Technical Appendix
International Capital Flows

Cedric Tille and Eric van Wincoop

This Technical Appendix describes all technical details associated with
the paper. It is organized in six sections:

1.

1

First-order solution conditional on k(0), which is the zero-order portfo-
lio share invested in domestic assets in each country (so that k”(0) =
2k(0) — 1).

Second-order solution conditional on kP (1)

. First and second order components of Bellman equation

Second and third order components of optimal portfolio equations
Overall solution method

Balance of payments accounting

First-order solution conditional on £(0)

While the paper describes a general numerical solution, the model is simple
enough to allow for an analytical solution of the first-order components of
control and state variables conditional on k(0). We first describe the an-
alytical solution and then turn to the numerical solution. The latter has
the advantage that it is also applicable to more general structures than the
specific model of the paper.



1.1 Analytical solution

The first-order component of the model equations can be computed by log-
linearizing around the zero-order (steady state) component of model vari-

ables. The latter are W (0) = 1/¢, R(0) = (1—¢0)/(1—v), Q(0) = (1—v) /v
and A(0) = Pr(0) = 1. The zero-order components of the logs of model vari-
ables are simply the logs of these values. Linearizing around these values
delivers the following first-order components of model equations (46)-(54) in
Appendix A (all equations other than the Bellman equations that will be
discussed separately in section 3 below):

ami+1(1) = pap (1) + €1 (1)

api11(1) = paps(1) + €pigr (2)

wi1(1) + praa (1) = (1 = 90) [k(0)rp41(1) + (1 = k(0))rpea(1)] (3)
F0arp1(1) + (1 = ¥0) (wi(1) + pe(1))

Wiy (1) + pra (1) = (1= 90) [(1 = k(0)) rae1(1) + k(0)r i1 (1))
00 (aps+1(1) + pra+1(1)) + (1 = 40) (wi (1) + pi(1)) (4)

amt(1) = owy(1) + (1 — o) wi (1) + Mape(1) + (1 — a)p; (1)) (5)

(1) = k(0)(we(1) + pu(1)) + (1 — £(0)) (w (1) + p (1))

+2k(1) (6)
qri(1) = (1 = k(0))(w(1) + pe(1)) + k(0)(wy (1) + p; (1))

—2k{(1) (7)
Ei(rg (1) = rrea(1)) =0 (8)

The last equation follows from the first-order component of both Home and
Foreign portfolio Euler equations. For the asset market clearing conditions
(6)-(7) we have used that kff (1) = k(1) 4+ 0.5kP(1), kf,(1) = k(1) —
0.5kP(1), kﬁt(l) =1- kg}t(l) and kﬁt(l) =1- kﬁ’t(l).

The first order components of consumer price indices and asset returns



in equations (57)-(60) of Appendix A are:

pe(1) = (1 — @) pre(1) 9)
pi(1) = aprs(1) (10)
() = e+ 5 D ) (D
Trir1(l) = 11__56,QF¢+1(1) + @01(1_—;3) (apir1(1) + pris1(1)) — gre(1)

(12)

Notice that only the first-order component of the average portfolio share
k(1) enters these equations, not the first-order component of the difference
in portfolio shareas, k”(1). In addition, the first-order component of the av-
erage portfolio share enters only through the asset market clearing equations.

It is useful to write variables in terms of averages and differences across
countries, with the superscript A standing for average and superscript D
standing for the difference between countries. We take differences and av-
erages of the sets of equations (1)-(2), (3)-(4), (6)-(7). For (5) substitute
ams(1) = a(1) + 0.5aP(1), aps(1) = a(1) — 0.5aP (1), wi(1) = wi(1) +
0.5wP (1) and w;(1) = w(1) — 0.5wP(1). Also using (9)-(10), (1)-(8) then
becomes

afﬂ(l) = pa;'(1) + 624+1 (
i1 (1) = pa’ (1) + €4, (14)
Wiy (1) +0.5praga (1) = (1= 0) rf 1 (1) + 90(ag (1) + 0.5pp1(1))

PO (wi (1) 4+ 0.5pre(1)) (
Wi (1) + (1= 20)pre (1) = (1 — 90)(2k(0) — 1)ri, (1) +

$0 (a1 (1) = preea (1)) + (1= 90) (w (1) + (1 = 2a)prs(1))  (16)
ai'(1) +0.5a” (1) = wi* (1) + 0.5 (20 — 1) w? (1) +

