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1 Appendix A: Model Solution

This appendix shows the non-linearized and linearized versions of the key optimality and
market clearing conditions used in our analysis of the model’s equilibrium dynamics.
We denote by small letters with hat, ;,, the deviation of a given variable, X;,, from
its steady state value, while (Xl)SS stands for its steady state value. In what follows,
for simplicity, we provide a general description of the UK model as the representative

economy, and show differences for Saudi Arabia and Russia.

1.1 Country-Specific Relations

In what follows we derive the relations for the domestic country assuming that the same

conditions apply to the foreign country because the model is symmetric.

1.1.1 Representative Household Maximization Problem

The representative household solves the following intertemporal problem:
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and Af, is the Lagrange multiplier associated with the representative household budget
constraint. The linearized equation is given by:
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1.1.2 Representative Household Maximization Problem (Russia)

The representative household solves the following intertemporal problem:
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and Af, is the Lagrange multiplier associated with the representative household budget

constraint. The linearized equation is given by:
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The first order condition for By 4y is:
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1.1.3 Representative Household Maximization Problem (Saudi Arabia)

The representative household solves the following intertemporal problem:
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constraint. The linearized equation is given by:
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1.1.4 Labour Supply Decision

If wages are flexible:
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1.1.5 Private Capital Accumulation

The representative household solves the following intertemporal problem:

1—01
{253 [ T-o1 th_Cl i+ _"flCl)t;rJXll) + } (A42)

I-x1 (1 Ll,t+]
(1 + Tlc,t) PﬁtCl,t + Pli’tll,t+ (A43)

_ Rry,) ' B
(le,t) ' Byt + ft ( Q’t)b Li+]

1,t

= (1 =71, — ") WiyL1y + RY K1 + (1= 71,) Diy

subject to the budget constraint:

+ Plo,tylg,t + Bt + elﬂfBl,t
and the capital accumulation equation:
L\ L
Kiy=(1-06) K+ (1 -5 (i> ) AW (A44)

The first order condition for I, is:
0=1- Q1,tZit

. : I 1
Ch,tZitIl,tSOi( - _1) -

Iy Iy

+ (Ad5)

Pli 11T 41 I It
Bi——— 14124 1 D11 —1 ’
Pit)\it i+ 1,t+141¢+ 1 Il’t (_[1715)2
where:
Q1
TP

and (), is the Lagrange multiplier associated Wlth the capital accumulation equation.

The linearized equation is given by:

. i (n - i (2 - 50
Qe = ¢y (e —d1e1) — 9161 (B0 — B1e) — 21 (A46)
The first order condition for K, is:

q d pk
M1 Pry Ripq
q i pd
/\1,t Pl,t Pl,t+1

i d 4
P1,t+1 Pl,t >‘1,t+1
d i q
Pl,t+1 P1,t )\l,t

it = B

(A47)

+ 51 (1 —61) q1,t+1

11



The linearized equation is given by:
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1.1.6 Private Capital Accumulation (Russia)

The representative household solves the following intertemporal problem:
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and @), is the Lagrange multiplier associated with the capital accumulation equation.

The linearized equation is given by:
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1.1.7 Private Capital Accumulation (Saudi Arabia)

The representative household solves the following intertemporal problem:
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The first order condition for I, is:
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1.1.8 Firms - Production of Consumption Goods

The cost minimization problem faced by the representative firm producing final
consumption goods is given by:
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the linearized equation is given by:
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1.1.9 Firms - Production of Consumption Goods (Russia and Saudi Arabia)

The cost minimization problem faced by the representative firm producing final

consumption goods is given by:
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the linearized equation is given by:
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1.1.10 Firms - Production of Investment Goods

(AT9)

(A80)

(AS1)
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(A85)

We can express the cost minimization problem of typical firm producing investment goods

as follows:
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The investment basket equation is:
pS o6 1 1+p%
= ()1 (1) ™ + (o) (2101) 7 ) (A56)
the linearized equation is given by:
~ _and mi (o1 sm
ZLt — wlll’t + wl (m]_’t + Zl,t) (A87)

The first order condition for I{, in the investment basket equation is:

c

16 [ il
— (W=~ =1 (A88)
P (4177
the linearized equation is given by:
P Py A ~d
-— =- 1y —1 A89
Bi|, = g e (A89)

The first order condition for Mli,t in the investment basket equation is:

P, P, ( o Ly ) ey
= wmlm—’i zm (Ago)
Pld,t Pld,t ! 21 My b
the linearized equation is given by:
pm sz c )
— - 1 —my, — 21y) + 2 A91
pd y Pd 1 1+ p¢ (Lt Lt 1,t) 1,t ( )

1.1.11 Firms - Production of Domestic Intermediate Goods

The cost minimization problem of firm ¢ that produces overall output Y, (i) can be

expressed as:

RY Ky, (i) +

min 1+7—1t>W1tth()
{Kl,tfl(i)7L1,t(i)»oit(i)vvl,t(i)}

P07, (4)
It 1 1+p7
vy m N\ TH

sit:Yig (i) = (wy ) (Vi (4)) +
(wy" )“Pl (22,01, (i) =

1 1+p{
()7 (K0 ()75 ¢
and : Vi (i) = ( f )””1 Klgt 1)1+p1 +
() T (2L (0)) T
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The value added aggregate production function is:

Pi) 1 1+p11)
(wb) 7T (K1) 771 +
Py
Ve = | ()™ (st

v

Pl 1
1\ T5p7 ey
(wh) T (Z1y L) 0

the linearized equation is given by:
A 7 kg7 7 A
b1 = Prkir + or7kT 1+ o (ll,t + Z1,t>

where:

with: ¢f + ¢! =1

and: 0 < ¢ <1

The gross output aggregate production function is:

o
1

I3 1 I3t
— VY 1+p9 1+p9 oY\ 1+p9 o Yy 1+p9
Yig = ((wl ) (Vi) 77 4 (wi?) H (ZI,tOLt) "
the linearized equation is given by:
~ _ VY + oY (Y + 20 )
Yip =Wy V1 T Wy (01 T 214

The first order condition for K;;_; in the output aggregator:

it oy

k — 1 — 1

Ry, MCy, wuyyl,t 4ot o Vig A
d d 1 1

Py, Py Vi Ky

the linearized equation is given by:

) 1+p%

14 P1 >
k 5 1 (s . 1 o
Tie = MmCig + (Y10 — 1) — " (Ul,t - kfl,t—l)

1+p(1) 1—0—[)1
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The first order condition for K7, ; in the output aggregator:

kg L o
& _ MCy, <wvy&) 1149 (wkg Vi ) 167 (A98)
S AN PKY
the linearized equation is given by:
,\k‘g - . O . (¥ . /‘g
= mcé1 + — (U — ki, > A99
Piy Lt ] + (ylt U1t) 1+ 8 1t Lit—1 ( )

The first order condition for L;, in the output aggregator:

o U

Pl P1
Wi MCu( Yu)“ﬁl( 1 Vi )1*91
1+ ) ot = Tt (Wit wi L 7 A100
( P, P\ W, Y21l ! (A100)
the linearized equation is given by:
55
~ <TiUf> ~wf ~ po
W1 ¢ — S5 7'1 —+ mcy ¢ + 1 T e (yl t — ) (A101)
(1 N < w f) ) r
[P X
U —lig— 2 ) +z
[T ( 1t — e — 21t 1t
The first order condition for Of, in the output aggregator:
Py, MC i\
1t 1t { o 1t et
Pd = Pd <w1yZo Oy ) 1,t (A102)
1t Lt 1tV
the linearized equation is given by:
?O = mél t -+ (1) (g}lt — ézft — 2?1&) + éi)t (A103)
Z] YT
The evolution equation for government capital is given by:
Klg,t = (1 - 5?) Kf,tfl + Ag,t (A104)

where A{, denotes the authorized government investment or the stock of public
investment. Expression (104) captures the time-to-build assumption. Its linearized
equation is given by:

]%%t - (1 - 5?) I%itfl + &fdit (A105)

Spending outlays authorized by appropriations bills typically occur over time. To

capture this, let the sequence { 1,00 *’{fl, *’{fé, e O N 1} denote the spending rates from

20



the date the funding is authorised (0) to the period before project completion (N — 1).

Thus, the implemented government investment at time ¢ is given by:

Iy = Zcbg’ Ay, (A106)
N-1
where Z 1, = 1. The linearized expression is given by:
n=0
1 N-1
~gd i A
Zgll,t = N—1 [Z Ell,naély,t—n] (A107)
Z gi n=0
1n
n=0

For example, if we have 4 quarters of delay, equation (107) becomes:

3
~D 1 gl ~gp
9 = ; ; ; ; E 1,n%—n
gi gi gi gi ) -
10T P11 TPt P

n=0
Instead of estimating the spending rates, for the UK economy we assume a version of

the model with one quarter of delay (N =1 and gbﬁl’fo = 1) whereas for Russia and Saudi

Arabia we assume a version of the model with two quarters of delay (N = 2, gbl 0=

and ¢1 1 =1).
1.1.12 Evolution of the Marginal Cost
If prices are flexible:

MCy,; 1
Pl 1467,

(A108)

the linearized equation is given by:

;éi)t

~

mecy = —

(A109)

If prices are sticky, the profit maximization problem of firms that are allowed to reoptimize

their prices at time ¢ can be expressed as:

o (eryi ¢, P () Vi () —
max E pyI {”Lw Lt Liws A110
{re,} t;o(&) Press | RIC Y (1) (AL10)
_14ep
Pe. (i o7
st Y1y (i) = ( j.&td( )> Yy, (A111)
1,t
J
Llf 1—F
and:”it,,jzn{(ﬂit—us) (Wlss) 1} (A112)
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the first order condition is given by:

00 Pl 1
Z Pt o7
E Ep ) 1,t 1 t+ O
t 4 1,t+j MCLHJ (Pl t(z)ﬂ-l t, ]> 1+9§) ,t+g
=0 Py Pld,t-&-] i
where:
__1 _1+9117,t+j
d d 0P . d (; 0P .
—p (é-p/B ) Af Faw) Plt 1,t,j Lty Pl,t (4) Ltvs 4
—1t+y T 1 ¢ pd pd 1,t+j
1t 1t+j Lt
The linearized equation is given by:
1 B
~d pad 1 /A pad
ﬂ,igs (7(171& - L17T1,t—1) = igs (771 t+1 L1771,t)
P P p\SS
(1-&G8)A-=&) [ . 01" 4
+ > mcy + —359
&1 1+ (67)
where:
1
~d pad _~d pad
55 (7171: L17Tl,t—1) =T U141
1

1.1.13 Fiscal Sector

The government budget constraint is:

P{GY, + P’“gzgd + By =10, Pf,C

ocC [0]
Tl,tDl,t + Tl,tpl,t

the linearized equation is given by:
PC

(pd)ss

ss L1) 53

~gd

(
7 ~d
bit + st —

_ (wl

G oy {

1t T <71t+71t +Tlt>W1tL1t+

(Rh)

C yo [0] o
1ot TP YT+ By

C )SS
)SS

SS pc ~ ~
(1) {7'1 ¢ T [%} +Cie — ?/fl,t]
(7') |:Tlt+w1t+l1t_y1ti|

~wh

+ Wy + ll,t - ?)it]

()
. 1 55 SSr. R . R
b1,t+1 -2 B (wl)ss ((i‘li))ss (lef> [letf Tttt ll’t B yit]
& (clh)ss d\55 |~d | 3 nd
- Yd)ss (71) |:7_1,t +diy — yl,t:|
1
58S ()5S
Py 0 0c) 55 | zoe ~c N
- (P_%i> Eyigss (1) i [ } L + 01 — yil,t
1 )
PSS (v2)" | yorSS | ayo O
RGN = EN
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where the linearized equation for dividends is given by:

(MCy)%®
1— (MY

~

7 ~d
dig =191, — mey

(A119)

Moreover, we assume that the log-linearized expressions for the fiscal policy rules

concerning the distortive taxes are:

~c __ _jcca
Tie = (0 Ci

Al ly~d b3

1t = Yy Yi¢ T+ Y1r'b1ta
~wh whbi,
Tt = (U

~0C __ 0OCOC ~C
Tt = Y1 014

~wf S wfby
Tt =1 b1ga
~d _ . ddj

Tt — Y1y

po
pGDP

~Yo __ 1 yopo
e = ¥1

1t
The oil revenues are:

OILREV,, = 7/ P}, Y,
the linearized equation is given by:

~0 ~d
T Y~ Yig
1t

oilrevyy = 777 +

The consumption tax (VAT) revenues are:
CONSTAXREVy, = 1 ,P{,C1,

the linearized equation is given by:

AC
constaxrrevy; = Ty, + + ¢y — ??ft

~

1t

The fuel duty revenues are:
FUELDUTY REV:; = 104P7,01

the linearized equation is given by:

po

~

fueldityrevy s = 775 +
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The dividends (corporation) tax revenues are:
CORTAXREV;; = 1{,D1,
the linearized equation is given by:
cortaxrevy; = %fft + cil,t — gjf,t
The labour income tax revenues are:
INCTAXREV:, =1 ,Wy,L1,
the linearized equation is given by:
inctaxrevyy = %f’t + Wi, + Zl,t - @it
The households National Insurance Contribution revenues are:
NICHTAXREVy, = 1"} Wy,L1,
the linearized equation is given by:
nichtaxrev, ; = ﬁ”th + Wi+ Zl,t - @?,t
The firms National Insurance Contribution revenues are:
NICFTAXREV,, = 7/ Wy,L1,
the linearized equation is given by:
nicftaxrevy, = %{”tf + Wy + Zl,t - ?Qit
1.1.14 Fiscal Sector (Russia)

