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A Appendix: Model Solution

A.1 Equilibrium Conditions

This appendix summarizes the equilibrium conditions of the model both in nonlinear and linearized
form. The stochastic processes for the exogenous variables are presented in Table 1, in the main body of
the paper.

X7, refers to the value of variable X; at time ¢ along the balanced growth path. X7, is the initial value
of the variable at time 0. Z;; denotes the log-deviation of variable X; at time ¢ from its value along the
balanced growth path. z;; denotes the absolute deviation of variable X; at time ¢ from its value along
the balanced growth path.

A.1.1 Country-Specific Relationships
1. First order condition for C:

c -1 q Plct
(Zl,tCLt — /11017,5,1) =\ . (1)

1,t )
) P1d7t

where A\, = )\itPfft and A7, is the Lagrange multiplier on the households budget constraint. The
linearized equation is given by:

-1 . e K1 g i
—_— _— _ — A —_— . 2
(1 — ﬂ) {Clvt A Mzcu 1} et [Pd} 1t @

2. First order condition for Ly :
—Xo,1 (1- Ll,lt)x1 = Xf,tw{,t- (3)

The linearized equation is given by:

. Li, o 2q
w{,t = 1_—LiOX1l1,t - >‘1,t‘ (4)

Note, that w{t is the desired real wage expressed in terms of Pﬁt.
3. Relationship between desired and actual wage:
(a) If wages are flexible:

o
Wi = w{,t + 11 éw* 91,t (5)
1,0



(b) If wages are sticky:

E - L+7y o Wl i P1dt+] Wl,twll,t,j "1 + 07 —0
= =i 074 b Pl,t+j Wiy Wiy 0714
!
=Y N = (&) wl,t,t—&-j[’l,tﬂ(h)wlt,j' (6)
The relative wage is defined as Wy, = W;Vi(h) The linearized equation is given by:
1 1 w
o (wl t— W) — s (W1 — tYw1e)
1 1
(1-&78,) (1 - &) (Af . o7 Aw)
= w Wi gy — Wit + w01, (7)
51 ,t+g J 1 +01 t

As customary, in the numerical implementation we using the approximation
7% (w1t — tYwro1) = wig — w1 4—1. See for example 7).
1

. Wage inflation wy

The linearized equation is given by:

Wip = Wiy — W1 + 7T(1i7t- (9)

. First order condition for I ,:

- Uy (e ’ L, 1
0 = 1—qzy, 11— — — Zt I —
ql:t 1,t ( 2 ]’1 i1 Iu + q]- t4] ,t 1 t¢1 [1 1 luz Il,tfl

_3 P1i7t+1 (i,t+1q i Tt I " JSRES] (10)
1 P1i7tAit 1,t+1 1,t+1 1,t+1%1 Il,t z [127t )
where ¢;; = PfQ:Atl - and @), is the Lagrange multiplier on the capital accumulation equation. The

linearized equation is given by:
Qi+ 21 = V13 (i — 1) = Bl (inesn — 1) - (11)
. First order condition for K :

i d 4
Pl,t+1 Pl,t )‘1,t+1

d i q -
P1,t+1 Pl,t )‘1,t

P )\ RF
Ch,t:ﬁ Lt T 1t+1 (1—51)51Q1,t+1

; (12)
1P1,t Xf,t Pld,t+1



10.

The linearized equation is given by:

Mz Mz

it = Xi,tﬂ _)‘3,{“ <1 - & (1— 51)) (T]f,tﬂ - lp_}j} > +&(1_51) <91,t+1 + {
1J¢

Capital accumulation:

A i 2
Kii=0-0)Ki1+20 | 1- -1 (L — ,uz) :
2 \111

The linearized equation is given by:

R 1 N 1 i .
/{31715 = — (1 — 51) kl,t—l + (1 — ’u— (1 — 51)) (Zl,t + @l,t) .

Consumption basket:

1

Py 1 r? et
_ cc\ 1,9 ne\ 1+p9 oc\ 1+p9 t 70 N )1+p0
Cii= <(W1 G (Ol,t) T (wi) e (Mzozl,t 1t ! :

The linearized equation is given by:
I _ ccane oc C 20
Cip = Wy Cp +wy (Ol,t + Zl,t) .

