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1 Introduction

The recent oil price fluctuation has created concerns fomtijerity of oil-exporting countries and
particularly for OPEC members. For Gulf countries, hydrboa exports represent more than half
of total exports (Figurd). Oil revenues account for 80 percent of total fiscal revenae average,
and about 20 percent of GDP (FigwZe In addition, the projection prices for oil fall below fidca
breakeven prices, in the medium-term for most countriegui€3). In many of oil-exporting
countries, the financial sector has grown fairly large, agno-financial linkages can exacerbate
oil price shocks (Figurd). The high volatility of oil prices could build systemic finaial sector
vulnerabilities, which in turn could adversely affect tlealreconomy.

This study examines the relationship between macroecanaggregates, the financial sector,
and the channels through which the business cycle and thecfalaycle in oil economies inter-
act. Unlike the growing body of literature assessing theati¥eness of policies and their under-
pinning theoretical models after the global crisis, theuseetween financial and oil price shocks
has not been as fully explored. Most research in busineds apstracts either from the role of
commodities altogether or underestimates the role of ttanéial sector in commodity-exporting
economies in accelerating the propagation of commoditglshoConsequently, practitioners are
left with limited knowledge on the macro-financial linkagesthese economies.

Oil price fluctuations have a major impact on the public firemnof developing, oil-exporting
countries. The budget structure, the inability to smoothnsiing due to a lack of pertinent fi-
nancial instruments, and limited access to credit markatgned with political and institutional
constraints force governments to conduct procyclical figokcies (see for examplelurphy et al.
(2010 andErbil (2011), when facing an oil shock. Moreover, in most oil-dependmuntries
government investment expenditure and current spending don-oil GDP growth (Figure§
and6). As a result, oil price fluctuation determines the busing&de in the absence of a well-
diversified economy.

The structural model in this paper proposes a micro-fouricedework that incorporates an
active banking sector, including an interbank market, mi0oSGE model with an oil-producing

sector. Although there is an oil revenue windfall, the ecopos modeled as an autarky and it
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abstracts from exchange rate regimes. In addition to othditional sectors in the real economy,
the model includes a national oil fund collecting a shareibfevenue and a fiscal regime that
depends on this fund in addition to oil revenues. This sgiiows us to analyze the role of fiscal
policy in transmission of the oil price volatility to the ezamy, as discussed irezhibayeva et al.
(2009, Arezki and Ismai(2013 andPieschacoi(2012). The fiscal policy is guided by the public
policy objective to increase capital expenditure, houkkmzomes by transfers, and subsidies to
firms as a means of sharing the oil revenue as suggestectimingui and Ro€008. The resultis

a highly procyclical fiscal regime in line with previous stesl (Tazhibayeva et a(2008, Murphy

et al.(2010). The national development fund acts as a saving fund botasd a stabilization fund
to hedge against the liquidity risk in the banking system.capture government involvement in
state-owned enterprises (SOEs), we assumed that the gometiprovides productive capital to
intermediate goods producers.

Although the government fiscal regime remains a major playéne transmission of shocks,
banks in this model are key agents in spreading shocks aseotsr's of the economy. Banks give
commercial loans to firms that produce goods, purchase gowrt bonds, and finance their oper-
ation partly by borrowing through the interbank market frdeposit collector banks and partly by
the national development fund, which acts as a stabilizee. dhdogenous interbank rate depends
on the supply of deposits, which in turn is reliant upon goweent transfer to households. Also,
banks are key in determining government bond rates ancestteates on loans to good-producing
firms, thereby linking the real business cycle to the findrayiele.

Oil price shocks can affect the financial sector through iplelchannels. First, with lower rev-
enues, the government must adjust its capital expendiftre.government usually holds a large
stake in SOEs and entities in a variety of sectors, and mathesé SOEs remain dependent on the
government’s financial support through subsidies and teansTherefore, lower oil revenues and
government spending reflects in the economic activities@ES which in turn contract out big
projects to private sector companies. As government invest falls, many of these subcontracts
to private firms will halt, and many investment projects Vdil. Therefore, banks’ nonperform-

ing loans (NPLs) can increase not only as a result of direpbgure to SOEs but also because



of the private sector’s failing projects. Higher NPLs dimimthe credit availability in an econ-
omy, particularly to the private sector where access to ieas often a challenge in oil-exporting
countries.

Second, governments remain the main employer in develppilhgxporting countries. As oll
revenues drop, efforts to contain the public wage bill iases resulting in declines in household
disposable income, consumption, and, importantly, bargosiés. Higher households’ financial
fragility and the possibility of falling into arrears rasaonperforming loans, making credit less
available to borrowers who are dependent on bank financinig.development also affects banks’
ability to make new loans. Moreover, deposit volatility reaKiquidity management difficult and
costlier for banks, requiring them to borrow from the cenhbank (in absence of a developed
interbank market) at a premium rate (seeoudhary and Limodi¢2017). Accordingly, because
of the liquidity risk, the cost of supplying longer-term téng heightens.