The government budget constraint is:

kg rgd
PﬂtGil,t + Pl,?[it + By = 7'1c,tplc,t01,1t + (Tll,t + Tfutf> WiLy e+

d Yo po o b \—1
T1,tDl,t + Tl,tpl,tYLt + (Rl,t) Bt
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the linearized equation is given by:

(

7 N ~gd P¢ Ccy)%° SS pe n -
b+ gil,t + flit (7}) ((Y}))SS (1) {7'1 ¢ [ﬁ} L +Cip — yfl,t]
SS S8 SS [ . N ~ ~
(w)* E8ss (1) |7l + v+ b —
1
SS (L1)%° wf

85T wf R v
) [7'1 ¢ Wl — yl,t]

(Tl )SS [7'1 ¢ T dl it ?ﬁl,t}

biip1 =

|

po SS( 10)55 Jo\SS Ayo o d
\ - (P_?> i [ ]u T T Ve
where the linearized equation for dividends is given by:
. (MCy)™
dyy =%, — —————=mé
1t 1, 1— (MC’I)SS 1,t

Moreover,

concerning the distortive taxes are:

Tlt_wl Cri

ly ~d

+ wibl;1,t74

Tlt (R Y1
ﬁvtf - ¢1 fbi)l,t—zl
= ¢itdy,
AO
e[
Lt

The oil revenues are:

OILREV:; = T¥P, Y,

the linearized equation is given by:

AO
-7 __ ~yo ~0 ~d
oilreviy = 71, + | = T Y — Yig
1,0
The consumption tax (VAT) revenues are:
CONSTAXREV,; = 1, P[,C14
the linearized equation is given by:
AC
constaxrrevy, = 71, + | = + ¢ — ylt
1t
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The dividends (corporation) tax revenues are:
CORTAXREV;; = 1{,D1,

the linearized equation is given by:

cortarrev,; = %ﬁt + cZLt — Q‘f}t
The labour income tax revenues are:

INCTAXREVy; = 1] WiLi,
the linearized equation is given by:

inctaxrevyy = %f’t + Wy + Zl,t - ?)ii,t
The firms National Insurance Contribution revenues are:
NICFTAXREVy, = 7"/ Wi, Ly,
the linearized equation is given by:
nicftaxrevy, = ﬁ“"f g+ iy — Z}it

1.1.15 Fiscal Sector (Saudi Arabia)

The government budget constraint is:

w

+ By =18, PrCr (i + 7

,t

g d kg rgd
Pl,tGl,t + Pl,tll,t

o

d y
Tl,tDLt + Tig

the linearized equation is given by:

) Wi Ly 4+
PUYY + (Rll),t)il Byt

5 ~d
} +Cip — yl,t:|
1t

~d
t yl,t]

(
~ . N pc C SS Ss R De
b it + - () G ™ |+ [
1
ss SS [ o . ~ .
_ (wl)SS (()L/il) - (T{»Uh) |:7'17th —+ W1t + ll,t — y‘f}t]
1
~ ]_ SS (L SS SS . R ~
biir1 = E — (w1) EYIZ))SS (Tiwf> [letf + Wi+ 1,
ss 55 (. - .
A (o) i+ dig - g
1
S5 (yo)5S )
Py Y, oS5 | ~yo 0 o
()" b s [+ (], ot -t
\ 1 ’
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where the linearized equation for dividends is given by:

(MCy)%®

U e Al49
1— (MCy)sS (A149)

7 ~d
diy = Y10 —

Moreover, we assume that the log-linearized expressions for the fiscal policy rules

concerning the distortive taxes are:
~C CcC A
Tt = YiCry
Awh whbi,
T, = 1""b1 4

Awf fb1
Tt :¢1 blt 4

Al,t = ¢1 dl,t
po
AYo __ Yyopo
T = ¥1 =
GDP
P 1t
The oil revenues are:
OILREV:, = TV9P0,YY, (A150)
the linearized equation is given by:
oilrevy, = 7994+ | =—| +97, — i1, (A151)
) Pd » ) ’
The consumption tax (VAT) revenues are:
CONSTAXREV,; = 11,P[,Cy, (A152)
the linearized equation is given by:
constazrev, ; = et | = +Ciyp — ylt (A153)
1t
The dividends (corporation) tax revenues are:
CORTAXREVy, = 1{,D1, (A154)
the linearized equation is given by:
cortaxrevy; = %ﬁt + czl,t - g)it (A155)

The households National Insurance Contribution revenues are:
NICHTAXREVy, = 1"t Wy, Ly, (A156)
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the linearized equation is given by:

nichtazrev,; = ﬁ”th + Wy + lALt — @f’t
The firms National Insurance Contribution revenues are:

NICFTAXREV,, = 7/ Wy,L1,

the linearized equation is given by:

nicftaxrevy ; = ﬁ“”tf + Wy + Zl,t — g)it
1.1.16 Monetary policy
The linearized expression for the real interest rate is given by:

7271qbt = flf,t - ﬂl,tﬂ == <5‘({,t+1 - 5‘?,1&)
The Taylor rule is:

e =70+ (11 —0) +
(1) [(r57° = 787) + 7" (mie = 757 = W57°) + 7]
where:
iy =Ry, —1
the linearized equation is given by:

N N A ~ core weOTe [ ~core _ —core Yy ~gap
Tt =M1t (1 71) [ﬂ—l,t + 7 (ﬂ—l,t Tt ) TNV }

1.1.17 Monetary Policy (Russia and Saudi Arabia)

The linearized expression for the real interest rate is given by:

Arb __ b ~d _ g g
e =T = TMig1 = — (/\1,t+1 - )‘1,t>
The Taylor rule is:
head —head
o (ﬂ-l,t - )+
S i - i ca head _ =head _ =head
i =147 (1 —20) + (1 —71) | A7 (rpeed — wpeed — pheed) 4

Yy, gap
Y1Yip T+ 7 (7’67”1,1& — ?”67’1#1)

where:
iy =Ry, —1
the linearized equation is given by:

~ head whead (A~ head —head
T tN (7T1,t — T ) +
Yy ngap e 5 5
MY TN (7‘67’1,t — 7“67‘1,t_1)

TA?,t = ’ﬁ'ﬂl),tfl + (1 - 'Vi)
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1.1.18 Remaining Relations

The market clearing condition for the domestic non-oil goods market is:
Y, =Cf, + I + I + GY, + X1y (A168)

the linearized equation is given by:

A cnSS 1955 G5 (Ifd> A X5
d = %cft + %z‘f’t - EY;;SS g+ Vs 4% + Eyiissxl,t (A169)
1 1

The oil demand equation is:

O1y =0, + 05, (A170)

= st gl (A171)
The core price level P’y is given by:
it
Py =Py, (wic gi;ﬁ) o (A172)
1t
the linearized expression is given by:
1 | P wie [ | Po o
) i ﬁ Lt . i pe Lt o

As we can note from expression (A173) the shock to oil intensity enters since it affects
the headline price pft
The inflation of domestic prices is given by:

Pd
nyt = log ( Lt ) (A174)

d
P1,t71

the linearized equation is given by:
ﬁit = ﬁil,t - ﬁit—l (A175)

The inflation of core prices is given by:

e = log (L) (A176)



the linearized equation is given by:

R pne pne R
A e & S
pd pd
Lt 1,t—1
The inflation of headline prices is given by:
PC
head 1,
™5 log ( )
Pry
the linearized equation is given by:
e [E][E]
W?iad = | = - | = + Wilt
) Pd Pd )
Lt Li—1
The equation for aggregate imports is given by:
Pr Py
M Lt = e M f t+ 5 M it
P,
the linearized expression is given by:
58 > i\ SS B
. (M7) r Ny (M) P "y
miy = 55 —_ + ml,t + S5 = + ml,t
(M) P (M) P .

because relative prices are assumed to be 1 in steady state.

The equation for aggregate exports is given by:

G

Xt = o

(Mg, + M;,)

(AL77)

(A178)

(A179)

(A180)

(A181)

(A182)

because country 1 real per capita exports, X;;, and country 2 real per capita imports,

My, are related by the relative population weight, g—2
The linearized expression is given by:
c\SS inSS
(M) (M)
(M3)”" + (M) (M3)”" + (M)

The ratio between total trade balance and gross output is given by:

A

J— s~ C
Tt =

2t

Mgy

PPy
leéil Xig— M+ _Pld't (th — Ol,t)

PLYY, Y,
the linearized equation is given by:
SS 55 0\SS 1 0\SS
05O
Lt = 55t 5511, 55 5591t
(¥1) (¥1) (P)™ (V)
0SS S5 nSS| -
(P55 (0,)%° (P7) [(01) - () } P
- 5SS 5501t — 5SS 5SS ey
(Pr)” (V) (Pr)™" (v1) pe
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The ratio between non-oil goods trade balance and gross output is given by:

bal
Giy Xy — My,

— A186
PLYS Vi, D)
the linearized equation is given by:
ss ss Ss Ss
o (X)) (M) (X)) (M) A187
G = o5 Tt = o =sg e + PN 55 | Yt ( )
(Y1) (Y1) (Y1) (Y1)
1.2 Bilateral Relations
For country 1, the relative import prices can be expressed as follows:
P e, P§, P, PE
1,6 CLtdt2et 2ttt (A188)

d c c d
Py, Pl,t P2,t P,

where e; ; is the nominal exchange rate. Considering that the consumption real exchange

rate is: .
e C
rery; = —LtCQ’t (A189)
Pr,
the linearized expression for (A188) is given by:
pm pc pc
= = TAT‘lt — | = - (A].QO)
pd : pd pd
1.t 2.t 1,t

For country 2, the linearized expression for the relative import prices is given by:

pm pe pe
= = —Té?“lt + | = - | = (Algl)
P ’ P P
2.t 2,t 1.t
The uncovered interest rate parity condition is:
)‘g,t—i—l P2d,t P2c,t+1 . (bb TeT1t+1 Xit-s—l Pld,t Plc,t+1 (A192)
= Q1
)‘g,t P2C7t Pzd,t+1 reryt )‘(11,1& Plc,t Pld,t+1
the linearized equation is given by:
<;\g,t+1 - 5‘%,1&) = (5‘611,t+1 - 5‘?,15) + Cb%{t + Tery e — Teryy (A193)
pe pe pe pe
~ | B B il T | Pa
P 1t P 1,t+1 P 2.t P 2,t+1
The net foreign asset condition is:
€Lt Rg,t Biiy G2 ;
( )b =Bl o+ Sen Py (Mg, + M) (A194)
Lt

— P (M, + Mi,) + Py (Y7, — Oy)
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the linearized equation is given by:
Blb{,tﬂ = b{,t + fll)atl

where: ;
cr el,tBLt

Lt —
tOPLYY

The oil market clearing condition is:

th + 9}/2% = Ol,t + 90%
G G
the linearized equation is given by:
< 0)55 oSS
& (07) " (Y5) o

v o\S55 —s5Y1t T G oss o 95 Y2t
& (Y077 + () S+ (Y)

SS
& (01) . (02)%°
- Ssol,t + ¢

&0 +(0y) 9(0)% +(0n)

SS 02,t

The law of one price for oil is:

the linearized equation is given by:

po

Pl

pe
P

PO

Pd

PC

Pd

=Trery s +
1t

1,¢ 2,t 2t
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1.3 Exogenous Shocks

Table Al: Exogenous Processes

Shocks Stochastic Process
Home Prod. In(Z1y)= (14 pi1 — p51) In(Z14-1) —piq In (Z14-0) +€5,
Foreign Prod. In(Zoy)=(1+ p1 2 p2 2) (ZQ t-1) P1 2 In(Zy1—2) —|—52t
Home Oil Sup. In (Yf’t) = (1 + p p2 1) ( ) p1 ] In ( Lt )
Foreign Oil Sup. In (Y20t) = (1 + % — P 2) ( 2 1) —pi%In ( 2 ) +52t
Home Oil Int. In (Zit) = (1 + pif 1 — P 1) ( Li- 1) —pitIn ( Lie ) +e1%
Foreign Oil Int. In (Zit) = (1 + % p2 2) ( 5t 1) 202 In ( 5t ) +e5%

Home Priv. Cons.
Foreign Priv. Cons.
Home Imp. Pref.
Foreign Imp. Pref.
Home Priv. Inv.

Home Price Mar.

Home Wage Mar.

Home Infl. Target (UK Model)
Home Infl. Target (RU & SA Models)
Home Gov. Cons. Exp.
Home Auth. Gov. Inv. Exp.