Nonoil consumption aggregate:

o§ 4yl 0§ 1\ At
ne __ C\ 1+p¢ 1+p§ mc\ 1+p% m c 1+
1t = (wi) e (Ol,t) T (w™) e (Zl,tMl,t) ! .
The linearized equation is given by:
ne . .cad + mc[Ac +£’m]
Cip = Wil T Wy My, 1t] -

First order condition for C{, in consumption basket:

o C
Pl _P1
Plc,t (wicCl,t> (el (u)f ?j) T+p5
d ne d -
P 1t 1t CLt

The linearized equation is given by:

o —
C

Py P e Pi fame 4

(15)

(16)

(17)

(18)

(19)



11. First order condition for M, in consumption basket:

o

C

P1 P1
m c 11,0 meme \ Ty,
Pl,t . Pl,t (wcccl,t> i (Wl l,t) 1 m
d ~—  pd 1 me m )\ fc 1t
Pl,t Pl,t 1t Zl,tMl,t

The linearized equation is given by:

—_—

v

C

pm Pec 0

1 _ 1 P1 ~ ~ne P1 ~ne A~ sm sm

[ = + (Cl,t - Cl,t) + - (Cl,t — My — Zl,t) + 2
t t

L+ pi

12. First order condition for Of; in consumption basket:

o

P1
(o) C ocC TL.0
Py, B Py, ( wiChy )1“’1
d ~ pd \ .t 7¢c Nne
Py, PR

c

t [4
/J“zOZLt 1,t

The linearized equation is given by:

. a4,
- — | — _I_ C
{PﬂL {PfL T g (e

13. Investment basket:

t c
:u’zoZLt‘

~C 20 20
— 01— Z1,t) + 214

Pq 1

23 1 i 1+p§
= (@A) (1) 4 ') (Z0,0) 77 )

The linearized equation is given by:

A iad mi % sm
21715 - wlll,t + wl |:m17t + Zlyt] .

14. First order condition for I¢ in investment basket:

c

. . P1
7 1E5,C
Plvt (w711—17t) 1+p1 o 1

d d o
Pl,t Il,t

The linearized equation is given by:

o —

i L ~d
e + —— (2 —1 = 0.
{Pﬁ}t T g7 (e i)

(22)

(23)

(25)

(26)

(27)

(28)



15.

16.

17.

18.

First order condition for Mfé,t in investment basket:

. , i

m 7 TLAC

PP ( wi™l ) ey m
d — pd

Py, P

- m )\ fi 1t-
27 Mi

The linearized equation is given by:

—

P{n Pll pi A 7 Am m
—| = |57 t———= it —mp; —214) + 21,
{Pldlt {Pld]t L+ pf ( bt 12 1,t) Lt

1
Value added aggregator:

v pil

Vig = ((w'f)lilpl (B ) T - () ™1 (u Z L) T

The linearized equation is given by:
U1 = <Z5lfk1,t—1 + ¢l1 <21,t + ll,t) ;

with

1
. 1
& = oF ( Kig )“””f
1 — %1 k * ’
wl/'bz‘/l,o

1
. 1
& = o ( Lio )””1’
11 LY/ * )
W1V1,0

and ¢f + ¢t = 1.

Output aggregator:

7 1 o
Vi = ()5 (07 4 @) (1, 22,01)

The linearized equation is given by:
R TP oy (Y 50
Y1t = Wy U1t + Wy (Ol,t + Zl,t) .

First order condition for K ;_; in output aggregator:

1

1L ,0
1+69

) 1+p{

) 1+p7

RE 1’)7?0 k ﬁi’u
1,t _ MCl,t <wvy}/17t) +r7 (wl‘/l,t) P
Pld,t Pld,t ! Vi K1
The linearized equation is given by:
(o) v
K ~ P1 N . P1 <A 2 )
7Y, =mer s + —U14) + U1 — k14—1) -
1t 1,t 11 07 (yl,t 1,t) 11 oY 1,t 1,t—1

(30)

(31)
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20.

21.

First order condition for L, ; in output aggregator:

o U

Pl Plv
1 Wl,t . MCLt (wajy}/lﬂj) 1+p7 ( Ldlleli ) 1+ry

d ~ pd N :
e Zn Pl,t Pl,t Vi ptZy Ly

The linearized equation is given by:

(e} U

1
L+ pY

~

(U160 — O10) +

Wy = Mmeyy +
L+ p7

First order condition for Of; in output aggregator:

o

P1

0 oy TTo
Py MGy, (Wi, \ T 7o
Mo 1,t°

d d t 70 )Y
Pl,t Pl,t NzoZLtOl,t

The linearized equation is given by:

Py _ 0y R Y .
— | =mciy + — 01t — 214) + 21,4
[PldL 1, 1+ 07 (?h,t 1, l,t) 1t

Evolution of marginal costs:

(a) If prices are flexible:

MCl,t o 1-'—7'?
P, 1460

The linearized equation is given by:

