and v, = F; {At,t+1rf} (146)

D Analytical steady-state

The steady state is calculated in three steps: - the calibration of the structural parame-
ters - assignment of historical values to the variables [, 7§ %o, p¢, R, 7| 7 - solving the
equilibrium system analytically.

First, we normalize Nyo to 1. Thus, we can solve analytically our system of equations as

follows :
From (10) :
Y,
©° = (1-10) SpéOZOUO,
p°0 = (1—10)sphaoYo,
o)
p“ O
V)= —— — 147
o (1 — 7‘0) Oé()7 ( )
From (8)
Y,
ro = (1- TO)SpéﬂoK—(;,
Y,
Ko = (1- TO)BOT_S: (148)
6]
From (7)
Yo = O“K°NY,
Yo %o
No, = (an—KgO> , (149)
From (9)
Y,
wo = (1= 10) eoN—Z, (150)

7See section calibration for more details.
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From (11)
D% = (1—15)Yo. (151)
From (2.6)

1

pAsset — (,ur (ﬁo)efl + B (Tf)gfl + (1 —np—p) (Tb)8_1> o (152)

Then, we can rewrite the net worth, NW, equation from (37 ) and (41) :

OB [(rAsset—rD) ngW—l—TDNW} , = NW,
o5 ((TAsset _ TD) b+ T,D) NW, = NW,
op ((,r,Asset _ TD) é + TD) R
oB (rAsset — T’D) b6+opr?, = 1,
o (TAsset _ T,D) b = 1—oprP,
6 — 1—oprP (153)

Combining (35) and (41), we get :

Do
NW = : 154
%D o
From (41) :
Asset = ¢NW, (155)
From (7?),(51 ) and (15) :
rEo\°
Kno = (TAZ;’et) Asset, (156)
o\ °
B = (1—-ng—np) (rAsset) Asset, (157)
Yo = KR PNy, (158)
From (16) :
T’L = OanomcyNo YNO
L
ryofno
mc = — 159
o anoYno (159)



From (17)

From (4) and (5), we get:

L (V) NG

- (1-—
159% wo ( MN) WNo

—1 —1

1 No= 1 Nyo =

0 o (1—pn)= oo
-1
1 NO : 1 Wo
- (1= :

From (3) :

From (5) and (9) :

1
1 NOhte N © Y,

. 0O f O
It = (1 —70)spobo——,
N AH ( ) O NO

1
1 NomtenS et
An = Py 2

From (20):

Knowing that from (21) and (22) :

Vio
(1= Bono) Vao

1
Vo

and,

(1 — TO) Spég()YO’

~ 0 Vi
pNO_ﬁ-lV]%O’

9 1
AvoYnomenoDPyo + BonoVyos
9
= AnoYnomenoPnos
9
AnvoYNomenoPyo

(1-Bono)
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(162)
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Vio = AnoYnoPho + BonoVio-
(1_6¢N0)V1\210 = )\NOYNOP?VO.

ANoYNOPXO
vz o= Y AUPNO 165
No (1 - Bono) 1o
we get :
AvoYnomenorko
- _ Y (1—6dn0)
pno Y —1 AvoYwnorko
(1-Bono)
N B U AvoYnomenopXo
Pno = 9
v—1 AyoYnobPyo
_ v
PNO = ﬁmCNOa (166)
At the steady state level, pyo = pyo
From (52) :
RB oIV, @]
T — + woNo + po —B—SpéYo—(TD—l)DO, (167)
(1—w=)
From (2.3) :

DIVyo = PnoYno — rvoKno — wnoNyo,

Combining (45) and (146) we find 7%, v, and A. Thus, we solve a system of three equations
and three unknowns variables. This gives us :

v = Aop (R“ — Rd)
v = AopR®
AN = Bll—op+op(¥*0+7)]

Combining the two first equations with the third, we get A:

A = B[l—ag—l—ag(AaB(R“
A = pB—pop+ Pop (AUB (Ra

6(1—0’3)
(1—ﬂUB(O'B<Ra—Rd)¢+UBRd))’

Rd) ¢ + AO’BRd)] )
RY) ¢+ AopR’),

(168)

Replacing the last result in the two first equations, we find the values of 4v* and ~:
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@ = B —op) o
T (1_5UB(UB(R“—Rd)¢+UBRd>)UB(R R),

= 5(1—03) J
V= G Poulon (B —RY 6+ oak) "

Then :
¢ = v/(a=17")
¢la—=7") = v
a = 7/¢+7",
The importer’s real marginal cost is :
mec; = s,
From (28) :
-9V
br= 9—1 ‘/127

From (29) and (30) :

Vi = A Yimerpy + BorVE,

(1_69251)‘/[1 == )\IYﬂnpr’;7
yio AYimemy
1

(1= B¢r)

and,

VE = A\YpY 4 BoVE.

(1= Bor) V2 = AYipl.
e MY
2 _

(1= Bor)

we get :

ArYymerp?
~ Y Tad
br v —1 MY}

(1-Bér)
_ v )\Iijc[p?
pI N '19— 1 )\IY}qu?
0,

pr = mmcl,
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(171)
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(174)



At the steady state level :p; = py

From (33) :

Yvo = xno(pno) " Z,

Y,
7 = — Yno (175)

xvo (pvo) "
Also, from (33) :

Yi=xi1(pr)" Z,
The importer’s dividend is given by :
DIV = (pr — s) Y1,
and then the totzl dividend :
DIV = DIVyo + DIV7,
Finally, from (2) :

CtH:woNO+wNoNNo—|—(1—UB)NW+DIV—T,
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