In (Z )= Pfcz In (th 1) +52t
(1 + 17— p3 1) In (Zl,tfl) piT In (Z{nt 2) +ei’}
In (Z ) = (1 +p1y — P2,2) ln (Zén,tﬂ) —pis In (Z2t 2) +esy
In ZiAt) = pi1 lAn (Zi,t—l) +51,t
Qj’t: pllj,lqiit—l‘i‘git
911Ut: P7iU1911”t 1 et
TG = PIaT S FET, -
ﬂwtad— ,01 17T1iad1+‘€1t
91 = Pl 1g1t 1+€1t

al = /)1 1“1 4= 1+51t

1.4 Important Definitions

The definition of GDP; ; using Laspeyres index is:

Pd_ Y, — P, OV, + PP, Y?
GDPM _ GDPu,l _ 1,t—111¢ Ol,t—l yl,t 1,to—1 1,to (A201)
Pry Yigr — Py O+ PPy 1YY
the linearized equation is given by:

e} SS SS 0 SS o SS
(1 _(PTODT ()T ) ) (A202)

NETNS NEENNCE

(P () (P ()
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The ratio between nominal GDP and nominal gross output is:

NGDPl,t _ PﬁtO?lJ,t P1O,tY10,t

_ I A203
Pﬁt}/l,t Pfl,t}/i,t Pld,t)/l,t ( )

the linearized equation is given by:

(NGDP)*® | NGDP (A20)
55 55 s
(PO () L PY ],
o SS 0 SS o SS AO
_ <<P1> (OD* (P () ) [P
- 5S 5S 58 S5 o
(P)™ (ve)™ ()™ (V) Py,
(P")SS N>, n (P")SS (oN*
- lt Y1t
(P)™ ()™ (P (vi)™
The equation for the oil price deflated by the GDP deflator is:
NGDPy ;1
Py Plc,;DP Py, Pl BTV GDPiy Yie (A205)
PlG,tDPPf,tA Pl PPy N%DP” GDP1y .y Y

1tY1t

the linearized equation is given by:

0 obs 0 obs
([ 2] e 2] o
Pry P2y

B NGDP NGDP o
— = ]/jdf/ pdf/ - (yl,t - yl,t—l)
L 1,6—1
ﬁ)o_ Do R R
+ P | Ba + gdp1s — gdp1 41
d1t 1,t6—1

The ratio between the total trade balance and nominal GDP is:

Tbal Tbal pd )%
Li Tl fiefle (A207)
NGDP,,  PiY,, NGDP,,

the linearized equation is given by:

~ SS SS

e (P)T (AT
— | = i (A208)
NGDP| , — (NGDP)™ ™

The ratio between the non-oil goods trade balance and nominal GDP is:

Gl{?tl _ 1 X1t B Pl,t M, 4 (A209)
NGDPLt NGDPI 1 )/I,t Pld,t }/l,t

lt 1,t
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the linearized equation is given by:

“ba SS SS
Glal B 1 (X1)%  (P1)” (M) A2L0
NGDp| = _(waepp)sS d\55  (pd\55 (v \SS ( )
1,t 5SS SS (}/1 ) (Pl ) (}/1)
’ (P)”" (1)
NGDP 1 bl
pdy (NGDP)SS Lt

1,t (Pf)SS(Yl)SS

1.5 Observation Equations

In what follows we denote by Xg’t"* the observed data series associated with a given
linearized variable, ;. We start listing the observation equations for country 1.

The observation equation for GDP is:
log (GDP{”QS) —log (GDPﬁl;il) = gdpry — gdpry— (A211)
The observation equation for oil production is:
log (Y1) —log (Y15%1) = 7, — 9811 (A212)

The observation equation for oil imports as a share of nominal GDP is:

obs Ss S8 o
NGDP{)};S (NGDPl)SS (nd)SS (}qd)SS
NGDP pe )
TPy pa|
1t 1t
5S ss

TN (0%, o

7t T NSS 5

The observation equation for the real oil price is:
Plo’t obs Pﬁt—l obs po po
log ([—PﬁDP] ) — log ([—Pﬁmﬂ = T . — BaDP . (A214)

The observation equation for non-oil imports as a share of nominal GDP is:

NONOIL IMPPy  (PH)* (M,)* (NGDP,)®

- A215
NGDPﬁl;s (Pfl)ss (led)SS (Pld)ss (led)SS ( )
s . |NGDP
1t — Y1t —[f)df/ 5

35



The observation equation for non-oil exports as a share of nominal GDP is:

NONOIL EXPy  (P)™ (x))* (NGDP)*

= = (A216)
NGDPI,?E (Pld) SS (3/10!) SS (Pld)SS (}/ld)SS
L NGDP
T1g — — —
Lt — YLt Py
1,t
The observation equation for the real exchange rate is:
rery’y =réry, (A217)
The observation equation for consumption as a share of nominal GDP is:
CONSY  (Pp)™(C)* (NGDP)*® (A218)
NGDPlO’I;S (Pld)SS (}qd>SS (Pld) SS (Y-ld)SS
- pe NGDP
Cipt | Yt | =
’ d ’ d
P 1,t Py 1t

The observation equation for total gross fixed capital formation as a share of nominal
GDP is:

INVEE _ (P)™ ()% (NGDR)™ A2L9
NGDPObS - d SS d SS d SS d SS ( )
)T 0T ) )
. P ) NGDP
11+ P — Y1t — W
1t 1t
For the UK model, the observation equation for core price inflation is:

T = i (A220)

For Russia and Saudi Arabia models, the observation equation for headline price inflation

is:
pradobe _ e (a221)
The observation equation for wage inflation is:
Wi = Qg (A222)

The observation equation for nominal interest rate is:
e =it (A223)
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The observation equation for government debt as share of nominal GDP is:

GOV DEBT? (PO ()™,
= Y (A224)
NGDPE (NGDPy)

The observation equation for government investment as share of nominal GDP is:

GOV INVer  (PH™ ()™
- = 51y (A225)
NGDP? (NGDP,)

For country 2 the observation equations are the following.

The observation equation for GDP is:
log (GDP;I;S) — log (GDP;};S_l) = gcipg,t — gdApZt_l (A226)
The observation equation for oil production is:
log (¥5;*) —log (Y527) = 95, — 95,1 (A227)
1.6 Decomposition of the Marginal Costs

As we derived above, from the profit maximization problem of firms producing

intermediate domestic goods we have that:

. s (K e
¢y = (wy) (M ) (A228)

k + 5\
g _ Ty A229
1 V1 SS (A229)

¢l = (wi)lﬁ;’f (ELl) )Hpij (A230)

Vi

with: ¢F + ¢! =1
and: 0 < ¢ < 1

Thus, recasting (A228)-(A230):

1
o — ot ( shareky, >1+Pi’

whsharevy,

1

o9 — ko sharekgy; \ o1
! b\ whsharevy,

1

o — ol sharely, '\ i

1 — %1 1

wi sharevy,
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with: ¢f + ¢} =1

and: 0 < ¢} < 1

The marginal products of oil, capital and labour are respectively:

(]

P1

mpoy 4 = 1+ 0 (@u - éllJ,t - 2&) + ﬁit
1
. Py N . Pl (A A
mpky; = — U14) + 014 — ki )
PRt 1100 (yl,t 1,t) 1+ 0 1,t 1,6—1
. 2R . Py . .
mpk? , = —U14) + (v — K, )
PR =15 (10 — D14 Tt o 0t = K
. . .
mpll,t = 1 —i—lpo (yl,t — Ul,t)
1
s (el =) 42
U1 — by — 2 +z
T+ 1Lt — it 1t 1t

PO
= = MmcC1y + Mpoyy (A231)
pd ’ ’
1,t
iy =mér, + mpky (A232)
Py = mér, + mpk], (A233)
Wy =mey + mply (A234)

Multiplying equation (A231) by wi?, equation (A232) by w;¢¥, equation (A233) by
w™ ¢t and equation (A234) by w?? (1 — ¢f), and summing up these three equations we
have that:

po

~

A _ Oy A
meiy = wy — MPo 4

1,t
+wy Yo} (PT, — mpkiy)

+ Vot (o5 - mokt, )
+wi? (1= @) (e — mplyy)

where: o + w6+ (1= 61) + = 1

and: 0 < wYol <1
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1.7 Calibrated Parameters

As we explained in the main body of the paper, some of the parameter values are taken
from observed data means. In what follows we describe the relative expressions associated
with these values.

The share of nominal oil demand on nominal gross output is:

shareoy; = <P10)zz (01)21 = <OI)ZZ (A235)
(P ()™ ()

because the real price of oil is assumed to be 1 in steady state.

The ratio between oil used in production and oil used in consumption is:

NSS Yy SS y\SS
ratiooyoc,; = (Pl)SS<Ol)SS = <Ol)ss (A236)
(Pf)™ (0 (0

The share of investment on gross output is:

(]fl) SS
shareiy; = (A237)
(}/ld)SS
The share of government spending on gross output is:
(Gcll) SS
sharegy, = ~— == (A238)
(}Gd) SS
The share of investment government spending on gross output is:
Ilgd> SS
shareigy; = ~— == (A239)
(}/ld) SS
The ratio between oil production and oil demand is:
. ()™
ratioyoo; = —-—z (A240)
(OI)SS
The share of imports on gross output is:
MOS8
sharemy, = % (A241)
()
The ratio between imports of investment goods and imports of consumption goods is:
I\ SS
: (M)
ratioyoo, = —— = (A242)
(M7)

Finally, we assume that the weight of labour in the value added production function is:
wh=1 (A243)
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1.8 Composite Parameters

Given the parameter values taken from observed data means and the expressions listed

above, we can derive the remaining parameters as follows.

The share of hours worked is:
L

labsharel = m

The weight of oil input in the overall output production function is:

= shareoyy,

vy _ oy _ _
wy” =1 —w)” = ——== = sharevy,

The real rental rate in steady state is:

1
(M) = — — 144,

b
The share of capital on gross output is:
)% 1
# = 5—15ha7“eiy1 = shareky,

The weight of capital in the value added production function is:

1+p7

shareiy,

o (L) "
w = — _— _—
Los \ gy ! sharevy,

The weight of government capital in the value added production function is:
Wi =1 —wh

The share of government capital on gross output is:

Kg SS 1 .
—EYZ;SS = 5—§sha7“ezgy1 = sharekgy,
1

The share of labour on gross output is:

(LI)SS k k\SS _ﬁ o
(Yd) o5 = sharevy; | 1 —wy ((7’1) ) = sharely,
1
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The share of nominal consumption on nominal gross output is:

(RF 0™ | (P EDT (P (E)T
P (v P (v PR (v
(Pr)™" (v1) Pd(ss )]gd(ss) (SS) (SS)
e () o
(Pld)SS (led)SS Pld)SS (led)SS
()T on*
(Pld)SS (Y,ld)SS
= sharecy,

that is:
sharecy; = 1 — shareiy, — sharegy, — shareigy, + shareyoy, — shareoyy,

The weights of oil in the production of consumption goods is:

Wi = = shareocc,

where:
shareoy, — shareoyy;

shareocc; =
sharecy,

The weight of non-oil in the production of consumption goods is:
(c1)™
(Cl)SS

The weight of domestic goods in the production of consumption goods is:

cc __ ¢ __
wi =1—-wi" =

E
W =1—hne = 21 o5 = sharecden,
(C1°)
The weight of imported goods in the production of consumption goods is:
MEVSS
wi' = (<C”1€))SS = sharemccn,
1
where:
sharemy; 1
sharemecen, =

sharecy; - sharecncy 1 4+ ratiomime,

The weight of domestic goods in the production of investment goods is:

i __ mi __
w; =1—-wi"=
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The weight of imported goods in the production of investment goods is:

A Mi SS
= ((I 1>>SS = sharemiiy
1

where:
sharemy; ratiomimc,

sharemii; = - —
shareiy; 1+ ratiomimc

The share of exports on gross output of country 1 is:
(P> ()™ (P
(Pld)ss (Yld)ss (Pld)SS (Y1d 55
(FY)

= sharexy;

or:

sharexy, = sharemy;, + shareoy, — shareyoy,

The share of exports on gross output of country 2 is:

(X2) <M2>Ss—<<01>55 <Yf>ss) (7)™ 1
(YQd)SS (3/2(1)55

or:

sharexys = sharemy, — (shareoy, — shareyoy;)

~—

The share of imports on gross output of country 2 is:
(P1)™ ()™ ()% (04 = v2)*
(Pld) SS (}/ld) SS (Pld) SS (}/ld) SS
_ (el)SS (PQd)SS (MQ)SS (Pgd)ss (Y-2d)SSC2
(PQd) SS (}/Qd) SS (Pld)SS (}/id) SS

= sharemys

or: Ss
) 1
(YQd)SS 5

The ratio between nominal GDP and nominal gross output is:

sharemys = (sharemy, + (shareoy, — shareyoy,))

—_

)@d)ssg

(NGDR)™ (P70 ()T ()™
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or:

sharengdpny, = 1 — shareoyy, + shareyoy,

The ratio between gross outputs of country 1 and 2 is:

(Yld)ss _ sharely; (Ly)°°

(de)ss  sharely (Ly)°®

The share in world oil production for country 2 is:

= shareoprods

or:

shareyo
shareoprody = Yoy

4\55
1

g—;shareyoylu + shareyoys

(YQd)SS

The share in world oil consumption for country 2 is:

(OQ)SS
5SS SS
% (01)”" +(02)
(02)55
B (Y2d>SS
a0 ()™ (09Ss
<2 (Yld)SS (de)SS (Y2d)SS
= shareoconss
or:
h
shareoconss = i ajesng
Y,
g—;shareoyl% + shareoys,

(¥)
The overall oil production as share of gross output is:
()™ ()™ (0™

= = shareyo
(Y'ld)SS (055 (Yld)ss Yoy

or:

shareyoy, = ratioyoo; - shareoy,
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The real wage in steady state is:

MC SS ra )
R ————CLL {(wi’ywi’y)wf (wr (cbi)lm)}

S5 NEE
1+ (T{” ! ) ()
The ratio between real dividends and gross output is:

(dl)SS , (MCI)SS

(}/vld)SS - (Pld)SS
where:
1
MC SS _
SRR
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2 Appendix B: Data Construction and Sources

As we described in the main body of the paper, the data is quarterly and the model is
estimated for the sample period 1996:QQ1-2014:Q4 with a pre-sample 1995:Q1-1995:QQ4.
Here, we provide the sources and construction methods of the observed series. Unless
otherwise noted, all original series are seasonally adjusted while some annual series below
were converted to quarterly frequency using the Denton method (see, Di Fonzo and

Marini, 2012).