1 A

—_~ _ p
meyy = ———0"1
1+ 67,

t-

(b) If prices are sticky and export prices are set in the currency of the producer:

T . = D\J 1 + 7_11’ ! d .
Pl,t () Z (&h) wl,t,ﬂ—j 0P 7T1,t,jY1,t+j(Z>

= MCyy; Py 1467,
- @t e o e .
=0

d d
J Prey P 1,t+j

(Uu — 21t — l1,t> + 21t

(40)

(42)

(44)

(45)

(46)



where

. PG
Pl,t = P7td (47)
1t
PEoXC
V1pags = e (48)

s 1 pd c
Pl Ay

l,t,j H{ 7T1t 1—|—z 7T1)1_L} (49)

71+011’7t+j
Pyy(i) Pldtﬂ-ll tj Pty
Vi () =Yy | = (50)
] i+ Pld,t P1dt+g

or after simplifying

— = 1+ 7Y MCy [ Pl " + 07 14
> Sues | P
=0

D 1t d d D
91 t+7 Pl,t—H P17t+j 61,t+j
gt +
c Pd l 0 ) 1,t+j
T : 1,t+j -
- D l R 1,6 1,t,5 r oY d
Sy = (& 61) \C 7 (Pl,t) Litd YL (51)
1t Py 47

The linearized equation is given by

1 1_ 4 1_ 4 e QP* .
(et = ) = 2 (et - ) 4 EEE U (e Dedt ) o

* ) * P D
T T &1 1+ 91,0

In the numerical implementation we use the approximation typically used in the literature
- (nf, =l )) =7, — Anf,. See, for example, ?).

m
22. Government spending G ,:
G:Cll,t = ngftYfft. (53)
The linearized equation is given by:
f?il,t = Qit + ﬁf,t- (54)
23. Market clearing condition for Yfft:
Vi = I+ Cly + Gl + Xy (55)

The linearized equation is given by:

dx dx*
~d [1,0 ~d ClOAd GlOAd XlOA
=—-1 + T (56)
Yie = a1t T yas Ot T ya 91 T yras Tt
1,0 1,0 1,0 1,0




24. Oil demand Oy
Ol,t = it + O?lJ,t'

The linearized equation is given by:

cx Yx
1,0 ac 1,0 Ay

OLt = * Ol,t + * Ol,t'

1,0 1,0

25. Nominal interest rate Rj, and real interest rate R7%:

q d
1 )‘1,t+1 Pl,t

s ﬁ :
1+ R§, A, Pl

The linearized equation is given by:
rs __ s d o 149 N
T =T = Tig1 = — (Al,t-&-l - )‘1,t> )

assuming that (3;/u, is close to 1. 77, and 71% are measured in absolute deviation from their
values along the balanced growth path.

26. Monetary policy reaction function i, = R, — 1:
i =i+ (G — i) + (1= ) (787 + 7 (17 = 797°) + iy,
The linearized equation is given by:
M= + (L= )@+ 9T (707 = 7T) +91ul)-
27. Core price level PJ'{:

r?
cc
pre — pec Wi 01775 ey
1,t - 1,t ne *

1t

The linearized equation is given by:

R N A Y
= |=| + Cit— C
%], - Rl e m

= cc | pd| — e Dd| T ALt
wi® [ PP, wi Py,

(59)

(60)

(61)

(62)

(64)

In constructing the core price index the shock to oil efficiency enters, as this shock changes the

share of oil in the headline price index P¥,.



28. Inflation of domestic prices 7{ :

Pd
d 1,t
my, = log <P1d7t_1> . (65)

29. Inflation of core prices:

core __ Plnf
Ty = log : (66)

ne
Py,

The linearized equation is given by:

—_—

Pl R .
core __ _ . 67
i {WL {WL4+“t (67)

30. Inflation of headline prices:

Pc
head 1t
=1 — . 68
e o9 (Pf,t1> (68)
The linearized equation is given by:

—

PC PC
head 1 1 d
== - | . 69
o= (3] - R o

31. Aggregate imports M ;:

The linearized equation is given by:

Mgy (TP My, (TP
i~ — ) 1 ~ C ) 1 0 71
e M%<L¥L+WJ+“QO Pl ) T

as relative prices are calibrated to be 1 along the balanced growth path.