Third, with a lower non-oil GDP growth rate due to an oil shoitle stock markets and hous-
ing market would stagnate. Because banks are highly expodkdse markets, higher credit risks
emerge, which eventually feeds back into the real econoryieads to a lower credit to econ-
omy (Arouri et al. (2010, Fayyad and Daly2011). Other channels, such as lower international
reserves accumulation and capital outflow, remain impomntetine long run.

For the sake of simplicity, not all of the aforementionedrutiels are modelled as just described.
Nevertheless, several results prevail. First, the govemmole’s in the propagation of shocks re-
mains crucial. A positive oil shock boosts fiscal revenues amlarges the fiscal space, which
lets the government expand the social transfer to housglasid increase public capital expen-
diture. Wealthier households consume more, but their behawn labor allocation also changes.
Additionally, higher public investment raises non-oil put, which should result in a higher fiscal
multiplier.

Second, due to complementarities between the oil and riaectors in the model, the labor
market becomes an important driver of shocks’ diffusion.cd&ese of fixed labor supply in the
economy, this channel becomes important essentially Boptlhsector technology shock and the

oil price shock. However, this hypothesis dampens the simaplacts on consumption and GDP



and prevents the wage and prices from acting as automabdiztas to avoid large swings of
production factors between sectors.

Finally, while banks do not have important roles in spregdime shocks, they have a criti-
cal role in amplifying them. This is because the oil sectaras directly exposed to the banking
sector, the non-oil companies are not credit constrained tlkee model abstracts from any credit
default. However, the heterogenous banking system, imdudeposit and lending banks, differ-
entiate various market interest rates between houselggeisynment, non-oil firms, the national
development fund, and the central bank.

The rest of the paper is organized as follows. Se@ispells out a stylized but large-scale small
open economy DSGE model of an oil-exporter with eight typag#nts including explicit macro-
financial links and demonstrate some of the channels that discussed above. In secti@n
discusses the calibration of structural and policy paranseaif the model based on Iran’s economy
and the impact of an oil price shock on macroeconomic agtgegmd financial sector variables.
Also, we study the impact of monetary shock under an inflattargeting regime. Finally, we

offer some concluding remarks.

2 Model

In this section, we develop a DSGE model for a perfectly cditipe small open economy con-

sisting of a real private sector, a financial sector, a ceb@ak, and a government. The real
sector includes households, non-financial good produceystal producers, intermediate good
producers, and an oil sector. Additionally, a portion ofeiport proceeds is saved in a national
development fund, which intervenes in the financial marigdroviding funds to the lending bank.

The representative household consumes the final good so&tdilers and supplies labor to inter-
mediate good producers. The household also deposits hegsan the deposit bank and is the
ultimate beneficiary of both financial and non-financial firnhstermediate goods producers are
monopolistically competitive and use private and publipitz to produce goods. Retailers buy

goods from final goods producers and mark up prices via mdisdpgacompetition with nomi-



nal price rigidities & leChristiano et al(2009, Fernandez-Villaverde and Rubio-Rami(@009
andSmets and Woutei2007).The oil sector uses capital and labor to extract oil to sletbad at
international prices.

The financial sector consists of a deposit bank and a lending torming an interbank market.
The deposit banks offer a one-period financial instrumeihtoieseholds, namely de- posits, and
lend to the lending banks at the interbank rate. The deposita&ct is subject to a quadratic ad-
justment cost of deposit rates adarali et al (20109 due to monopolistic power of deposit banks.
Lending banks provide one-period loan contracts to gooodymers and the government. In addi-
tion to the interbank market funding, lending banks useuegsss from the national development
fund at the central bank policy rate. The government issnesperiod bonds, collects taxes, and
uses a fraction of oil revenues and the national developfuedtresources. The national develop-
ment fund also receives a share of oil revenues and financesgb@overnment expenditure and
the banking sector’s needs. The central bank is indeperficentthe government and follows an

inflation targeting policy by using the Taylor rule.

2.1 Households

Households maximize their life-time utility function dem from consumption and leisure time.

The representative household’s intertemporal preference
s—t
S {Zﬁ U<Csts>} ®

with 0 < § < 1. C; and N; denote consumption and the number of hours worked. We astheme

single period utility function as:

B Ctl—o Nt1+¢

U (Cy, N, -
(ut) XN1+¢

(2)

l1—0

with xn,¢ > 0. o denotes households risk aversion ancepresents the inverse of the Frisch

elasticity of labor supply. The disutility for work is weitgd by . In each period, the household



consumes’, despoitD in banks and pay taxés. Households supply labady to the intermediate
goods and oil producers, receive wagEsand the previous period deposits retutfi, transferl”
from the government, and net payolftsfrom the ownership of both financial and non-financial

firms. Therefore, households budget constraint is

RPD,

t+1

Ci+ Dy +T < W N, +

YT +P 3)