2.1 UK Model

UK GDP. The UK GDP is the log of real UK GDP (code ABMI in ONS Quarterly
National Accounts).

Foreign GDP. The foreign GDP is the log of trade-weighted foreign GDP. The
data series for real GDPs of the foreign countries are taken from the OECD - Quarterly
National Accounts. The countries are: the European Union, the United States,
Switzerland, Japan, Norway and Canada. These are the most important trading partners
of the United Kingdom for the period considered. We follow the paper of Loretan (2005)
to construct the relative imports/exports weights.

UK crude oil production. The UK crude oil production is the log of the UK crude
oil production taken from US Energy Information Administration - Monthly Energy
Review - Table 11.1b.

Foreign crude oil production. The foreign crude oil production is the log of foreign
crude oil production (calculated as world production net of UK production) taken from
US Energy Information Administration - Monthly Energy Review - Table 11.1b.

Real oil price. The real oil price is the log of the Crude Oil Imported Acquisition
Cost by Refiners from the US Energy Information Administration converted from US
dollars to Sterling Pounds using the Quarterly average Spot Exchange Rate US$ into
Sterling (code XUQAUSS in Bank of England Statistical Interactive Database) and
deflated by the UK GDP deflator (code YBGB in ONS Quarterly National Accounts).

UK real effective exchange rate. The UK real effective exchange rate is the log
of the Real Effective Exchange Rate for the Overall Economy (Index 2010) taken from
the OECD Main Economic Indicators database.

UK private consumption expenditure. The UK private consumption

expenditure is the Household Final Consumption Expenditure at market prices (code
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ABJQ in ONS Quarterly National Accounts) and it is expressed as a share of UK GDP
at Market Prices (code YBHA in ONS Quarterly National Accounts).

UK private total gross fixed capital formation. The UK private total gross
fixed capital formation is the total gross fixed capital formation at market prices (code
NPQS in ONS Quarterly National Accounts) and it is expressed as a share of UK GDP
at Market Prices (code YBHA in ONS Quarterly National Accounts).

UK oil imports. The UK oil imports are the Crude Oil Imports (Table 3.1.1 in
DUKES- UK DECC). Data at yearly frequency disaggregated into quarterly frequency,
expressed as a share of UK GDP using the UK GDP at Market Prices (code YBHA in
ONS Quarterly National Accounts).

UK non-oil goods imports. The UK non-oil goods imports are the Goods Imports
at market prices (code BOKH in ONS Quarterly National Accounts) minus the UK oil
imports, expressed as a share of UK GDP using the UK GDP at Market Prices (code
YBHA in ONS Quarterly National Accounts).

UK non-oil goods exports. The UK non-oil goods exports are the Goods Exports
at market prices (code BOKG in ONS Quarterly National Accounts) minus the UK oil
exports, expressed as share of UK GDP using the UK GDP at Market Prices (code YBHA
in ONS Quarterly National Accounts).

UK core inflation. The UK core inflation is the log change in the Consumer Price
Index: All Items Excluding Food and Energy, Index 2010=100 and NSA (Organisation
for Economic Co-operation and Development, Code: GBRCPICORMINMEI, retrieved
from FRED, Federal Reserve Bank of St. Louis). The series is seasonally adjusted.

UK wage inflation. The UK wage inflation obtained from the log change in UK
Total Compensation of Employees at Current Prices (Code DTWM in ONS - UK Output,
Income and Expenditure Tables; and LE2G in ONS - LFS).

UK nominal interest rate. The UK nominal interest rate is the Bank Of England
- Quarterly average rate of discount - 3 month Treasury bills (Code ITUQAAJNB in Bank
of England Statistical Interactive Database).

UK government debt. The UK government debt is Public Sector Finances - Net
Debt at Current Prices and NSA (code RUTN in ONS Public Sector Finances). This
series is seasonally adjusted and expressed as a share of UK GDP at Market Prices (code
YBHA in ONS Quarterly National Accounts).

UK public total gross fixed capital formation. The UK public total gross fixed
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capital formation is the Central Government Total Gross Fixed Capital Formation at
market prices (code RNCZ in ONS Quarterly National Accounts) and it is expressed as a
share of UK GDP at Market Prices (code YBHA in ONS Quarterly National Accounts).

2.2 Russia Model

Russian GDP. The Russian GDP is the log of Gross Domestic Product at constant
prices (World Economic Outlook - October 2017 Database).

Foreign GDP. The foreign GDP is the log of trade-weighted foreign GDP. The
data series for real GDPs of the foreign countries are taken from the OECD - Quarterly
National Accounts. The countries are: the European Union, the United States, Japan
and Turkey. These are the most important trading partners of Saudi Arabia for the
period considered. We follow Loretan (2005) to construct the relative imports/exports
weights.

Russian crude oil production. The Russian crude oil production is the log of
the Russian crude oil production taken from US Energy Information Administration -
Monthly Energy Review - Table 11.1b.

Foreign crude oil production. The foreign crude oil production is the log of foreign
crude oil production (calculated as world production net of Russian production) taken
from US Energy Information Administration - Monthly Energy Review - Table 11.1b.

Real oil price. The real oil price is the log of the Crude Oil Imported Acquisition
Cost by Refiners from the US Energy Information Administration converted from US
dollars to Russian Rubles using the Spot Exchange Rate for the Russian Federation,
US Dollar per National Currency provided by OECD (CCUSSP02RUMG650N, retrieved
from FRED, Federal Reserve Bank of St. Louis) and deflated by the Russian GDP
deflator. The GDP deflator was obtained from the World Economic Outlook - October
2017 Database.

Russia real effective exchange rate. The Russian real effective exchange rate is
the log of the Real Effective Exchange Rate, CPI based (Code: RECZF in International
Financial Statistics - IMF).

Russian private consumption expenditure. The Russian private consumption
expenditure is the Private Final Consumption at constant prices (World Economic
Outlook - October 2017 Database) and is expressed as a share of Russian GDP at constant
prices (World Economic Outlook - October 2017 Database).
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Russian total gross fixed capital formation. The Russian private gross fixed
capital formation is the Private Gross Fixed Capital Formation at constant prices (World
Economic Outlook - October 2017 Database) and is expressed as a share of Russian GDP
at constant prices (World Economic Outlook - October 2017 Database).

Russian total oil demand. The Russian total oil demand is the log of Total
Oil Demand taken from the IEA - World Oil Statistics. Data at yearly frequency
disaggregated into quarterly frequency.

Russian non-oil goods imports. The Russian non-oil goods imports is the Value
of Non-Oil Imports at current prices (World Economic Outlook - October 2017 Database)
and it is expressed as a share of Russian GDP at current prices (World Economic Outlook
- October 2017 Database). Data at yearly frequency were disaggregated into quarterly
frequency.

Russian non-oil goods exports. The Russian non-oil goods exports is the Value of
Non-Oil Exports at current prices (World Economic Outlook - October 2017 Database)
and it is expressed as a share of Russian GDP at current prices (World Economic Outlook
- October 2017 Database). Data at yearly frequency were disaggregated into quarterly
frequency.

Russian headline inflation. The Russian headline inflation is the log change in the
Consumer Price Index (1997=100) period average (World Economic Outlook - October
2017 Database). Data at yearly frequency were disaggregated into quarterly frequency.

Russian wage inflation. The Russian wage inflation was obtained from the Average
Monthly Accrued Wages (taken from ROSSTAT). This series is seasonally adjusted.
Before 2010 we applied the growth rate of the GDP deflator to obtain the series backward.

Russian nominal interest rate. The Russian nominal interest rate is the Short-
Term Deposit Rate (World Economic Outlook - October 2017 Database). Data at yearly
frequency were disaggregated into quarterly frequency.

Russian government debt. The Russian government debt is the General
Government Gross Debt as % of GDP (World Economic Outlook - October 2017
Database). Data at yearly frequency were disaggregated into quarterly frequency.

Russian public gross fixed capital formation. The Russian public gross fixed
capital formation is the Public Gross Fixed Capital Formation at current prices (World
Economic Outlook - October 2017 Database) and it is expressed as a share of Russian

GDP at current prices (World Economic Outlook - October 2017 Database). Data at
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yearly frequency were disaggregated into quarterly frequency.

2.3 Saudi Arabia Model

Saudi Arabia GDP. The Saudi Arabia GDP is the log of Gross Domestic Product
at constant prices (World Economic Outlook - October 2017 Database). Data at yearly
frequency disaggregated into quarterly frequency.

Foreign GDP. The foreign GDP is the log of trade-weighted foreign GDP. The
data series for real GDPs of the foreign countries are taken from the OECD - Quarterly
National Accounts. The countries are: the European Union, the United States, Japan,
Korea and India. These are the most important trading partners of Saudi Arabia for the
period considered. We follow Loretan (2005) to construct the relative imports/exports
weights.

Saudi Arabia crude oil production. The Saudi Arabia crude oil production is
the log of the Saudi Arabia crude oil production taken from US Energy Information
Administration - Monthly Energy Review - Table 11.1b.

Foreign crude oil production. The foreign crude oil production is the log of foreign
crude oil production (calculated as world production net of Saudi Arabia production)
taken from US Energy Information Administration - Monthly Energy Review - Table
11.1b.

Real oil price. The real oil price is the log of the Crude Oil Imported Acquisition
Cost by Refiners from the US Energy Information Administration converted from US
dollars to Saudi Riyal using the Quarterly Average Spot Exchange Rate, US$ into Saudi
Riyal (code XUQASRD in Bank of England Statistical Interactive Database) and deflated
by the Saudi Arabia GDP deflator. The GDP deflator was obtained as Nominal GDP /
Real GDP (both taken from World Economic Outlook - October 2017 Database). The
GDP deflator at yearly frequency was disaggregated into quarterly frequency.

Saudi Arabia real effective exchange rate. The Saudi Arabia real effective
exchange rate is the log of the Real Effective Exchange Rate, CPI based (International
Financial Statistics - IMF).

Saudi Arabia private consumption expenditure. The Saudi Arabia private
consumption expenditure is the Private Final Consumption at current prices (World
Economic Outlook - October 2017 Database) and it is expressed as a share of Saudi

Arabia GDP at current prices (World Economic Outlook - October 2017 Database).
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Data at yearly frequency were disaggregated into quarterly frequency.

Saudi Arabia private gross fixed capital formation. The Saudi Arabia private
gross fixed capital formation is the Private Gross Fixed Capital Formation at current
prices (World Economic Outlook - October 2017 Database) and it is expressed as a
share of Saudi Arabia GDP at current prices (World Economic Outlook - October 2017
Database). Data at yearly frequency were disaggregated into quarterly frequency.

Saudi Arabia total oil demand. The Saudi Arabia total oil demand is the log of
Total Oil Demand taken from the IEA - World Oil Statistics. Data at yearly frequency
disaggregated into quarterly frequency.

Saudi Arabia non-oil goods imports. The Saudi Arabia non-oil goods imports
is the Value of Non-Oil Imports at current prices (World Economic Outlook - October
2017 Database) and it is expressed as a share of Saudi Arabia GDP at current prices
(World Economic Outlook - October 2017 Database). Data at yearly frequency were
disaggregated into quarterly frequency.

Saudi Arabia non-oil goods exports. The Saudi Arabia non-oil goods exports
is the Value of Non-Oil Exports at current prices (World Economic Outlook - October
2017 Database) and it is expressed as a share of Saudi Arabia GDP at current prices
(World Economic Outlook - October 2017 Database). Data at yearly frequency were
disaggregated into quarterly frequency.

Saudi Arabia headline inflation. The Saudi Arabia headline inflation is the
log change in the Consumer Price Index (1997=100) period average (World Economic
Outlook - October 2017 Database). Data at yearly frequency were disaggregated into
quarterly frequency.

Saudi Arabia wage inflation. The Saudi Arabia wage inflation obtained from
the log change in Saudi Total Compensation of Employees at Current Prices (Total
compensation of employees in IMF - World Economic Outlook - October 2017 Database;
and Total Employed in IMF World Economic Outlook - October 2017 Database). Before
2012 we applied growth rate of GDP Deflator to obtain the series total compensation of
employees. Data at yearly frequency were disaggregated into quarterly frequency.

Saudi Arabia nominal interest rate. The Saudi Arabia nominal interest rate is
the Short-Term Deposit Rate (World Economic Outlook - October 2017 Database). Data
at yearly frequency were disaggregated into quarterly frequency.

Saudi Arabia government debt. The Saudi Arabia government debt is General
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Government Gross Debt at current prices (World Economic Outlook - October 2017
Database) and it is expressed as a share of Saudi Arabia GDP at current prices
(World Economic Outlook - October 2017 Database). Data at yearly frequency were
disaggregated into quarterly frequency.

Saudi Arabia public gross fixed capital formation. The Saudi Arabia public
gross fixed capital formation is the Public Gross Fixed Capital Formation at current prices
(World Economic Outlook - October 2017 Database) and it is expressed as a share of
Saudi Arabia GDP at current prices (World Economic Outlook - October 2017 Database).

Data at yearly frequency were disaggregated into quarterly frequency.
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3 Appendix C: Construction of the Tax Rates and
Data Sources

This appendix describes the construction of the tax rates for the UK, Russian and Saudi

economies and their related, additional data sources.