32. Aggregate exports X ;:
1 .
Xie=7 (Mg, + Ms,) (72)
1

as country 1’s real per capita exports X;; and country 2’s real per capita imports Mg, + Mé,t are
related through (;. The linearized equation is given by:

C* 1%
_ MQ,O me, + MQ,O mz (73)
- Cx i% 2,t cx % 2t

MZO + M2,0 M2,0 + MQ,O

~

AW

10



33. Trade balanced to gross output ratio:

Py,
NTIbL;l Xig— M+ pld’t (Y10t — Ol,t)

dvd 7l :
PLLYY, Y,

The linearized equation is given by:

bal

* * 0% /0% 0% ()%
o Xl,o . Ml,o N P1,0Y1,0 o Pl,o 1,0 A

P (01— YY)

= T lot — g Mag Y1 — 014
By vids Py gt pliyds

34. Nonoil trade balance to gross output ratio:

bal
NGy Xy, — My,
d yvd d :
P17tY1,t Yl,t

The linearized equation is given by:

* * * *

bal Xl,()j; Ml,om Xl,O MI,O gjd

1,¢ ULt T dx Lt T dx dx 1,t:
Y5 Y% Yo Y%

The conditions for country 2 are analogous.

A.1.2 Bilateral Relationships

35. Relative import prices under producer currency pricing:

(a) for country 1

m c d c
Pl,t - el,tPQ,t P2,t Pl,t

d c c pd’
Pl,t P17t Pz,tPLt

where e;; is the nominal exchange rate and rer; =

rate. The linearized equation is given by:

— | =reris— | = +|=5]| -
{Pld,t Pyl LP,
(b) for country 2

— | =—reri + |=;| — |=5]| -
{Pf’t Pil, LR,

11

el,tPQC,t
C
Py,

dx \/ dx
P1,0Y1,0

L —

|

oy

Py

L

(78)

the consumption real exchange

(79)

(80)



36. Uncovered interest rate parity condition:

/\g,tﬂ P2d,t Py _ b ey Xl],tJrl Pld,t Plin (81)
= P14 Dc .
)‘g,t ch,t Pg,t—&-l TeTr1,¢ /\lf,t Plc,t Pld,t-i-l
The linearized equation is given by:
X Lq 2q cq — _—
<)‘2,t+1 - >‘2,t) = (Al,m - )‘1,t> + @y + T 1 — T (82)
&)+ R B R )
11 1141 2 14 2 1t41
37. Net foreign asset condition:
61,tP zb Bl,t
+ — el,tBl,tfl —|— Nlele (84>
D
The linearized equation is given by:
ﬁbl,t == b17t71 + tll)?tl (85)
where by ;1 is the absolute deviation of ellde;ffl from 0. #*% is the deviation of the trade balance
1,671, ?

to gross output ratio from its value along the balanced growth path.

38. Oil market clearing condition:

Clylo,t + YZt = ClOl,t + 02,t- (86>

The linearized equation is given by:

O* O* * *
C1Y1,0 Yz,o 0 C1 1,0 R 2,0

O* O%* go + O%* o*y = * * 017 + * * 62» . <87)
GYY% + Y b G Y%+ Yoh 2t 070+ 03 ' G070+ 03 '
39. Law of one price for oil:
Py, Py, Pf, Py,
Sa =TTt BT De Ba (88)
Pld,t P1d,tP2,tP2d,t
The linearized equation is given by:

— | =reris+ | =7 — =5 T |57 - (89)

[P{i ; Py, LB, P,

12



A.1.3 Important Definitions

40. Definition of GDP, ; using the Laspeyres index:

d o Yy 0 o
Py Vi — PPy 07, + PPy YT,

GDPl’t = GDPl,tfl ° ° ° . (90)
Pld,t—lyl,t—l - Pl,t—lOzll,t—l + Pl,t—lyi,t—l
The linearized equation is given by:
PPyOf, PfEWS) — 0
l - =i T sava (gdpu — gdp, t71> - — U1 — Yra—1
( N I e ’ 7 gdp,1
_ PﬁBOzl/I) ( Ho 674 69 ) + vaBYVfS ( Ho go go >
- * * Y- * * 1t~ J1t-1
Pfd,()y'lc,lo Mgdp,l ! -t Plaf[)}/ltfo lugdp,l ! !
- [Pﬁ’aOi’fo B Pﬂzlﬁfé} ( fo 1) {ﬂ} (01)
Pld,gyl% Pld,’(ﬁ)yl(% Mgdp,l Pld t—1

Absent trend growth the linear approximation of the Laspeyres index for GDP is a constant price
aggregate.