The first order conditions in respect to consumption, de@wel labor are,

NP =Crf (4)
N W,
—_t 5
Ci%  Xxn ®)
1 1 Ct+1)_g
—— —B8E 6
RP, ’ t(Ht-i-l Cy ©)

where) is the Lagrangian and, is inflation. Households hold government debt indirecthptigh

the financial sectér

2.2 The Final Good Producer

In a perfectly competitive market, a final good is producedidiyng intermediate goods. Taking as
given all intermediate goods pricé¥’ (i) and the final good pric&”, the final good producer’s
maximizes profit subject to its production function:
1
max PIYH — / PHEG)Y™(i)di
Yi (1) 0

s.t

v = ( / ytn@)%m) 7 7)

1 Gertler and Karad{2011) show that holding government debt directly or indirectlyed not matter in such
models.




whered is the elasticity of substitution. By solving the probletme input demand functions are

. —0
mw:(P;ZIS’)) Y vi ®)

whereY # is the aggregate demand. The zero profit condition conducts

PH = ( / 1 PtH(i)l_edi> o (9)
0

2.3 Intermediate Goods Producers

A continuum of intermediate goods producers use the Cohlgl@ds production technology to
produce intermediate goods that are sold to final produd@ésse firms face a two-stage problem.
In the first stage, an intermediate good producer maximieegtofit subject to her supply curve,
taking wage}V, and capital rentR*, as given,

max I} = PV + (1= 00) PP, — (1= w) Ry PE K, — W Ny

s.t

Y= Ay (K™ (K7 )06 (NP (10)

whereK ¢ is the stock of public capitaraised by the government at the end of1 with +,,, v¢ >
0. Every period, the intermediary good producer raises |lban order to finance its required
capital. The producer acquires capifs),; from the capital producer at pric* in order to

produce in the subsequent period,

L= P/Kio (12)

! Leeper et al(2010 andBerg et al (2013 use the same structure.



The producer will sell the undepreciated part of capitalapital producers on the open market at

the proper price. The firm chooses labor and capital in a pgyfeompetitive factor market:

_ WPIY + (1 - o) PEK,
- Ly
(1 — ) PIYY

N

(12)

Ry

W, = (13)

To find the real marginal cost;c, we set the level of labor and capital to produce one unit ofigo

Ay (K™ (KS )6 (N~ = 1. This equation, by using factor pricég and13, implies

1 fyn MZt —In
N'=— — 14
¢ A, (1 — Yn Rt) (14)
1y 1 WR
— n n 15
™mcye (1_7n) (,}/n) At(KtCil>,\/G ( )

whereR, = RFPF | — (1 — 6;) PF.

In the second stage, the intermediate good producer masdntdiscounted real profits. Fol-
lowing Fernandez-Villaverde and Rubio-Rami@009, a fractionl — «,, of producers might
change their prices in each period®). Other producers can only index their prices by past in-
flation. With the indexation parametgr € [0, 1], the price index, using Calvo pricing model,
evolves as follow:

B = [, (0, )™ 4 (- ) ()] (16)

The dynamic pricing problem of the firm is to maximize the sundiscounted real profit subject

lwherey = 0 is no indexation angl = 1 is total indexation



to its supply curve:

o0 )\ . . »
m%XEt Z(ﬁap H <H I PH mct+r> Y/, (4)
Pt =0 t+71
s.t
-6
t+7' (H Ht+s 1 Pt]j- > Y;I—;-IT (17)

wherell, =

PH is inflation. Since we have utility seperatable in consuoptind the security
t—1

market is complete, the stochastic discount factor (SD&ijmdar across households. Also because

firms are owned by households, the same SDF applies for thati@h of future profits of these

firms. The solutionP; after simplication implies

I

X! = xme Y + 5apEt(H )X (18)
t+1
2 xv H H? 1-6 H: 2
Xi =MLY, +ﬁ0‘pEt( ) " )Xt+1 (19)
NPES} IE

wherell; = 25 andf.X} = (6 — 1) X2.

2.4 Capital Producers

Competitive capital producing firms build new capital byngsundepreciated part of capital from
intermediate goods producers and new investment. The ngitatis sold at priceP* at timet.

The capital accumulation dynamic is

Ki=(1—6)Kp 1+ (Zl—t) it (20)
-1
, 2
. i
P (Z_t) :1_§M (21)
Te—1 2 Lt

1t—1

whered(.) is the non-linear investment adjustment cost functiorofelhg Christiano et al(2010).

paramete measures the concavity of the technological constraing CHpital producer maxi-
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mizes it profit
max I =K, Y M, [PFK, - (1—0)PFK, s — iy (22)
s s=t

subject to the dynamic of capital accumulation, equafiomherelM; ,; is the stochastic discount
factor. P} is the Tobin’s Q which determines the relative cost of inwestt in units of con-

sumption. The price of depreciated capital and the new @laigitassumed to be the same. The

. 2 .
(2 ’ 1
My, (Pt’il (t%l) o (%))] = 1 (23
t t

maximization problem implies

p {.Z—tqf (Z—t) o (l—t)} + E,
Ti—1 Te—1 11

The realized profit in each period is:

IS, =PFK, — (1= 8)PF K, — iy (24)

In the steady-state, the capital producer’s profit is zerbeneas during the transition process
around the steady-state, the adjustmnet cost cannot be isebptimal level and the capital pro-

ducers can realize a loss or profit because at timeestment;j, is pre-determined.