3.1 UK Model

We consider the sample period 1997-2014 and have collected all data series in nominal
values.
Consumption Tax Revenues. The consumption tax revenues, 77, are VAT
revenues (code NZGF in ONS Public Sector Finances - Table PSF3D).
Consumption Tax Rate. The average consumption tax rate is defined as:
2

cSS:
" =T

T

(C1)

Labour Income Tax Revenues. The labour income tax revenues, T}, include self
assessed income tax, paye IT, other income tax and miscellaneous revenues (codes LIBS,
MS6W, MF6X, and MF6Z in ONS Public Sector Finances - Table PSF3D).

Labour Income Tax Rate. The average labour income tax rate is defined as:

l
nss _ 11
()" = 7eR

(C2)

where TC'E} is the total compensation of employees (code DWTM in ONS UK Economic
Accounts).

Social Security Tax Revenues (of Households and Firms). The social
security tax revenues (of households and firms), 77", are National Insurance Contributions
revenues (code AITH in ONS Public Sector Finances - Table PSF3D).

Social Security Tax Rates (of Households and Firms). As described in the
main text, we assume the same tax rates for social security tax paid by households,
(T{”h)SS, and firms, <T{” ! > SS. The average social security tax rates paid by households

and firms are defined as:

wh\ 9SS o wf 55 _ le
(") = (71 ) = TCE, (C3)

Fuel Duty Tax Revenues. The fuel duty tax revenues, 77¢, are Fuel Duty revenues

(code CUDG in ONS Public Sector Finances - Table PSF3D).
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Fuel Duty Tax Rate. The average fuel duty tax rate is defined as:

_T7e)2
- AFR;

(7)™

(C4)

where AF'R; is the series of total retail sales of automotive fuel (code IZ57 in ONS Retail
Sales - Table ValSAT). As per numerator of (C4), we use the share of the automotive
sector fuel consumption as share of total petroleum refined products (that is about 50%).
Corporation Tax Revenues. The corporation tax revenues, T, are Corporation
Tax revenues (code ACCD in ONS Public Sector Finances - Table PSF3D).
Corporation Tax Rate. The average corporation tax rate is defined as:

ss Td — T

where T 1d Y% is the series of Total Corporation Tax coming from UK oil production (in ONS
Statistics of Government Revenues from UK Oil and Gas Production - Table T11.11)
and GOSCY is the series of gross operating surplus of corporations (code CGBY in ONS
UK Economic Accounts) excluding the share of gross operating surplus of corporations
involved in oil production.

Petroleum Revenue Tax Revenues. The petroleum revenue tax revenues, 777,
are Petroleum Revenue Tax revenues (code ACCJ in ONS Public Sector Finances - Table
PSF3D).

Petroleum Revenue Tax Rate. The average petroleum revenue tax rate is defined

as: i
T+ T 4 RY
B RCOS,

where RY’ is the series of Royalties coming from UK oil production (in ONS Statistics of

Government Revenues from UK Oil and Gas Production - Table T11.11) and RCOS; is

(Tiy())SS

(C6)

the series of revenue from crude oil sales (Table 4 in Scottish National Account Project

- Oil and Gas Statistics).

3.2 Russia Model

Only constructed and estimated tax rates are shown below. All the other tax rates are
shown in Table 2 in the main body of the paper.

Corporation Tax Revenues. The corporation tax revenues, 7%, are revenues from
Taxes on Income, Profits, and Capital Gains (World Economic Outlook - October 2017
Database).
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Corporation Tax Rate. The average corporation tax rate is defined as:

_ T
~ GOSC,

(rH)*® (C7)

where GOSC] is the series of gross operating surplus of firms (for 2010-2014, data are
taken from ROSSTAT whereas, for the previous period, the series is obtained applying
the growth rate of nominal GDP).
Petroleum Revenue Tax Revenues. The petroleum revenue tax revenues, 777,
are Commodity-Related Revenues (World Economic Outlook - October 2017 Database).
Petroleum Revenue Tax Rate. The average petroleum revenue tax rate is defined

as:
Yo
Tl

~ OIL GDP,
where OIL GDP is estimated from the Russian total oil production (data taken from

the IEA - World Oil Statistics).

(leO)SS

(C8)

3.3 Saudi Arabia Model

We use the sample period 1995-2014 and have collected all data series in nominal values.
Consumption Tax Revenues. The consumption tax revenues, 77, are revenues
form Taxes Goods & Services (World Economic Outlook - October 2017 Database).

Consumption Tax Rate. The average consumption tax rate is defined as:

oss  If
e (C9)

Social Security Tax Revenues (of Households and Firms). The social security
tax revenues (of households and firms), 77", are revenues from Social Benefits (World
Economic Outlook - October 2017 Database).

Households Social Security Tax Rate. The average households social security

tax rate is defined as:
(Twh)ss _ le - Tiwf
! TCE,

where T1*/ is Social Security Benefits (World Economic Outlook - October 2017 Database)

(C10)

TCFE is the total compensation of employees.
Firms Social Security Tax Rate. The average firm social security tax rate is

defined as:

(T;”f)ss — % (C11)
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Corporation Tax Revenues. The corporation tax revenues, T, are revenues from
Taxes on Income, Profits, and Capital Gains (World Economic Outlook - October 2017
Database).

Corporation Tax Rate. The average corporation tax rate is defined as:

-

— 12
K GOSC, (C12)

where GOSC) is the series of gross operating surplus of firms (for 2012-2014, data are
taken from the Saudi Arabian Monetary Authority whereas, for the previous period, the
series is obtained applying the growth rate of nominal GDP).
Petroleum Revenue Tax Revenues. The petroleum revenue tax revenues, 777,
are Commodity-Related Revenues (World Economic Outlook - October 2017 Database).
Petroleum Revenue Tax Rate. The average petroleum revenue tax rate is defined

as:
Yo
Tl

~ OIL GDP,
where OIL GDP, is the oil GDP (World Economic Outlook - October 2017 Database).

(7_13/0)55

(C13)
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4 Appendix D: Parameters Values

4.1 UK Model
4.1.1 Average Ratios for the UK Economy

Unless otherwise noted, the average ratios are computed for the period 1995-2014.
The UK oil share to nominal gross output is defined as:

GVA—GVA excl Oil and Gas
GV A

where GV A is the total gross value added at basic prices (Code ABMM in ONS) and

(D1)

shareoy =

GV A excl Oil and Gas is the gross value added excluding oil and gas at basic prices
(Code KLS2 in ONS). Due to data availability issues, for these two series, the sample
period is 1997-2014.

The ratio between oil used in production and oil used in consumption is defined as:

O
ratiooyoc = — (D2)

Oc
where OY is the total supply of products at purchasers’ prices of coke and refined
petroleum products (taken from ONS Input-Output Tables). O¢ is the households final
consumption expenditure of coke and refined petroleum products (taken ONS Input-
Output Tables).
The share of investment to GDP is defined as:
shareiy = l (D3)
Y
where [ is the real total gross fixed capital formation (Code NPQT in ONS) and Y is
the real gross domestic product (Code ABMI in ONS).

The share of consumption government spending to GDP is defined as:

sharegy = g (D4)

where G is the real general government final consumption expenditure (Code NMRY in
ONS).
The share of investment government spending to GDP is defined as:
19

shareigy, = % (D5)

where IY is the central government total gross fixed capital formation at current prices
(Code RNCZ in ONS) and Y is the GDP at current prices (code YBHA in ONS Quarterly
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National Accounts). Note that, due to data availability issues, to obtain this ratio we
had to use nominal varariables.
The ratio of oil production to oil demand is defined as:
o

t = — D6
ratioyoo = — (D6)

where Y is the crude oil production of the United Kingdom (taken from the US Energy
Information Administration - Monthly Energy Review - Table 11.1b) and O is the
petroleum consumption of United Kingdom (taken from the US Energy Information
Administration - Monthly Energy Review - Table 11.2).

The share of imports to GDP is defined as:

M
sharemy = v (D7)

where M are the real imports of goods and services (Code IKBL in ONS).
The ratio of imports of investment goods to imports of consumption goods is defined

as:
7

Me
where M* are total imports of services (Code IKBC in ONS) and M€ are total imports
of goods (Code IKBI in ONS).

Finally, (; is the average between total oil production and consumption of the UK

(IEA - World Oil Statistics).

ratioyoo = (D8)

4.1.2 Average Ratios for the Foreign Bloc

In order to aggregate data for the foreign bloc we use the Loretan (2005) technique. In
particular, we proceed as follows. Firstly, from the Direction of Trade Statistics database
of the International Monetary Fund we compute the average of imports/exports between
the UK and foreign countries for the period 1995-2014. Secondly, we select the major UK
trading partners. Specifically, they are the European Union, the United States, China,
Switzerland, Japan, Norway and Canada. The average of imports/exports of the UK
with this group of countries corresponds to the 80% of total UK trade. Thirdly, we
compute the average ratios for the foreign bloc by aggregating their data series through
the weighted average for the period 1995-2014.

Unless otherwise noted, the average ratios are computed for the period 1995-2014.
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Due to data inavailability the construction of the foreign oil share only considers the
European Union and the United States. The European Union and the US oil shares on

their nominal gross outputs are defined as:

Petroleum Items Exp

GDP

shareoy = (D9)

For the Europaen Union, Petroleum Items FExp is the sum of crude petroleum
and natural gas expenditures and coke, refined petroleum products and nuclear fuels
expenditures (taken from Eurostat Input-Output Tables). GDP is the nominal gross
domestic product (taken from the Eurostat interactive database).

For the US, Petroleum Items Ezp is the sum of natural gas expenditures and
petroleum expenditures (taken from the Annual Energy Outlook of US EIA). GDP is
the nominal gross domestic product (taken from FRED).

Again, due to data inavailability, the construction of the foreign oil share considers
only the European Union and the United States. The ratio between oil used in production

and oil used in consumption is defined as:

v
ratiooyoc = o (D10)

Oc
For the European Union, OY is the total use at basic price of coke, refined petroleum
products and nuclear fuel (taken from the Eurostat Input-Output Tables). O€ is the final
consumption expenditure at basic price of coke, refined petroleum products and nuclear
fuel (taken from the Eurostat Input-Output Tables). Due to data availability issues of
these two series we consider only the sample period 2000-2014.

For the US, OV is the total commodity output of petroleum and coal products
(taken from the Bureau of Economic Analysis Input-Output Tables). O° is the personal
consumption expenditures of petroleum and coal products (taken from Bureau of
Economic Analysis Input-Output Tables). Due to the availability issues of these two
series we consider the sample period 1998-2014.

The share of investment to GDP for foreign countries is defined as:
harei ! (D11)
shareiy = —
YTy

For the European Union, the United States, Switzerland, Japan, Norway and Canada, I
is the gross fixed capital formation (taken from OECD - Quarterly National Accounts)
whereas Y is the gross domestic product (taken from OECD - Quarterly National

Accounts).
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For China (sample period 1998-2014) I is the gross fixed capital formation (Code
93E.ZF in International Financial Statistics - IMF) whereas Y is the gross domestic
product (Code 99B.ZF in International Financial Statistics - IMF).

The share of government spending to GDP for foreign countries is defined as:

sharegy = g (D12)

For the European Union, the United States, Switzerland, Japan, Norway and Canada, GG
is the general government final consumption expenditure (taken from OECD - Quarterly
National Accounts) whereas Y is the gross domestic product (taken from OECD -
Quarterly National Accounts).

For China (sample period 1998-2014), G is the government consumption expenditure
(Code 91F.ZF in International Financial Statistics - IMF) whereas Y is the gross domestic
product (Code 99B.ZF in International Financial Statistics - IMF).

The ratio between oil production and oil demand for theforeign bloc is defined as:

ratioyoo = 60 (D13)
For the European Union, the United States, China, Switzerland, Japan, Norway
and Canada, Y is petroleum production (taken from the US Energy Information
Administration - International Energy Statistics) whereas O is the petroleum
consumption (taken from the US Energy Information Administration - International
Energy Statistics).

The ratio of imports of investment goods to imports of consumption goods for the

foreign bloc is defined as: .

Mc
For the European Union, the United States, Switzerland, Japan, Norway and Canada,

(D14)

ratioyoo =

M is the series of imports of goods (taken from OECD - Quarterly National Accounts)
whereas M€ is the series of imports of services (taken from OECD - Quarterly National
Accounts).

Finally, (, is the average of total oil production to consumption of the rest of the

world minus the UK (IEA - World Oil Statistics).

4.2 Russia Model

4.2.1 Average Ratios for the Russian Economy

Unless otherwise noted, the average ratios are computed for the period 1995-2014.
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The Russian oil share to nominal gross output is defined as:

OIL GDP
Total GDP

where OIL GDP is estimated from Russian total oil production (data taken from the
IEA - World Oil Statistics) and Total GDP is the Gross Domestic Product at constant
prices (World Economic Outlook - October 2017 Database).

shareoy =

(D15)

The ratio of oil used in production to oil used in consumption is defined as:

O
ratiooyoc = — (D16)

Oc

where OY and O° are estimated from the Russian total oil production and demand (data
taken from the IEA - World Oil Statistics).
The share of investment to GDP is defined as:

I
shareiy = v (D17)

where I is the Gross Fixed Capital Formation at constant prices (World Economic
Outlook - October 2017 Database) and Y is Gross Domestic Product at constant prices
(World Economic Outlook - October 2017 Database).