41. Ratio between nominal GDP and nominal gross output:

NGDPl,t 1 Pf’,thf,t Plo,tth

=1 ) 92
Pfft}/i,t Pf{tYLt Pfl,thl,t ( )
The linearized equation is given by:
NGDP;, {NGDPl} B (PﬂBOi’I) Pﬁ*@YfS) . [Pf] (93)
* k k * - k * 17t - Dd
PigYis L P, PIGYs  PIY(S P,
PlO:BOZ{:B 62/ Ploj(k)}/loas go (94)
Py PG
42. Oil price deflated by GDP deflator:
NGDP1; 4
Py, PlG,tlzlf B Py, Pld,t—1 P, Yii1 GDPiy Y14 (95)

GDP — pd NGDP .
PPt Py PLPY Ty GDPy 1 Yy,
1,641t

13



The linearized equation is given by:

log |: Pﬁt :|obs B log |:P10’t_1 :| obs _

NGDP, NGDP, o
- - [y1,t - y1,t—1]
t t—1

Piv; Piv;
ey TP -~ —
— | == dp,, — gd
+ [PldL |:P1d:| - +g9apy; — gdpyy
+ <M _ 1) ' (96)
My
43. Trade balance to GDP ratio:
NTP NTM PEYL (o7)
NGDP,, PiY,,NGDP,,
The linearized equation is given by:
NP PRV 0
NGDP ], NGDP;, "
44. Nonoil trade balance to GDP ratio:
NGI{C,Ltl 1 Xz Pld,t M, 4 (99)
NGDPy ﬁ??ylil{t Yie PoYi)
The linearized equation is given by:
NGW 1 1 (X{y PlMi,\ [NGDP 1 (100)
NGDP, |, ~ ~NoDPi, \ yi ~ Py Pd; |, NGDPi, 91,
PIYG ’ T PIYG
A.1.4 Relationships Between Model Variables and Observed Data
The observed data carries the superscript “obs”.
45. Observation equation for GDP:
log (GDPf,iS) — log (GDPf,?ts—l) = gdp1y = 9dp1 g1+ (Hgapr — 1) - (101)
46. Observation equation for oil production:
log (Vi) —log (Y0i5) = 37, = 0y + (1o — 1). (102)

14



47.

48.

49.

50.

Observation equation for oil imports as share of GDP:

Plo,t (Ol,t - Ylot) . Pﬁgyl,t Plo,t (Ol,t Ylot

NGDP,,  NGDP, P, \Y, Y,

The linearized equation is given by:

{Pf (0, — Yf’)} _ PRY (01:0 ROYE {N@l
NGDP, . NGDP{’iO Yffg Yf’:o Pfly1
PiYiy (Ohy. Y05
NGDP;, (Yﬁ% - ijoy”) '

Observation equation for the price of oil:

—

—

Py

I3

:uzougdp7 17 My

(] () - |
PlG,;fDP PlG,tlleD P1GDP . PlGDP

Pf{tMLt _

Observation of nonoil import share NGRS

Pldﬂng,t . Pf%tMl,t Pf%t}/i,t
NGDPy,  PiY,, NGDPy,

The linearized equation is given by:

A~

PeM, _Pfngf,ONGDPﬁO R
NGDP ], PLY(G PiYis

Pld’tlet )

Observation of nonoil export share NCDP

PldﬂgXl,t . P1d7tX1,t Pld;thl,t
NGDP,, P{Y,, NGDP;

The linearized equation is given by:

NGDP|,  Poyid Py

{ PiX, ] _ PH X NGDPy, (x ; {
1,6 — Y1t —
t

15

mie — Y1t —

)

Py,

NGDP,

Piy;

)

(103)

(104)

(105)

(106)

(107)

(108)

(109)



51.

02.

53.

54.

99.

96.

57.

Observation of the real exchange rate:
— obs o~
Tery, = rery;.

. . Pf,Cit
1,:01,t
Observation of consumption share 575 Py
d
Plc,tcl,t . Plc,tcl,t P1,tY1¢

NGDPy;  PiYy NGDPy,'

The linearized equation is given by:

{ PeCy }  PeyCro NGDPY, (C . [Pf] ; {
1,t 7| — Y —
t t

NGDP |,  PhYd PhYy, P
Observation of (fixed) investment share in GDP —]fé’tDI;;:’t:

Pli,tILt . Pﬁtll,t Pﬁt}/l,t
NGDP,, PLY,,NGDP,

The linearized equation is given by:

[ Pil, } PesIr, NGDPy, ( m ) [
= 11+ — Y1t —
t t

NGDP.|, Pl PhYS P
Observation of core price inflation:

TN = e (- 1),
Observation of wage inflation:

obs
wl,t - th.

Observation of the nominal interest rate:

Cost minimization of firms implies for gb]f and gbll
1
o = ot ( shareky, )1+P’1’
1 — %1 k )
Wi, sharevy,
and
1
o = ( sharely, )HPY
1 — %1 l )
wisharevy,

where ¢F + ¢} = 1.