2.5 Oil Sector

The government owns the oil sector, which follows a Cobb-@as production function, using
capital and labor to extract oil. The oil productidi, is sold in the international open market at
price P° without any friction. In each period, the government speméized fractiono, of the oil

revenue as the new investment in the sector, partially tacepdepreciated capital too.

Ky = (1-8,) Ky + a,PPYy (25)
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As a result, the oil sector maximizes its profit by choosisgeuired labor,

max ;= (1 —a,)PY, — W/NY
5.t

Y = AY(KD ) (NF) (26)

the first order condition implies,

oYy
W,

Ny = (1 =) (1 =) (27)

The oil sector is zero profit firm so it returns its profit to thevgrnment. We assume that the oll

price follows anAR(1) process,
Py = poP{y + (1= po) P+ € (28)

wheree? ~ i.i.d (0,02)

2.6 Financial sector
2.6.1 Deposit Banks

All net creditor financial intermediaries in the interbanlanket are referred to as deposit banks,
which are price setters (that is monopolistically compeg)t Each deposit banke (0, 1) issues
risk free deposit facilities for households and returnsodétpinterest?” (i) in the next period.
These banks transfer the collected deposits to lendingdiartke interbank market at the interbank
rate R7P. Given that banks are monopolistically competitive, a détdmank: faces a Dixit-Stiglitz

loan demand curve

D (i) = (RtD (i))apt (29)

1As in Gerali et al (20100 andDib (2010).
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where the demand is increasing in the relative depositasteate and > 1 is the elasticity of
substitution between different bankg),(7) is deposit supplied to bankat the offered interest
rate RP (7). D; and RP are the aggregate deposit and deposit rate taken as giveaniy.bFor
setting the interest rates, deposit banks face a quadudjtistenent cost a I&otemberg(1982)

when maximizing its profit,

1P ES M (RI® — RP(i)) Dy(i) — 22 B2 ) p (30)
= Imax — 1 1) — — —
S A t 2 \RP, (1) t

The first order condition is simplified to

1+¢_p s kp [ R RP My [ RO RP
RP =R - = -1 E ’ -1 31
e ¢ t e \RP, RU, TR RP RP (31)

where symmetric equilibrium implieB” (i) = RP for all i € (0,1). Equation31 shows that the
interbank rate includes the risk-free deposit rate, dépasik’s markup and adjustment costs. This

spread between free-risk rate and the inter-bank ratesvavier the business cycle.

2.6.2 Lending Banks

In contrast, all net debtor financial intermediaries in titelibank market are referred to as lending
banks. In addition to deposit resources, the lending baslabeess to the central bank’s la8f”

at rateR“2. Each bank adds this bundle to its last-period prafitin order to finance lending to
firms, L;, and buying government bondB;. Raising any loan is subject to a quadratic adjustment
cost. So, a lending bank’s balance sheet (which is the sanal fending banks and therefore we

look at the aggregate) can be written as:
Byyi+ Ly = Dy + BEP + @, (32)

where assets are government borfgisand loans/., and liabilities are interbank borrowing which

is equivalent to the aggregate deposit,borrowing from the central banig“” and the net worth,
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w. The net worth dynamic changes according to:

wy = RL,_, + RPB, — RI®D, — R“% B

1 (p D) - (5, -B) - (1 -T) @9

whereng, np,n, > 0. The quadratic terms are assumed, so that banks diffeiebetween rates

in the economy. The banks maximize their intertemporal {zefrery period by

max X =E,
L%,Ls,BSB,Bs

f: Ms,tws]

s=t+1

subject to 82) and @3). The first order conditions imply:

RC’B
RIP = e (34)
1 -+ i) (Dt — D)
RC’B
Ry = — (35)
1= (Bt — B)
CB
R} = i (36)

I —n <Lt—1 - f)

To close the model, we assume that lending banks have uetimitcess to national development
fund resources at the policy rat&’? after exhausting other resources. Therefore, in addition t
the deposit rate in3(1), all other rates in the financial system are pinned down byptblicy rate

in equations 34) to (36). Each of these rates can be a markup or a markdown to theypate
depending on the resources on asset and liability sidesngt@ance, if there is an excess liquidity
in the banking system due to high levels of deposits, thebatek rate falls below the policy rate.

Conversely, in a liquidity shortage, the interbank rateighbr than the central bank rate.