The share of government spending to GDP is defined as:

sharegy = g (D18)

where G is Final Public Consumption Expenditure at constant prices (World Economic
Outlook - October 2017 Database).
The share of investment government spending to GDP is defined as:
19

shareigy, = v (D19)

where 19 is the Public Gross fixed capital formation at constant prices (World Economic
Outlook - October 2017 Database).

The ratio of oil production to oil demand is defined as:

o

1) = — D20
ratioyoo = - (D20)

where Y is the oil production of Russia (taken from the taken from the IEA - World
Oil Statistics) and O is the oil demand of Russia (taken from the taken from the IEA -
World Oil Statistics).
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The share of imports to GDP is defined as:

M
sharemy = v (D21)

where M are the Imports of Goods and Services at constant prices (World Economic
Outlook - October 2017 Database).
The ratio of imports of investment goods to imports of consumption goods is defined

as:
7

Mce
where M® are the Imports of Services at constant prices (World Economic Outlook
- October 2017 Database) and M¢ are Imports of Goods at constant prices (World
Economic Outlook - October 2017 Database).

(D22)

ratioyoo =

Finally, (; is the average between total oil production and consumption of Russia
(IEA - World Oil Statistics)

4.2.2 Average Ratios for the Foreign Bloc

As before, in order to aggregate data for the foreign countries we use the Loretan
(2005) technique. In particular, we proceed as follows. Firstly, from the Direction of
Trade Statistics database of the International Monetary Fund we compute the average
of imports/exports between the Russia and foreign countries for the period 1995-2014.
Secondly, we select the major Russian trading partners. Specifically, they are the
European Union, China, Ukraine, Turkey, Belarus, the United States and Japan. The
average of imports/exports of Russia with this group of countries corresponds to the 78%
of total Russia trade. Thirdly, we compute the average ratios for the foreign bloc by
aggregating their data series through the weighted average for the period 1995-2014.
Unless otherwise noted, the average ratios are computed for the period 1995-2014.
Due to data availability issues to construct foreign oil share we only consider the
European Union and the United States. The European Union and the US oil shares on

their nominal gross outputs are defined as:

Petroleum Items Exp
GDP

(D23)

shareoy =

For the European Union, Petroleum Items Fxp is the sum of crude petroleum
and natural gas expenditures and coke, refined petroleum products and nuclear fuels

expenditures (taken from Eurostat Input-Output Tables). GDP is the nominal gross
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domestic product (taken from the Eurostat interactive database). Due to data availability
the sample period is 2000-2014.

For the US, Petroleum Items Ezp is the sum of natural gas expenditures and
petroleum expenditures (taken from the Annual Energy Outlook of US EIA). GDP is
the nominal gross domestic product (taken from FRED).

Due to data availability issues, in order to construct the foreign oil share we only
consider the European Union and the United States. The ratio between oil used in

production and oil used in consumption is defined as:
oY
O¢

For the European Union, OY is the total use at basic price of coke, refined petroleum

(D24)

ratiooyoc =

products and nuclear fuel (taken from the Eurostat Input-Output Tables). O€ is the final
consumption expenditure at basic price of coke, refined petroleum products and nuclear
fuel (taken from the Eurostat Input-Output Tables). Due to the availability of these two
series we consider the sample period 2000-2014.

For the US, OY is the total commodity output of petroleum and coal products
(taken from the Bureau of Economic Analysis Input-Output Tables). O¢ is the personal
consumption expenditures of petroleum and coal products (taken from Bureau of
Economic Analysis Input-Output Tables). Due to the availability of these two series
we consider the sample period 1998-2014.

The share of investment to GDP for foreign countries is defined as:

I
shareiy = v (D25)

For the European Union, the United States and Japan, I is the gross fixed capital
formation (taken from OECD - Quarterly National Accounts) whereas Y is the gross
domestic product (taken from OECD - Quarterly National Accounts).

For China (sample period 1998-2005), Ukraine, Turkey and Belarus, I is the gross fixed
capital formation (Code 93E.ZF in International Financial Statistics - IMF) whereas Y
is the gross domestic product (Code 99B.ZF in International Financial Statistics - IMF).

The share of government spending to GDP for foreign countries is defined as:

sharegy = g (D26)

For the European Union, the United States and Japan G is the general government final
consumption expenditure (taken from OECD - Quarterly National Accounts) whereas Y

is the gross domestic product (taken from OECD - Quarterly National Accounts).
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For China (sample period 1998-2005), Ukraine, Turkey and Belarus, G is the
government consumption expenditure (Code 91F.ZF in International Financial Statistics
- IMF) whereas Y is the gross domestic product (Code 99B.ZF in International Financial
Statistics - IMF).

The ratio between oil production and oil demand for theforeign bloc is defined as:

o

ti = — D27
ratioyoo = — (D27)

For the European Union, China, Ukraine, Turkey, Belarus, the United States and Japan,
Y? is petroleum production (taken from the US Energy Information Administration -
International Energy Statistics) whereas O is the petroleum consumption (taken from
the US Energy Information Administration - International Energy Statistics).
The ratio between imports of investment goods and imports of consumption goods
for the foreign bloc is defined as:
i

Mc

ratioyoo = (D28)

For the European Union, the United States and Japan, M is the series of imports
of goods (taken from OECD - Quarterly National Accounts) whereas M€ is the series of
imports of services (taken from OECD - Quarterly National Accounts).

Finally, (5 is the average between total oil production and consumption of the rest of

the world minus Russia (IEA - World Oil Statistics).

4.3 Saudi Arabia Model
4.3.1 Average Ratios for Saudi Arabia

Unless otherwise noted, the average ratios are computed for the period 1995-2014.
The Saudi Arabia oil share to nominal gross output is defined as:

OIL GDP
Total GDP

shareoy =

(D29)

where OIL GDP is the Oil Gross Domestic Product at constant prices (World Economic
Outlook - October 2017 Database) and Total GDP is the Gross Domestic Product at
constant prices (World Economic Outlook - October 2017 Database).
The ratio between oil used in production and oil used in consumption is defined as:
oY

ti = — D30
ratiooyoc = (D30)
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where OY and O€ are estimated from the Saudi Arabia total oil production and demand
(data taken from the IEA - World Oil Statistics).
The share of investment to GDP is defined as:

I
shareiy = v (D31)

where I is the Gross Fixed Capital Formation at constant prices (World Economic
Outlook - October 2017 Database) and Y is Gross Domestic Product at constant prices
(World Economic Outlook - October 2017 Database).

The share of consumption government spending to GDP is defined as:

sharegy = g (D32)

where G is Final Public Consumption Expenditure at constant prices (World Economic
Outlook - October 2017 Database).
The share of investment government spending to GDP is defined as:
19

shareigy; = % (D33)

where 19 is the Public Gross fixed capital formation at constant prices (World Economic
Outlook - October 2017 Database).
The ratio between oil production and oil demand is defined as:

14) = — D34
ratioyoo = — (D34)

where Y is the oil production of Saudi Arabia (taken from the taken from the IEA -
World Oil Statistics) and O is the oil demand of Saudi Arabia (taken from the taken from
the IEA - World Oil Statistics).

The share of imports to GDP is defined as:

M
sharemy = v (D35)

where M are the Imports of Goods and Services at constant prices (World Economic
Outlook - October 2017 Database).
The ratio between imports of investment goods and imports of consumption goods is

defined as:

7

Mc

(D36)

ratioyoo =
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where M® are the Imports of Services at constant prices (World Economic Outlook
- October 2017 Database) and M€ are Imports of Goods at constant prices (World
Economic Outlook - October 2017 Database).

Finally, (; is the average between total oil production and consumption of Saudi

Arabia (IEA - World Oil Statistics).

4.4 Average Ratios for the Foreign Bloc

As before, in order to aggregate data for the foreign countries we use the Loretan
(2005) technique. In particular, we proceed as follows. Firstly, from the Direction of
Trade Statistics database of the International Monetary Fund we compute the average
of imports/exports between the Saudi Arabia and foreign countries for the period 1995-
2014. Secondly, we select the major Saudi Arabia trading partners. Specifically, they are
the European Union, the United States, Japan, China, Korea, India and United Arab
Emirates. The average of imports/exports of Saudi Arabia with this group of countries
corresponds to the 70% of total Saudi Arabia trade. Thirdly, we compute the average
ratios for the foreign bloc by aggregating their data series through the weighted average
for the period 1995-2014.

Unless otherwise noted, the average ratios are computed for the period 1995-2014.

Due to data availability issues, again, to construct foreign oil share we only consider
the European Union and the United States. The European Union and the US oil shares

on their nominal gross outputs are defined as:

Petroleum Items Exp

GDP

(D37)

shareoy =

For the European Union, Petroleum Items FExp is the sum of crude petroleum
and natural gas expenditures and coke, refined petroleum products and nuclear fuels
expenditures (taken from Eurostat Input-Output Tables). GDP is the nominal gross
domestic product (taken from the Eurostat interactive database). Due to data availability
the sample period is 2000-2014.

For the US, Petroleum Items Exp is the sum of natural gas expenditures and
petroleum expenditures (taken from the Annual Energy Outlook of US EIA). GDP is
the nominal gross domestic product (taken from FRED).

Due to data availability, in order to construct foreign oil share we only consider the

European Union and the United States. The ratio between oil used in production and
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oil used in consumption is defined as:
oY

o (D38)

ratiooyoc =

For the European Union, OV is the total use at basic price of coke, refined petroleum
products and nuclear fuel (taken from the Eurostat Input-Output Tables). O€ is the final
consumption expenditure at basic price of coke, refined petroleum products and nuclear
fuel (taken from the Eurostat Input-Output Tables). Due to the availability of these two
series we consider the sample period 2000-2014.

For the US, OY is the total commodity output of petroleum and coal products
(taken from the Bureau of Economic Analysis Input-Output Tables). O¢ is the personal
consumption expenditures of petroleum and coal products (taken from Bureau of
Economic Analysis Input-Output Tables). Due to the availability of these two series
we consider the sample period 1998-2014.

The share of investment to GDP for foreign countries is defined as:

I
shareiy = % (D39)

For the European Union, the United States and Japan [ is the gross fixed capital
formation (taken from OECD - Quarterly National Accounts) whereas Y is the gross
domestic product (taken from OECD - Quarterly National Accounts).

For China (sample period 1998-2014), Korea, India and the United Arab Emirates, I
is the gross fixed capital formation (Code 93E.ZF in International Financial Statistics -
IMF) whereas Y is the gross domestic product (Code 99B.ZF in International Financial
Statistics - IMF).

The share of government spending to GDP for foreign countries is defined as:

sharegy = g (D40)

For the European Union, the United States and Japan, G is the general government final
consumption expenditure (taken from OECD - Quarterly National Accounts) whereas Y
is the gross domestic product (taken from OECD - Quarterly National Accounts).

For China (sample period 1998-2014), Korea, India and the United Arab Emirates,
G is the government consumption expenditure (Code 91F.ZF in International Financial
Statistics - IMF') whereas Y is the gross domestic product (Code 99B.ZF in International
Financial Statistics - IMF).
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The ratio between oil production and oil demand for theforeign bloc is defined as:

ti = — D41
ratioyoo = — (D41)

For the European Union, the United States, Japan, China, Korea, India and
United Arab Emirates, Y° is petroleum production (taken from the US FEnergy
Information Administration - International Energy Statistics) whereas O is the petroleum
consumption (taken from the US Energy Information Administration - International
Energy Statistics).

The ratio between imports of investment goods and imports of consumption goods
for the foreign bloc is defined as:

i

Mc

ratioyoo = (D42)

For the European Union, the United States and Japan,, M is the series of imports
of goods (taken from OECD - Quarterly National Accounts) whereas M€ is the series of
imports of services (taken from OECD - Quarterly National Accounts).

Finally, ¢, is the average between total oil production and consumption of the rest of

the world minus Saudi Arabia (IEA - World Oil Statistics).
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6 Appendix F: Diagnostic Tests

In the graphs below, the blue lines represent the prior distributions while the black lines

correspond to the posterior distributions.