16

PiY;

—

NGDP,

Py

NGDP,

)

)

(110)

(111)

(112)

(113)

(114)

(115)

(116)

(117)

(118)

(119)



A.1.5 Decomposition of Marginal Costs

Define the marginal factor products as:

o

@u = 1 ilpg (Ql,t - 61,t - éft) + 73?,1& (120)
1

mpky, = 1 ilpg (910 — O10) + 1 ilp” (?71,t - 7;'1,1;71) (121)
1 1

— A B o

mply 4 1+ 0 (1,0 — 01e) + 1+ Vig — 2146 — b1 | + 214, (122)
1 1

and notice that the first order conditions for firms can thus be rewritten as

—

P? — _—

{P_ﬂ = MC1 + Mpoy (123)
114
P, = mey + mpky, (124)
Wiy = men, + mply,. (125)

Multiplying equation (123) by w]?, equation (124) by wi’¢,, and equation (125) by wi” (1 — ¢, ), and
adding over these three equations, we obtain the desired expression:

— [0 /'PO\ — U ~ — v ~ —
meyy = wi? ({P—ldl - mpoLt) + wi¥é, (r'fjt — mpkLt) +wi¥ (1 —¢y) <w1,t — mpll’t> (126)
11¢

since w¥ + w¥o, +wi¥ (1 —¢y) = 1.

A.2 Balanced Growth Path

Along the balanced growth path real quantities grow at the common rate p,, except for oil demand and
supply, and hours worked. Prices (relative to the domestic good), including real marginal costs, are
constant except for real wages and the real price of oil. With labor augmenting technological progress,
hours worked are stationary and real wages need to grow with the common growth rate p,. Oil supply
and oil demand grow at the rate p, < j,, while the price of oil grows at the rate u,, < % Nominal
prices grow at the inflation rate 7. Below, we define relationships that need to hold aloﬁ)g the balanced
growth path. Unless noted otherwise, an expression presented for the home country s identical to the
one for the foreign country. The size of country 1 relative to that of country 2 is denoted by (;.

X[, refers to the value of variable X; at time ¢ along the balanced growth path. X7, is the initial value
of the variable at time 0.

A.2.1 Calibrated Expressions

Some parameters in our model are not estimated, but are implicitly pinned down by assigning data
means to the following expressions.
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. Nominal oil use as share of nominal gross output shareoy;:
O* ()* 0% %t )% t 0% * *
Pl,t 1t P1,0771 1,0:“0”,5 - Pl,() 1,0  Yip
dxy dx dx —xt\/d*, t 20 dx\/dx dx
P1,tY1,t P1,o771 Y1,0Hz P1,0Y1,0 Yl,o

shareoy, =

as the real price of oil is assumed to be 1 in period 0.

. Ratio of oil use in production and oil use in consumption ratiooyocy:

ox MY* Yy*
Pl,tol,t o 01,0

ox )k cx
PO 1,0

ratiooyoc, =

. Overall investment as share of gross output shareiy;:

ES *
]l,t I1,0

shareiy; = v = Vi
’t b

. Overall government consumption as share of gross output sharegy:

*

*

n s A s K]

sharegy, = _Yld* = _Ylda"
7t I

. Ratio of oil production to oil consumption ratioyoo;:

0% [e2]

. Y%
ratioyoo; = —— = ——.
1t 1,0

. Overall imports as share of gross output sharemys:

* %
sharemy; = My = My
1= dx dx *

Yii o Y

. Ratio of imports in investment relative to imports in consumption ratiomimcy:

ik Q%
My, M,

ratiomime; = = —=,
My, My,

. Share of hours worked labshare;:
L, Li
1—-Ly, 1- L’f,o.

labshare, =

. Normalization of wll:

L _
w; = 1.
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A.2.2 Composite Parameters

Given the parameter choices and the expressions described above, the remaining parameters of the
model can be computed as shown below.