14



2.7 Government

The government collects taxeg, , raises government domestic bonds, and has access to a
fraction v of the oil revenued,, a fractionp, of the national development funfd, and its return

on international investment of the oil fund at interest r&€. On the other side, the govern-
ment spend&’;, remunarates bond holdings/¥, distributes transfers,. The government budget

constraint is
Ty + Biy1 + O + (pg + R)F,_y = G+ RPB, + T, (37)

The government has the following rules for transfer and ipiggending:

T, = 74(RP — 1) D; + 7.C; + 1, W, N; + 73, P (38)
I'y = prvO, (39)
Ge=G" (40)
GY =K —(1-o06)KZ, =G (41)
Gy =G+ GY (42)

T4, Te, Tw, T @re tax rates on return on deposits, consumption, wage afitsprespectively. The
government sets the transfer according to the oil revenupaogmeterpr. G is government
current expenditure, which is assumed to be constant@his the government investment in

building public capital GG, is the total government expenditure.

1The best way to introducg; is by using the interest rate parity equation. However, fimpticity, we assume
that the international interest rate is a markdown of the eiiin policy rate.
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2.8 Central Bank and national development fund

The central bank is a nonprofit institution. Every periods tentral bank sets the policy rate by

the Taylor rule as follows:
" = par + (1= pa) (77 + pa(Il; = T0) + py (Y = Y)) (43)

whereY is GDP andl + r{? = REE. We assume that the central bank uses resources in the na-
tional development fund to intervene in financial marketse mational development fund dynamic

evolves such that:
Fr=Q0=py)F1+(1—v)0 + REBN — B" (44)

which is a result of the national development fund operatiith the lending banks, receiving a

share of oil revenues and a depreciation of the stock whiotbeadue to many reasons.

2.9 Market clearing

By adding all budget constraints, market clearing condgiare:

GDP,+ RF,_y =C,+ ® (Zl—t) i+ a’PYYS 4+ Gy + (F, — Frq) (45)
t—1

Ny = N/ + N/ (46)

P =15 + If + 0P + 1tk (47)

whereGDP, = Y, + P°Y?. In equatiom5, total output plus the return on foreign investments are
equal to consumption, capital investments, governmerdmrditure and net deposits in the national

development funds.
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3 Results

The model in this paper remains an attempt in integratingerbgenous banking sector in a new-
keynesian framework of an oil economy with a national depeient fund. It is a general model
and is not built for any specific oil-exporting country. Aldbabstracts from the exchange rate,
an external sector, frictions in the labor market and so arttfe sake of focusing on the role
of the financial sector in an oil economy. Here, the model ibc#ed to quarterly data for Iran’s
economy from 1985-2015. Although the model does not caillitee charateristics of the Iranian
economy, the results do not alter when the calibration is¢has other oil economies.

Table 1 presents the value of the parameters, which are chosen feoris data based on the
guarterly targets. In summary, a subset of parameterses ta&m the literature or is calibrated to
match the long-run averages observed in the data in fablde source of data is from the World
Bank, the Central Bank of Iran and the budget law.

This section discusses the main results of the paper. Riestpok at the technology shocks
on non-oil firms and on the oil sector and compare the imp@spanse functions to these shocks
with well-established results in papers suchCasistiano et al(2010 and Smets and Wouters
(2003. Then, upon the model’s success in reproducing similgraese for main fundamentals of
the economy, we look into the oil price shock é. Following Pieschacor(2012, we assume

that the oil price and technology shocks are stationary alal# an AR(1) process as i129):

Py = (1- pO)FO + po Py + €

log(Ay) = pilog(Ai—1) + €

wheree’ ~ N(0,0?) i = P° A.

3.1 Technology Shocks

Figure7 and8 show the impulse responses for the aggregate variablesigdnoim the same set

of models illustrated previously for a one-standard-dewashock to the TFP level. A positive
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technology shock increases non-oil output, leading to gorawement in wages and the labor
employed in the economy. With perfect labor mobility acresstors, and assuming no change in
the oil price, the higher wage demand decreases the labptysinpthe oil industry, leading to a
decline in oil production and revenues. For this purpodmdanitially increases but then declines
as the income effect from the oil sector starts to dominagestibstitution effect from the non-oil
sector. Due to higher wages and labor, transfers diminista fiew periods as the government
receives lower oil revenues and households get wealth@towing the productivity shock, the
marginal cost falls on impact leading to a decline in inflatid"fhe monetary policy follows the
inflation path and with a decline in the central bank polidg @l market rates fall. The decline in
rates reduces the net worth of the banking system accomphypideposit and government bond
supply. The only exception among the market rates is therrain capital which according to
equation 12) follows the productivity shock. Moreover, a positive taclogy shock decreases
firm’s capital stock building and equivalently the loan deha

Figure 7 compares the benchmark model with other scenarios ingjudinprice stickiness
(o, = 0) and higher cost of capital replacement in the oil seatgr=€ 0.1). In 8, the benchmark
model is compared with models without Rotemberg adjustroesitin the deposit bank(, = 0),
no market power for deposit banksy(= oc) and finally with near perfect pass-through of rates
through lending banks)(,, 5, 7, =~ 0).