6.1 Priors and posteriors distributions
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6.1.2 Russia Model
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6.1.3 Saudi Arabia Model
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6.2 Monte Carlo Markov Chain Univariate Diagnostics

In the graphs below, the first column with the label “Interval” shows the Brooks and
Gelman (1998) convergence diagnostics for the 80% interval. The blue line represents the
80% interval range based on the pooled draws from all sequences, whereas the red line
indicates the mean interval based on the draws of the individual sequences. The second
and the third column with labels “CM2” and “CM3” denote an estimate of the same

statistics for the second and third central moments.
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6.2.1 UK Model
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25 1 1.5
2 4 6 8 10 2 4 & 8 10 2 4 & 8 10
x10° x10% %10°
F(Interval) 103 & (em2) on Ei'(em3)
0.12 2 15§
0.1 1.5 1
0.08 1 05
0.06 05 0
2 4 6 8 10 2 4 & 8 10 2 4 & 8 10
<10° 10° 10°
¥ (Interval) caps Hem2) g 1E(em3)
0.14 5 2
0.12#&— 2{’\——% 1.5[’)\——&“
0.1 15 1
0.08 1 0.5
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
x10° x10° x10°



&' (Interval) s E(em?2) cos E(em3)
0.085 2 6
0.08 mwy__ SV“"-\__—.—
0.078 8 4
.07 6 3
2 4 & 8 10 2 4 & 8 10 2 4 & 8 10
5 x10° . x10° . x10°
i (Interval) o ti(cm2) ot ti(cm3)
0.14 3 25
013 i 25 [, 2| W
0.1z 2 15
0.11 15 1
2 4 & 8 10 2 4 & &8 10 2 4 & &8 10
%10° <108 <108
~vi(Interval)
002
0.018 5
o.mer"""" 4
0014 3 3
2 4 6 8 10 2 4 6 &8 10 2 4 6 &8 10
x10® x10° x10°
T u " T &
A (Interval) e T (em2) ot 71 (em3)
0.12 3 2
e /‘—“’"‘ﬁ 2 1.5/\\_
0.1 1
1
0.09 0s
0.0 0 0
2 4 6 8 10 2 4 & 8 10 2 4 & 8 10
. *10° , %10° , %10°
~1 (Interval) o Mlem2) ot Vilem3)
01 2 15
o.105 1.5i 1
o1 1 05
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
x10° %10° %10°
Y (Interval) Y§e(em?2) (em3)
12 025 03
i 'Md\..,—'\ P
0z
1 0.1
09 0.1 0

“
=
o



0.14

013

0.12

on

0z

0.18

0.16

0.14

0.135

013

0.125

012

0.14

0.13

0.12

0.1

02

0.18

0.16

0.14

0135

0.13

0125

0.12

Yee( Interval)

10 PP (em2)

gt PP (em3)

ZSP\’\—_‘-‘\ ZF’»-—-\
2 15
A e B OB Ao 2 4 & B 1 2 4 & B 1
x10°% =10% =10%
rM : ;
(Interval)  x10° i (em?2) - (em3)
5
4
4
3
3
2 2
3 4 B A A0 2 4 B & 10 2 4 B & 10
< 10% «10% «10%
.yo;n LYopo g LLYapar
(Interval) 0 ¥ (em2) 1o ¥ (em3)
8 25
26
2
24
22 15
g a4 ® &® A0 2 4 & 8 10 2 4 & 8 10
x10% x10% x10%
e Interval) o WP (em2)
’ 25
2
2 4 6 & 10 2 4 6 & 10
x10% %10%
iid uirf uirf
i (Interval) 103 (em?2) o (em3)
5
4
4
3
3
2 2
3 a4 B & 0 3 4 6 8 10 3 4 6 8 10
x10® x10% x10%

-:;npn Lyopo g yopo g
(Interval) e W (em2) o xi0 P (em3)
26
2
24
22 15

5]
S
™
@
B

x10%

a
S
m
o,
G

=107

88



6.2.2 Russia Model

0.025

0oz

0.015

42

38

36

01

0.05

Doz

0.019

0.018

0.017

0.016

003

0.02

0.01

06

0.55

05

045

04

oi(Interval) 5 x10% oi(em2) 5 2107 oi(em3)
5 6
r.-.“#-—_ 4 4
3 2
2 4 & 8 10 2 4 & 8§ 10 2 4 & 8§ 10
i (Interval )10 oi“(em2) =10° ci(em3d) *1°°
103 = "
D , x10
24 8
22 5
2 4
2% 8 8 N 2 4 6 8 10 2 4 8 8 10
ai(Interval )1 sy x10% i (o «10°
1'( ) cipr Of (em2) w10t O (em3)
F\”... - 2 L./u.._. 12 F‘ﬁh——‘_‘__r—
1
1
0s
o
2 4 6 8 10 2 4 8 8 10 2 4 8 8 10
*10° =108 <10%
2 F . ZITL [ g ZITL [ g
o™ (Interval) 0% 01 (em?2) cinr (em3)
55 6
: 5W
4.5‘\»\’/‘—’" 4
4 a
2 4 & 8 10 2 4 & 8 10 2 4 & 8 10
4t N el i i i i
o' (Interval)-10 T al'(em2) ~10° 4 210 ol (emd) ~10°
2
M 05
1
0 0
2 4 6 8 10 2 4 6 & 10 2 4 6 & 10
ol (Interval)=10® ol(em2) x10® ol(em3) x10®
008 003
006 002
0.04’ 001
002 0
2 4 & 8 10 2 4 6 8§ 10 2 4 6 8§ 10
x10® *10% *10%



0.015

0.01

0.005

006

0.04

00z

0.022

0.02

0.018

0.016

22

21

0.025

0.02

0.015

0.01

ol (Interval) <10t 0T (cm2) <107 0T (cm3)
2 5
15 d
1
05
05
0 0

2 4 ] & 10

2 4 L] 8 10

2 4 B 8 10

of (Interval)«10° cqpa Oi(em2)  x10® i of(em3) w0
2 4
0 0
2 4 @ & 10 2 4 6 8 10 2 4 6 8 10
o1 (Interval ) 10° 0% (em2) <10t o (cm3) x10t
<10 g 07 g 210
Sr"‘l—"-—f’-"—"‘ e SW
2
2
1
1 0
2 4 & & 10 2 4 8 & 10 2 4 8 8 10
x10% =10% «10%
oi®(Interval) i ai(em2) i ai(em3)
7
6
A 05
5
4 0
10 2 4 8 8 10 2 4 8 8 10
gﬁl ITifF‘TUGI}TUb L0700 (em2) Lot 00 (em3)
7 10
6 8
5 [
4 4
10 2 4 6 8 10 2 4 6 8 10
Jz(Irr,terval)»wd g 210% oi(em2)  «10® s ai(em3) <10
15
r G' Tr._f\—-_..-———
4 05
2 0

T

x 10

90



2C P p ZCf ZCf
a5t (Interval) L1ps 05°(cm2) 105 05°(cm3)
0.025 8 5
6 l/vh\.___ 1
0.02 L/v-—-—_. L" S
4 05
0015 5 0
2 4 & & 10 2 4 8 & 10 2 4 8 &8 10
o (ITLI:F:T'ULLI)’TU: s 0’:}’”([:'!”2) =10% it (}'2:1”((."!”3) =10%
003 10 2
9
0025 15
P’.’_\_ BP«m
0.02 7 1
2 4 8 &8 10 2 4 8 & 10 2 4 8 & 10
20 P e 5 20f 5 20( - 5
1o @3 (Interval) o cige T3°(cm2)  x10 cigt T3°(cm3)  x10
9 10 6
. 9 5
8 4
7
7 3
8 8 2
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
=10° =10% x10°
. o3’ (Interval Yo YO
s xict % ( val) o107 78 (em2) L0 Ob (cm3)

-
- tn

05

1.5
2 4 B 8 10

Wageln f. M. E.{Interval) = 10°

-]
(&)
i
@
-]

0
WagelIn f.M.E.(em2) «10°

2 4 & 8 10
Wagedn f M.E.(cm3) «<10°

0.032 Fralm 5 210°

0.03 W 14 25 WM
0.028 12 2

0.026 1 15

2 4 & B8 10
Pricelnf M.E.(Interval) 10°

2 4 G & 10
Priceln f.M .E.(em2) * 10°

2 4 G & 10
Priceln f.M.E (em3) =<10°

4 5 7
12 x10 3 =10 9 *10

1.5
10 2 r_,,___,——..—-—.—.———

1

B 1

0.5
6 0 0

«10%

«10%
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Gov. Debt MUE (Interval)

s Gov.Debt ME.{em2)

7 Gov.Debt M_E.{em3)

i g 10" g X10°
5
a0 V\-\‘\—_’_— GV\’N‘\_—_P——
4
0.016 4
3
0014 2 2
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
4 . po s r a ‘ S r a ‘ 5
pi1(Interval)o 105 Piilem2) x10° g7 Piilem3) x10°
0.014 3 3
0013
25 2
0012
2 1
0.011
0.01 15 0
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
P51 (Interval )10® Lo Pialem2)  xaof Lge Palem3)  xi0f
0022 8 15
0.021
7
002 1
6
0.019
0.018 5 05
2 4 6 & 10 2 4 6 8 10 2 4 6 8 10
x10% x10% *10°
ZC P gy Ze e zc )
pic(Interval) pii(em2) L10e Palem3)
0.25 0.01 5
02 1
0.005
0.15 05
0.1 0 0
2 g @ A0 2 4 6 @ 10 2 4 6 @ 10
=0T, i 5 2i f o, 0% 2i f o, 10
pity(Interval) o pii(em2) w10 L3 Pia(em3) <o
04 0.02
sr‘"""'“‘-——--——-—
03 0015 PR ———————
2
02 0.01
4
0.1 0.005 0
2 4 6 & 10 2 4 6 & 10 2 4 6 & 10
Mﬁmgﬂ“[fnteﬂml}w*” 2107 P (em2) <108 5 K10 gt (em3) =108
25
2
1 1
15
0.8 1 0
S &, @ W 40 2 4 6 & 10 2 4 6 & 10
x10% x10% x10°



003

ooz

0.01

06

0.55

05

045

02

018

01

0.06

0.04

0.02

0.1

0.08

0.06

0.04

0.16

0.14

01

P31 (Interval) L0 P31 (em2) Lgs P31 (em3)
1 1
e s =S M
0 0
2 4 & 8 10 2 4 & 8 10 2 4 & 8 10
pr(Interval )it pYilem2) wi0® pYi(em3) w10
0.045 0014
km O'waﬁ D-OTELH—’J——‘
0035 0.01
0.03 0.008
2 4 8 & 10 2 4 & B 10 2 4 & B 10
i n P 5 - 5 - 5
A 1 (Interval) 1o 5 10° P lem2) w108 5 10 P lem3) <108
SM—-—-—-——
6
4
4
3
2 2
2 4 6 & 10 2 4 6 8 10 2 4 6 8 10
x10% *10% =10°
P11 (Interval) , 210 PT1(em2) , x10% PT1(em3)
3
2 05
1
0 0
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
n o 5 - 2 5 g ; 5
P (Interval 1o , x10° p11(em2) =10  x10 p11(em3) =10

;
]

i

15

1.5

0.5 0.5
0 0
2 4 6 8 10 2 4 & 8 10 2 4 8 8 10
P (Interval ) 10® 103 Pra(em2) w08 100 PrA(em3) aof
- 3 - 25 -
25 2
'" 2 1.5
15 1
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
=10° ®10° ®10°



0az

0.08

0.06

25

28

286

24

22

0.8

& 12 2
14 k/\ﬁ-_‘_
286 1.5
1
24 1
0.8
22 0.8 05
2 4 ] L] 10 2 4 -] & 10 2 4 -] & 10
Yo T, Rt A Yo ¢ ., i Yo ¢ ., -
. 10_3;;2_2(Irmer:J{LI.)10° 4 2107 Pi5(em2)  «10 | 210 Pi5(em3)  «10
3
1.5 3
v‘\,—‘——-— 2 uf-\r-’h'_-'
1 2

0.5

piG(Interval)

|

15 x10° pi%(em2)
5

7
W

c100 PiA(em3)
1

=)

T
|

T

1 0.5
0.5 0
2 4 8 & 10 2 4 B8 8 10 2 4 B8 8 1
20 P 1 ¥, » ‘ 5 Z » ‘ 5
g ,‘Uﬁ_‘](fmﬁema,l}wb | #10° P (em2) =10° | 2102 pa(em3) =10°
1,

05 1
0 0
2 4 & & 10 2 4 6 & 10 2 4 6 & 10
P (Intervaljaos g7 Malem2)  xet Lage Malemd)  xet
2 2
10 15
8 1
6 05
2 4 6 & 10 2 4 6 & 10 2 4 6 & 10
=10° *x10° *x10°
1o i Yo f . oo
¥ (Interval) wior Ma(em2) L1o-0 Mha(em3)
4 4
\V_f—"“"’— ;
3
2l~w___,__,_‘
2

2 4 & 8 10
- pi%(Intervalho®
- 2

2 4 6 8 10
e Plalem2) <ot

2 4 6 8 10
e Plalem3) <0

n
B
[=2]
=-]
-

®10°



(14 g)/pi(Interval)

4 x10* (1+ p7)/pi(em2)

; 1ol + p7)/pi(em3)

0.0
004 f 2
05
0.03 1
0.02 0 0
2 4 6 8 10 2 4. 8. @10 5 R A da
(14 p{)/pi( Interval ) 10° {1+ p7)/pilem2hos (1 1)/ pi(emBgs
i =10 =10
0.18 4 5
0.17
4
0.16 35 Lvd—”\-
3
0.15
0.14 3 2
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
k1 (Interval) «10° Lqge Kilem2)  «10f Lqgs Kilem3)  «10f
0.06 45 15
0.085 4
5
0.05’\ ssh
0.045 3 05
7 4. & & 40 2 4 & 8 10 2 4 & 8 10
x10° x10° x10°
x1(Interval) x1(em2) x1(em3)
22 0.8 1
24
0.7 0.8
2
06 06
19
18 05 04
2 4 8 8 10 2 4 8 8 10 2 4 8 8 10
! (Interval)<10* pf(em2) <0t p}(em3) <0t
16 0.35 04
15
03 03
14
0.25 02
13
12 02 0.1
2 4 8 8 10 2 4 8 8 10 2 4 8 8 10
F(Interval)=10 ape E'(em2) <108 ot E'(em3)  x10®
0.1 2 15
g_xr\h/——.’—-* T.Sr‘\_v———— ; v
0.09 1 05
0.08 05 i
2 4 86 8 1 2 4 6 8 2 4 6 8