1. From condition 20 define shareoyy; and compute wi:

t HY* y*
- :uzool,t . 01,0

= Yff;‘ = Yﬁ% = shareoyy, (136)
1
shareoyy, = shareoy, (1 R —— ) : (137)
1

2. From condition 17 define sharevy; and compute w”:

" o V* V*
w=1-w}= Y}; = Y};gl = sharevy;. (138)

3. From condition 6 compute r’fj):

ke = g_ 144 (139)
1

4. From condition 7 define shareky;:

K} K7 1
Y}i’: = Y;’f =T shareiy, = shareky;. (140)
1t 1,0 L

5. From conditions 7 and 18 define omegaks:

14p

i
1 1 1 sharei
I <“_ —14 51) e (141)

1- % By 1, sharevy;”

6. From condition 16 define sharely;:

(3

tL* L* —1\ 1+p
il Bl Y sharevy, (1 — w]f (r’ff)) ’”f) = sharely;. (142)

dx dx
Y& oY

7. From consolidated budget constraint define sharecy;:

Pc* * Pd*[* Pd* * Po*yo* Po*Oy*

ld,t ld,t 1 il,t 1; B 1; Z,t n ld,t 1C,lt B 1d,t Z,t — sharecy, (143)
PIYYT POYSS POYSS POYSS PLYT
sharecy; = 1 — shareiy; — sharegy, + shareyoy, — shareoyy;. (144)
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From condition 12 define shareocc; and compute w{*

t C* Ccx
oc :uzoOl,t O

10

Wi = — — = shareocc, (145)
1t 1,0

where

shareoy, — shareoyy,
shareocc, = )

146
sharecy; (146)

From condition 8 compute w{*:

nex nex
_ oc _ Pt Y10
wi =1-w ST
1t 1,0

)

(147)
10.

From condition 10 compute w{:

Cd* Cd*
1,t 1,0
i — 1 mc _

= = = sharecden;.
nex nex
1t 1,0

(148)
11.

From condition 11 define sharemccny:

C* cx

me Ml,t Ml,O

Wi = —— = = = sharemccny,
Crere OFf

(149)

where sharemccen, is computed from

sharemy 1
sharemcen; =

sharecy,sharecncy 1 + ratiomime,

(150)
12.

From condition 14 compute w?:

dx* Id*
; ; 1t 1,0
wi=1—-wi" =

1 = = .
It Iig

(151)
13.

From condition 15 define sharemii; and compute w™:
ik

ik
i Ml,t Ml,o
wl — =

Iz = sharemiiy,
1t 1,0

(152)
where

. sharemy; ratiomimc,
sharemaii; = - —— .
shareiy; 1+ ratiomime,

(153)
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14.

15.

16.

17.

18.

19.

Define exports relative of gross output country 1 sharexys:

dx V* d* * 0% ()* 0%,/ 0%
PXT, B Py MY, n PO, PUIYYS — sharexy
dxyd d*\/ d* A<\ dx  Dpdryde 1y
PYY, PYY PRLYSE PRYS

or

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

Define exports relative of gross output country 2 sharexys:

* yx 0% d*
X2,t . My, _ <01,t Y1t> Yl,t

¢, = sharexys,

EE CAN CUR R i
or
dx
sharexy, = sharemys — (shareoy; — shareyOyl)%Cl.
2,0

If trade is balanced along the balanced growth path, we define sharemys:

d* * 0% * ox * d* * d*\/ d*
Pl,tMl,t Pl,t ( 1t Ylt) - el,tP2,tM2,t P2,tY2,t 1

v T P PV PG
or
dx
sharemys = (sharemy, + (shareoy, — shareyoy;)) ?‘%Cl

From condition 42 define sharengdpny;:
* ox MY* 0%\ 0% ox MY* 0% \/ 0%

NGDPy, POy, PRYY, PriOre - PUoYT
Pd*yd* =1- Pd*Yd* + Pd*yd* =1- Pd* Yd* Pd* Yd*’

IRESH et Lttt 1,011,0 1,041,0

or

sharengdpny, = 1 — shareoyy, + shareyoy;.

From condition 34 define mugdpss:

jt, — (shareoyy, — shareyoy:) 1,
1 — (shareoyy, — shareyoy,)

Hgdp,1 =

. Yd*
Gross output ratio 5
2t

dx d* *
Yl,t Y1,0 . sharelys, L1,o

Vi~ Yy sharely Ly,
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20. From condition 39 define the share in world oil production for country 2 shareoprods:

Y.o%
Yo* YQd’S

2 = 20 = shareoprod

= _ = 5

QY +Ysy o Y | ¥ ’

Yyfo vl vk
or
shareyoys

shareoprods = e
shareyoys + shareyoy,(y v
2,0

21. From condition 39 define the share in world oil consumption for country 2 shareocons:

. 03
O = Yis = shareocon
= . = 9
GOT + Y3 ¢ Yio i | 5o ’
Yyl vils vk
or
shareoys
shareocons = —.
Y5
shareoys + shareoy:(yyax
2,0

22. Overall oil production as share of gross output shareyoy;:
Yo YOy,

dx * dx
}/l,t 1,t Yl,t

= shareyoy,

or

shareyoy, = ratioyoo,shareoyy .
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B

Appendix: Data

The model is estimated by the method of maximum likelihood. The data are quarterly and run between
1984 and the third quarter of 2008. A presample of 10 years from 1974 to 1984 is used to train the
Kalman filter used to form the likelihood. The observed series are the following:

1.