Higher cost of capital replacement in the oil sector onlgltdliy dampens the technology shock
impact on the economy. However, the absence of price stskimffects the monetary policy
behavior following an increase in inflation, since retalean adjust their prices instantly. The
absence of sticky rates and imperfectly competitive fire@notermediation alter the picture only
marginally. Nonetheless a quasi-perfect pass-throughtesrthrough lending banks amplify the
contribution to the expansion following a technology shotEke usual drop in inflation induces a
policy rate cut, but without interest rate adjustment cémtéending banks, rates fall and converge
to the steady state slowly against other scenarios in whiehpblicy rate overshoots after five
guarters. Nevertheless, an important difference is that#posit rate and the interbank rate are

still determined by deposit banks with monopolistic power.
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A 1 percent technological shock on the oil industry has gahethe same directional impact
on the economy, but its impact remains more unattenuateltbasated in figured. This shock
increases oil revenues, and improves transfers as thergoeet’s receipt from oil enlarges and
household consumption expands. The overall labor dropginaly in spite of higher hiring by
the oil industry because households become wealthier aswbetto work less. Nevertheless, labor
in the oil sector constitutes only a small share of total taond modest variations in labor or wages
cannot have an important impact on the real and financiabse&s a result, the government oil
revenue remains the principal channel through which teldgieal advances in the oil industry
propagate into the economy. With higher revenues, govanhisgues less bonds and carries out
more public investment, which builds up public capital &o©n the impact, this would reduce

the marginal cost and inflation, inducing the monetary galeaction of reducing the policy rate.

3.2 Oil Price Shock

Figurel0and11lillustrate the impulse responses for the aggregate vasaditer a one-standard-
deviation shock to the oil price. A positive oil price shoaadists oil revenue, affecting the economy
through different channels. First, due to the enhancecewémues, investment in the oil industry
strengthens and boosts the capital stock in the sectorhwhither amplifies oil production and
total output. Second, the rising oil revenue induces aresmse in labor. This is interpreted for the
non-oil sector as a labor supply shock, which inflates wagiesompensate for the loss, the non-
oil sector responds by revising its prices upward. At theesime, the monetary policy reacts to
the positive output gap and higher prices by increasing thieyprate momentarily. Nevertheless,
the detrimental impact of higher oil prices on the non-odtse pushes total labor below its steady
state value, resulting in falling wages and prices, rengréne very short-term impact of higher
oil prices. This shows the importance of structure withireaonomy and how the oil and non-oil
sectors are linked. This development happened in our mbeehuse the two sectors compete over
labor. This effect could be strengthened, if the capitahenail sector were of the same material as
in the non-oil sector. Inversely, higher oil prices can haymsitive impact on the non-oil sector,

if for instance, government subsidies to firms were impdrtangovernment would use more of
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non-oil sector products in its public investment program.

As prices start to fall and the central bank cuts the polidg,rather rates start to decline.
Following the drop in rates, deposit and bond supply plumpeatly because households move to
smooth their consumption and the government receives hrglienues from oil. Naturally, with
rising oil revenues, the government finances its expensestlyi from oil revenues, leading to a
shift from a modern state to an economy with reduced depeedambonds and even taxes.

Also, due to lower wages and a richer government, housekblsse to work less and receive
more state transfers and therefore total consumptions. ghowhe medium-term, non-oil firms
will substitute lower labor with the capital accumulationtaking advantage of lower market rates
for borrowing. For this reason, capital stock rises after fl in interest rates and labor. The
oil fund originally overshoots thanks to higher oil reveaubut because of lower deposits in the
system and higher loan demand coming from non-oil firms, tHfard must inject resources to the
banking system. Eventually, resources go below the steatly. sThe oil fund resource injection
is complemented by the central bank’s lending to banks. ddddue to higher deposits at the
beginning and lower bond supply, banks do not use the cdrardt’'s lending facilities. As soon
as non-oil firms start to invest and their loan demand ina@gasentral bank lending goes back to
the steady state. Indeed, the central bank’s rate, follgwhe Taylor rule, rises at first based on
output and inflation gaps. However, due to rigidities in atipg the interbank rate, the increase in
the interbank rate is smaller than that of the central bardka Aesult, the lending bank has more
incentive to borrow in the interbank market rather thanatlyefrom the central bank.

In this setup, the wage is determined only by non-oil firmsthéligh higher oil price makes
it more efficient to reallocate resources from non-oil toaleector, this wage rigidity prevents a
perfect substitution in the general equilibrium. The traission mechanism could be reinforced if
wage dispersion existed in the model and the wage was detednm a competitive labor market
or even in monopolistic model a la Calvo for instance.