=10%

10
x10%

10
x10%



¥ (Interval) A2 Ly (em2) At ¥ (em3)
0.14 4 3
0.12 zr 2| b e
0.1 2 1
0.08 1 0
3 i SR S8 40 2 4 & 8 110 2 4 & &8 10
5 : . .
i & (Interval) <10  x103 &lem2) < w04 E(em3) x1°°
A 1. 1
0.09 L___———- M—_——-
1 05
0.08
0.07 05 0
2 4 6 B 10 2 4 6 8 10 2 4 8 8 10
L Interval) <10° w02 Zlem2) w0 <ot Llem3) x0f
0.12 3 2
L 15
i
0.08 1
0.5
0.06 0 0
2 4, & E 40 2 4 & &8 10 2 4 & &8 10
x10° x10° x10°
yi(Interval) Lot Yilem2) Lgs Yilemd)
0.03 5 2
0025| tr 15
0.02 05 1
0015 0 05
2 4 6 & 10 2 4 & 8 10 2 4 & 8 10
7 (Interval)~10 wige ¥E(em2)  x10 st ¥E(em3)  x10
012 24
0115
22
041 1.5
2
0105
04 1.8 1
2 4 & 8§ 10 2 4 & 8 10 2 4 & 8 10
v (Interval) =19° w00 Yi(em2) =10 0t Y (em3) =10
0.16 4 3
25
0.14 3
2
0.12 2
15
01 1 1
2 4 6 & 10 2 4 6 8 10 2 4 6 8 10
=108 =« 10% = 10%

96



5 (Interval) wqos Yilem2) o Yi(em3)
02 5 4
0.18 4 35
0.16 35 3
0.14 3 25
2 4 6 & 10 2 4 & 8 10 2 4 & 8 10
i (Interval y10® Y (em2) =10 Y5 (em3) =10
12 0.3 0.15
ILr‘ " 02 0
08 01 0.05
06 0 0
2 4 6 8 10 2 4 & 8 10 2 4 & 8 10
N : l : 1 :
i (Interval 10 ¥ (em2) ~10° ¥ (em3d) ~10°
14 0.25 0.3
12 02 02 o .-.
1 rﬁ’_\ 0.15 0.1
08 01 0
2 4 6 & 10 2 4 8 8 10 2 4 8 8 10
®10° ®10° ®10°
aldbf Ty s F”J B F”J -
- Y Interval)  x10° (emn2) , x10* (emn3)
2 2.5 [N R
012 2 r\r«—’%
2
01 1
15
0.08 1 0
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
fi 5 |
fJ(Int.er'ual)’m 5 x10° 'l,b’ffj(r_‘iru?) 5 10 Py (”ﬁ)
25
0.12 2
2
01 1
15
0.08 1 0
2 4 6 & 10 2 4 6 8 10 2 4 6 8 10
o it (Interval)<10° , x10° Yid(em2) =10° 5 X10* Yfi(em3) 10°
0.13 25 r‘v—v‘_—“ 2
0.12 2 1
0141 15 a
2 4 €& 8 10 2 4 6 & 10 2 4 6 & 10
x10% *10° *10°
‘J”?-U T R L LT .
- YA [ Interval) i (em2) 4 (emd)
0.1 2.6
0.85
ci 2.5
08
078 008 0.0
or 0.08 003
& = i 8 2 4 B OB wm Y 2 4 & 3
el =10° =1c>



6.2.3 Saudi Arabia Model

oi(Interval) 104 Oilem2) 106 Oilcm3)
0.03 5 2
0.025 1 15
0.02 05 1 V
0.015 0 05
2 4 & & 10 2 4 8§ & 10 2 4 8§ & 10
2 e s S " s S o " s
ai®(Interval y 10 cigt O (em2) 10 s (em3) 10
0.06 4 3
3
004 2
2
0.02 1
1
0 0 0
2 2. @ @ 0 2 2 4 8 B 10
ai'(Interval)-10° Aea 108 Of(em3) x10®
0.08 3
oosr. 2
usr&__.,...______ r MRS ——
0.04 i
002 0 0
2 4 & & 10 2 4 6 & 10 2 4 6 & 10
*10% = 10% = 10%
ga o1 (Interval) c10¢ Oi™(em2) L10¢ 01" (em3)
7 8 3
6 i [ r 2
5 4 1
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
ot (Interval)-10° e O3 (em2) <10t ipe OF(em3) <10
0.03 2 6
1.5
0.02 4
1
0.01 2
0.5
0 0 0
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
i 5 i g 1] &
ol (Interval)-10° capd Oh(em2)  x10® caps Oi(em3) <10
0.02 1 3
0.015 2
05
0.01 1
0.005 0 0
2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
®10° x10% x10%



0.015

0.01

0.005

0.026

0.024

0.022

0.02

0.018

0.016

0.014

0.012

0.014

0.013

0.012

0.011

0.01

10

0.014

0.013

0.012

0.011

o7 (Interval)

A0S
310

of (em2)

w107
310

of(em3)

iy

:

2 4 8 8 10
i (Interval) <1

X
EN
®
-]
-

«10% oj(em2) 10

2 4 & &8 10

c1ps Oilem3)  x10®

12 2
l.\,/\'_d_ id 15 r‘ﬂ,
& 1
[:] 05
2 4 ] 8 10 2 4 ] & 10 2 4 & & 10
oy (Interval)<10°® § x10® o1%(em2)  «10® & x107 a1’ (em3)  «10®
45
i
4
3
35
3 2
2 4 & 10 2 4 & & 10 2 4 & & 10
x10® x10° x10°
oi°(Interval) ot Oi°(em2) w7 Oi°(em3)
2 2

e

T

1. 1
2 4 & 8 10 2 4 & 8 10 2 4 & 8 10
yo 5 ? p 0 p
10201 (Intervalyio 0 210° ¥’ (em2) =1 5 x108 i (em3) ;
Lf’_-- Bh/J_”-"\ 4b}_f’_—-‘~’\
6 2
4 0
2 4 6 8 10 2 4 6 & 10 2 4 6 & 10
o (Interval)«10® Li0e O3(em2)  x0® 107 O3(em3)  x0®
3 25
25 2
2 15

x10%

«10%

«10%



a3 (Interval) L1ps 03°(em2) o7 03°(em3)
0.014 2 2
0.012 1.8 15
0.01 ' 16 1
0.008 14 05
2 4 -] & 10 2 4 L] & 10 2 4 L] & 10
Zm o £ -?IJ 7T ) 5
;™ (Interval )10 i im(em2) 107 O3 (cm3) «10
0.02 8 8
4 | o, 4
0.015 ’
2 2
0.01 0 0
2 4 & 8 10 2 4 & 8 10 2 4 & 8 10
z0 ; e 5 40 5 0 ~ 5
a3 (Interval )10 Lqgs T3°(em2)  x10 g7 T3°(em3)  x10
0.018 5 55
0.018 5
4.5
0.017 45
0.018 4 4
2 4 <] 8 10 2 4 L] 8 10 2 4 L] 8 10
x10% %108 x10%
10 05" (Interval) w07 08 (Interval) i s’ (em3)
5 8 o ]
7
F L
2 <]
5 0.5
15 4 a
2 hu e B A0 2 4 6 8 10 2 4 8 8 10
WageInf M.E.(Interval) «10° Wageln f.M.E.(cm2).<10° II-’aqunf M.E.(cm3) «10°
4 <10°% g xdo 4 x10°
N’_—— 3
6
05 2
4
4
2 o o

2 4 [ 8 10
PriceInf.M.E.(Interval) * 10=

2 4 8 8
Pricelnf.M.E.(em2) *1%

10

2 4 L] 8
PriceInf.M.E {cm3) w0

-3 -6
55 210 g x10 3u{)"‘
5 4 2 '
45 3 1
4 2 0
2 4 6 & 10 2 4 8 8 10 2 4 8 8 10
x10% x10% 10°
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Gov.DebtM. E.(Interval)

Gov.Debt M.E .(em?2)

Gov.Debt M.E.(cn3)

o A
0.13 g 10 250
0.125
25 2
0.12
2 15
0.415
0.11 15 1
2 4 6 8 10 2 4 & 8 10 2 4 & 8 10
- 5 5 5 - 5
s pi1(Interval) =10 4 x10% piilem2) =107 o X107 pii(em3) <107
3 4W
0.01
2 2
0.005 1 0
2 4 6 8 10 2 4 8 8 10 2 4 8 8 10
x10% x10° x10°
, x10° 25 1 (Interval) 0% P51(em2) , x10® piilem3)
35
2
3 05
1
25
2 0 0
2 4 6 8 10 2 4 6 8 10 2 4 & 8 10
x10% < 10° x10%
. pi1(Interval) 5 210% pi(em2) _ xt0% piq(em3)
1.
& 1
02
4 05
015 2 n
2 @ oE & A 2 4 & 8 10 2 4 & 8 10
- pi(Interval)<10° — o (em2) x0° 5 x10° P (em3) x10°
? A
025 1 2r -
0.01
02 1
015 0.005 0
2 4 6 & 10 2 4 6 8 10 2 4 6 8 10
P (Interval) »10° g7 (em2) x10° % (em3) =10
15 210° 3,10"’ 4 x107
g ]
i
1 1
05 0 0
2 ¥ & § 10 2 4 6 8 10 2 4 6 & 10
x10® x10® %10%

101



i poup ZTf g ZTTf g
P31 (Interval) 1ot Pa1(em2) o7 P31(em3)
001 3 3
2 2
0.005
1 1
0 0 0
2 4 6 8 10 2 4 6 & 10 2 4 6 & 10
PL(Interval }10® pYilem2) «10® pYilem3) «10®
06 0.06 0015
e S—
05
0104, e} 001
04
002 0.005
03
02 0 0
2 4 & 8 10 2 4 6 &8 10 2 4 6 &8 10
o 1 (Interval ) 1o® P 1(em2)  x10® Pilemd) <1
08 005 0.015
055
0.04
05 001
0.03
0.45
04 002 0.005
2 4 6 8 10 2 4 6 & 10 2 4 6 & 10
%10° =10° =10°
o1 (Interval) L1040 Plilem2) L10s Plilem3)
0.06 - 4 15
3
0.04W__ W 1
2
0.02 05
1
0 0 0
2 4 & &8 10 2 4 & 8 10 2 4 & 8 10
g = :
o (Interval)1o® c1gs Piilem2) ciga Piilem3)
0.15 3 25
0.14
25 2
0.13
012 2 15
5 4 @ @ 10 2 4 6 8 10 2 4 6 8 10
o (Interval )< 10° w02 P15 (em2) =107 w104 P15 (em3) =107
0'T4M——-~_____ 2 - 2 ]
2.5P.’/"“"'—"‘»—..-,~
0.12 2
2
0.1 1
15
0.08 1 0
2 4 6 &8 10 2 4 6 8 10 2 4 6 8 10
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6.3 Multivariate Convergence Diagnostics

In the graphs below, the diagnostics is based on the range of the posterior likelihood

function. The posterior kernel is used to aggregate the parameters.
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6.3.3 Saudi Arabia Model
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6.4 Smoothed Shocks

In the graphs below, the black line represents the estimate of the smoothed structural

shocks derived from the Kalman smoother.
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6.4.2 Russia Model
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6.4.3 Saudi Arabia Model
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6.5 Historical and Smoothed Variables

In the graphs below, the dotted black line indicates the observed data whereas the red

line indicates the estimate of the smoothed variables derived from the Kalman smoother.
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6.5.2 Russia Model
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6.5.3 Saudi A
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7 Appendix G: Identification Tests

7.1 UK Model

In the top panel of the graph below, the bar charts represent the identification strength
of the parameters based on the Fischer information matrix normalised by either the
parameter at the prior mean (blue bars) or by the standard deviation at the prior mean
(orange bars).

In the bottom panel of the graph below, we show the sensitivity component of the
parameters based on the moments information matrix normalised by either the parameter
at the prior mean (blue bars) or by the standard deviation at the prior mean (orange

bars).
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7.2 Russia Model

In the top panel of the graph below, the bar charts represent the identification strength
of the parameters based on the Fischer information matrix normalised by either the
parameter at the prior mean (blue bars) or by the standard deviation at the prior mean
(orange bars).

In the bottom panel of the graph below, we show the sensitivity component of the
parameters based on the moments information matrix normalised by either the parameter
at the prior mean (blue bars) or by the standard deviation at the prior mean (orange

bars).
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7.3 Saudi Arabia Model

In the top panel of the graph below, the bar charts represent the identification strength
of the parameters based on the Fischer information matrix normalised by either the
parameter at the prior mean (blue bars) or by the standard deviation at the prior mean
(orange bars).

In the bottom panel of the graph below, we show the sensitivity component of the
parameters based on the moments information matrix normalised by either the parameter
at the prior mean (blue bars) or by the standard deviation at the prior mean (orange

bars).
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8 Appendix H: Historical Decompositions for the
Full Sample

Below we present the GDP historical decompositions for UK, Russia and Saudi Arabia

as obtained from our estimated models. The red lines show the real GDP.
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8.3 Saudi Arabia Model
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9 Appendix I: Estimated IRF's

Below, we present the impulse responses of several macroeconomic aggregates for one-

standard deviation of the relative estimated shock in the three countries.
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9.3 Foreign Oil Intensity Shock

(a) Foreign Oil Int. Shock (b) Real Qil Price (c) Dom. Oil Demand
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10 Appendix J: Counterfactual Analysis

10.1 Monetary reforms with spending led fiscal consolidation
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(a) Government Cons. Exp. Shock (c) Domestic Absorption
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Notes: Simulated 10% reduction in government consumption spending.
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10.2 Fiscal reforms

(a) Government Cons. Exp. Shock
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Notes: Simulated 10% reduction in government consumption spending.
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10.3 Monetary and fiscal reforms with a global shift away from

fossil fuels
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Notes: Simulated 1% increase in foreign oil intensity.
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