2.

10.

11

the log of U.S. real GDP, from NIPA Table 1.1.3 (line 1);

the log of trade-weighted foreign GDP. The series reflects GDP data from national sources for the
26 most important trading partners of the United States. A description of the export weights is in
?). The countries included account for well over 90% of U.S. exports, as well as imports.

. the log of the U.S. real dollar price of oil defined as the refiners’ acquisition cost for imported

crude from the U.S. Energy Information Administration
(http : / Jwww.eia.doe.gov /dnav/pet/pet_pri_rac2_dcu_nus_m.htm) normalized by the GDP
deflator from NIPA Table 1.1.4 (line 1);

. the log of U.S. crude oil production from Table 11.1b of the Monthly Energy Review of the U.S.

Energy Information Administration
(http : / Jwww.eia.doe.gov [totalenergy/data/monthly /#petroleum);

. the log of foreign oil production (calculated as world production net of U.S. production) from

Table 11.b of the Monthly Energy Review of the U.S. Energy Information Administration
(http : / Jwww.eia.doe.gov [totalenergy/data/monthly /#petroleum);

. the log of U.S. hours worked in the nonfarm business sector from the Labor Productivity and Cost

Database of the U.S. Bureau of Labor Statistics, normalized by the U.S. civilian non-institutional
population from the U.S. Bureau of Labor Statistics
(http : //data.bls.gov/pdq/querytool.jsp?survey = pr);

. the log of the broad real dollar exchange rate from the U.S. Federal Reserve Board

(http : /Jwww. federalreserve.gov/releases/H10/summary/, the weights are the same as the
ones described for the measure of foreign GDP above);

U.S. personal consumption expenditures from NIPA Table 1.1.5 (line 2), expressed as a share of
U.S GDP from NIPA Table 1.1.5 (line 1);

U.S. crude oil imports from the Energy Information Administration

(http : /Jwww.eia.doe.gov /dnav/pet/pet_move_impcus_d_NUS_Z00_mbbl_m.htm), expressed as a
share of U.S. GDP using the refiners’ acquisition cost for imported crude and GDP from NIPA
Table 1.1.5 (line 1);

U.S. imports of non-petroleum goods from NIPA Table 4.2.5 (line 54), expressed as a share of
GDP;

U.S. goods exports from NIPA Table 4.2.5 (line 2), expressed as a share of GDP;

23



12.

13.

14.

15.

U.S. fixed investment from NIPA Table 4.2.5 (line 8), expressed as a share of GDP;

U.S. core inflation measured as the log change in the deflator for personal consumption
expenditures excluding food and energy prices from the Federal Reserve Bank of St. Louis Fred
Database,

U.S. wage inflation (demeaned) measured using the log change in nominal compensation from the
Labor Productivity and Cost Database of the U.S. Bureau of Labor Statistics
(http : //data.bls.gov/pdq/querytool.jsp?survey = pr);

and the U.S. effective federal funds rate (demeaned) from the Federal Reserve Board
(http : | Jwww. federalreserve.gov/releases/h15/data.htm).
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C Appendix: Plots of Data and In-Sample Forecast Errors

This appendix contains plots of all the observed data, the in-sample 1 step ahead forecasts, and the
forecast errors.
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Figure 2: Data and Forecast Errors
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Figure 4: Data and Forecast Errors
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Figure 7: Data and Forecast Errors

U.S. Nonoil Goods Imports (GDP share)
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Figure 9: Data and Forecast Errors
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Figure 11: Data and Forecast Errors
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D Appendix: Plots of Smoothed Estimates of Shock
Processes and Their Innovations

This appendix contains plots of all the shock processes and their innovations. A key to the symbols
denoting each shock process is given in Table 1 in the main body of the paper.
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Figure 18: Data and Forecast Errors
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Figure 20: Data and Forecast Errors
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Figure 21: Data and Forecast Errors
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Figure 22: Data and Forecast Errors
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Figure 23: Data and Forecast Errors
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Figure 24: Data and Forecast Errors
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Figure 25: Data and Forecast Errors
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Figure 26: Data and Forecast Errors
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Figure 27: Data and Forecast Errors
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Figure 28: Data and Forecast Errors
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Figure 29: Data and Forecast Errors
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Figure 30: Data and Forecast Errors
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