In addition to the benchmark model, figut® shows the oil shock under two alternative sce-
narios with no Calvo pricing and higher oil re-investmentheTtwo models behave similarly to

the benchmark model; however, they illustrate the role che@mponent in the propagation of
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shocks. Withr,, = 0 and no price stickiness, retailers can adjust the priceantly, which damp-
ens the impact of the shock on almost all variables. Sinoepadjustimmediately, the mechanism
that happens with the full model at the beginning of the shaiskppears. As in the benchmark
model, with positive oil price shock the oil industry absernore labor. The non-oil sector re-
sponds to the shock by increasing salaries and prices. Hoywéns time retailers respond to the
monetary policy reaction of a rate increase immediatelg, &rerefore, prices fall on impact. The
non-oil sector’s output falls as a result of losing labor &nel inability to increase prices. With
a shrinking labor force and cheaper capital acquirement;aiofirms start accumulating capi-
tal. Households choose to work less, since the salariesr@viecreased and because transfers
increase due to higher oil price. Nonetheless, consumptimhtransfers are weaker than in the
benchmark model and the government initially issues higbeds to support transfers and public
investment.

The case of higher investment in the oil sector is more istarg. The response is very similar
to the benchmark model; however, GDP and consumption expamd, and convergence to the
steady state is slower. The reason is that as the oil outmutrges with the sector’s investment
intensification, production and labor demand also incre@ke impact on the non-oil sector is as
detrimental as in the benchmark, with a more protractedeffiéne oil sector is greedier on labor,
and the non-oil output declines faster while trying to congage for labor losses with higher
investment. This process is facilitated by suppressed ebhadtes. Because of the prolonged
impact on non-oil firms, the monetary reaction remains patéd, and rates remain low for a

longer period.

3.3 Application

Once the model has been calibrated and its propagation mieains studied, we can use it to
analyze the role of the financial sector and banks, raisdeeimtroduction. We are not looking at
the shocks originating within the banking sector, althotlgdy can be interesting, but are simply
studying the role of banks in propagating an oil shock to #s¢ of the economy. Because agents

are not credit constraint, a conventional financial acestermechanism is absent in the model.
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The goal of the model, therefore, is not to replicate a fir@naccelerator model, because by
construction it amplifies the impact of shocks. The goal afiag a financial sector was to 1)
introduce a national development fund and link it to the bagisector and the government; 2) to
see the impact of an interbank market on shocks; and 3) twdate different rates in the economy
and later on intervention and exchange rate stability m@nfda the central bank.

Figure11 demonstrates the response function to the oil shock witkréifit financial system
component changes. We look at the responses with changhke deposit bank where the deposit
rate adjustment cost has been removggl,= 0, and the case with no monopolization power for
deposit banks, i.esp = inf. Then we analyze the impact of instantaneous rate chan¢gsdatg
banks by removing all adjustment costs, hg.p 1 = 0.

The monopolization of the deposit bank or the deposit rajesatient cost appear to have a
mild impact on the model. In contrast, the response funsti@tated to lending banks with no
adjustment costs have a significant impact. Indeed, wittaimtaneous rate adjustments, non-oil
firms replace the labor with capital. Therefore, the ovatathand for labor falls at the beginning
and investment soars. This process occurs at the same tithe asntral bank rate cut because
this time firms do not see the necessity of increasing th@epevels for paying higher salaries.
Instead, the overall price index falls, and the central basgonds by cutting the policy rate, which
in turn boosts investment. However, after two quarters nibre-oil output increases to the point
that firms require hiring and therefore labor overshootsc&labor declines right after the shock,
consumption declines, but itincreases as transfer and i to rise and the overall level remains
higher than the benchmark and other scenarios. Governrordtdupplies also decline on account
of lower bond rates and higher government revenues fronT bé&.major difference in this scenario
is the positive spillover from the oil to the non-oil sectbecause of the firms’ labor-choosing
behavior, falling prices, and the monetary policy reactiés a result, the cumulative impact on
GDP stands higher than in other scenarios. Neverthelasggsult remains very sensitive to the
parameters’ calibration. With different parameters fa Households’ utility function for labor
and leisure and modified Taylor rule, the results could biediht and potentially closer to the

benchmark model.
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4 Concluding remarks

This paper studies an oil economy in a New-Keynesian framewtith a heterogenous banking
sector. The main purpose is to analyze how different compisna an oil economy from the oil
sector, public financing from oil resources, and nationakt®ment fund interact together and
with a banking sector in propagating shocks in the economy.

Several results are provided. First, because of compleariges between the oil and non-oil
sectors, the labor market becomes an important source oksispillover in this economy. This
is seen especially in the oil sector technology shock angraie shock. The main reason here
is the fixed labor supply. In an economy with slack capacitiabbr, the results can be different
somewhat and a positive technology shock or oil price shamkevhave larger impact on GDP and
consumption. Therefore, policies aimed at stabilizing @agnd prices prevents these variables
to play their role of automatic stabilizers to avoid largeirgyg of production factors between
sectors. The detrimental effect on the non-oil sector asalts in a pro-cyclical behavior of the
monetary policy to support price stability and stimulate tion-oil sector. Nevertheless, this setup
can compensate for the lack of an exchange rate in the modeabptore a similar Dutch disease
kind of phenomena in oil economies.

Second, the government’s role in propagating shocks isneakeWhen the oil revenues in-
crease due to higher oil prices or a positive technologibatk, the government magnifies the
transfer to households and increases public capital exjpead Higher transfer indeed improves
consumption, but it also affects the households’ decisidalwor allocation. On the other hand,
since public capital is used in the non-oil output, totalatishould increase proportionally, which
would result in a higher fiscal multiplier.

Third, although banks do not play a key role in the propagatiboil shocks in this model,
they have a critical role in amplifying them. Because theseittor is not directly exposed to
the banking sector, and non-oil firms are neither credit taimed nor is a default allowed in the
model, banks are not essentially driving the response®toitsector shocks. Instead banks in this
model can differentiate between market rates. Variousidnes in the banking sector affects the

impulse response functions. But the deposit bank mondpmopswer or deposit rate adjustment
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cost have insignificant impact compared to adjustment éndending banks. This is due to the
fact, that lending banks are linked to the government, nbfirms, national development fund and
the central bank.

This model provides plausible explanations in a stylizedhnea that can help improve our
understanding of how different sectors of an oil economegraxtt, but naturally it comes with
many limitations. As mentioned before, the model remainyg gensitive to the labor market. In
reality, the oil sector is capital intensive. Additionallize labor force is very specialized, and the
degree of substitutability remain low. Furthermore, thedelabstracts from the exchange rate
and trade. Indeed, in oil economies the major export ren@inand the revenue is accrued to the
government and a sovereign wealth fund or a development flimelnegative spillover effect from
the oil to the non-oil sector can be exacerbated by modelsmall open economy and introducing
a real exchange rate. Moreover, by choosing credit-canstidirms and introducing collaterals,
the banking system becomes part of the propagation mechaaigl the financial accelerator must
function. Finally, the central banks of many oil-exportioguntries have the implicit mandate
of exchange rate stabilization. The model dynamic can beduga by choosing exchange rate
stabilization as one of the objectives of the central bamk.tlikis purpose, we have to introduce an

intervention rule as well.
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Appendix

Table 1: Calibrated parameters (quarterly)

Parameters Symbol Value source
Discount factors B 0.9595 RP = 0.18(annually)
Consumption elasticity o 1.5 Bhattacharjee et a(2007)
Relative utility weight of labor XN 0.52 N=1

Inverse Frisch elasticity of labor supply 10) 2.17 Motevaseli et al(2011)
Elasticity of private capital Yn 0.30 K/GDP =2
Elasticity of public capital ore 0.1 Berg et al(2013
Elasticity of private capital in oil Yo 0.80 K°/GDP =0.30
Coef. of intermediate producer 0, X, ap 9,0.241,0.50 30% Mark upDaliri and Mehrgar(2015
Depreciation rates Ok, 00,04 0.05,0.007,0.1 Motevaseli et al(2011)
Capital Pro. adj. cost £ 2 Daliri and Mehrgar(2015
Coef. of deposit bank €,KD 237,1.5 RIB = 0.20(annually)
Taxes Tey Tdy Tws Tk 0.09,0,0.04,0.15 Average tax rates
Central bank Peby P> Py 0.10,1.5,0.125 Gertler and Karad{2011)
Oil AR processes Po 0.80 Guerra-Salag2014
Other AR processes PA; PAo, PE 0.80,0.90,0.90

Gov. share of oil revenue v 0.70

Gov usage of oil fund Pg 0.05

Share of Transfer in Oil Rev. or 0.33

Share of investment in oil revenue , 0.01

Adj. costs of lending bank ND,NB, ML 2,0.2,2

Table 2: Steady state of the benchmark model(quarter)

Variable symbol  Steady State/GDP
Consumption C 0.64
Transfer r 0.05
Private capital K 2

Oil capital K° 0.36
Public capital K¢ 0.48
Non-oil output pHYH 0.75

Oil revenue Peye° 0.25

Gov. expenditure G, Gp, G 0.25,0.046,0.30
Investment X 0.10

Gov. loans B 0.40

Tax T 0.09

Total government’s budget 0.78

Current expenditure/investment G./G, 5.5
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Figure 10: Percentage change from the steady state for yheaki@ables. The shock is a 1% standard deviation
positive technological shock to the oil sector. Benchmaddet is compared to no price stickiness, (= 0)
and higher cost of capital replacement in the oil secigr=€ 0.1) scenarios.
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Figure 11: Percentage change from the steady state for yheaki@bles. The shock is a 1% standard deviation
positive shock to the oil price. The benchmark model is camghavith models without Rotemberg adjustment
cost in the deposit banlk, = 0), no market power for deposit banks,(= oc) and finally with near perfect

pass-through of rates through lending banks, ¢z, 7, =~ 0).
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