A2a (1 — ) pre(1) (17)
gi (1) = wi(1) + 0.5pp,(1) (18)
g7 (1) = (2k(0) = w/ (1) + (1 = 2a)(2k(0) — )pr(1) + 4k (1) (19)
Eyr{,(1) =0 (20)



Taking the average and difference of the asset returns (11)-(9), we have

A1) = 270 )+ PO a0y 4 05 (1)]

A 1— 00
—q/'(1) (21)
7"tD+1(1) = 11_;59(1&1(1) + @bl(l——zbg) (atDﬂ(l) _pF,t+1(1))
—q7(1) (22)
Combining (15), (18) and (21) yields
wit(1) = a;'(1) (23)
(1) = (1) + Zpra(1) (21)
(1) = (e, (1) — 6 (1)) + % (Pre+1(1) = pre(1)) (25)

Using (23), it is immediate from (17) that
1 (20 — 1)
)= ——aP(1) - ————wP(1) = p,a”(1 Ll (1) (2
pF,t() /\40[(1—04)at() /\404(1—04)wt() pat()+p wt() (6)

For now we make the conjecture that the equity price differential is given by
qP (1) = q,aP (1) + q,wP (1). This will be verified below, with coefficients ¢,
and ¢, to be determined. The excess return (22) then implies

1—1

Tﬁl(l) = 1——¢9 [Qaa?ﬂ(l) + quﬁl(l)}
1-46
HEED (1= B (1) = Pl (1) — 0aa?(1) - guf (1)
= myap (1) + maeaP (1) + maw? (1) + maw? (1) (27)
where:
- y
my 11_ $QQa + 77Z)1<1_ Q,U@) (1 - pa) Mo = —(q
_ 1=y 910 _
ms = p My = —qy

1— o™ 1 _qge Pv
Substituting (27) into (16) we have
wfil(l) = 771%!11(1) + 1507 (1) + nyw? (1) (28)
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_ ( —1)[(1- >qa+w<1—e><1—pa>1+<2a—1>pa+w9<1—pa>
R T TV ¢t Z Y (1= ) pu] — 2o — 1) pu + 00ps
n o= (1— we) [(2k—1) + (200 — 1) pg |

i 1— (26— 1) [(1— ¢) qu — ¢ (1 — 8) pu] — (20— 1) p,, + 08,

_ (1—90) [1— (2k —1) go — (20 — 1) py]
T T @k ) [ g~ (L 6)pu] — (20— 1) pu + U0p

Substituting (28) into (27), the zero expected excess return equation (20)
leads to two restrictions on the parameters:

0 = (pmy+ma)+ms(pn, + 1) (29)
0 = mgns+my (30)

(30) does not depend on ¢, and can be used to solve for for g,:

1—(2a—1)py
1— (20— 1) py + Opu (1=0)pu

Guw = —

Having solved for ¢, (29) is used to solve for g¢,:

" = (1—0) py
¢ 1— (2a—1)py + O0py (1 —90) — p (1 — )
(1—0)
a 200 —1 w
¢, and ¢, are then used to solve for my, ms, ms, my and 7y, 7, and 7.

The zero-order component of the portfolio share, £(0), does not affect the
parameters Pq, Puw, Ga, Guw O M1, Mo, M3, Mmy. It therefore does not affect the
solution of relative prices of goods and assets. k(0) does impact the first-
order solution of the model in two ways though. First, it affects the solution
of the average portfolio share k;(1), which follows from (19):

[(1 _pa) - (20& - 1>pw]

FA(1) = kaaP (1) + kP (1) ()
where:
b = flaa+ 240) = 1) 2a— 1))
b = {la— (@4(0) = 1) [1 = (20— 7]

5



Second, it affects the accumulations of wealth. Substituting (13) into (28)
we have

wﬁl(l) = 771€t+1 + (pmy + 19) af (1) + ngw? (1) (32)
where
P00+l —0) <= (1= 49} 20~
Ptz = 1+ (A~ Dda(l—a)—¢0(2a—1)

¥ (
1+ (A=1)4a(1 - a)

N3 = (1_¢9)1+()\—1)4a(1—a) Y0 (200 — 1)

While pn, + 1, and 75 do not depend on k(0), 1, does depend on k(0). The
impact of the innovation €/}, on wf (1) therefore depends on %(0).

Overall we can summarize the first-order solution of all variables other
than k(1) as follows. The solution for the control variables is

pra(1) = paa;’ (1) + puw/ (1) (33)
a’ (1) = qaay (1) + quw, (1) (34)
th(l) = a; (1) +0. 5paat (1) + 0.5pww?(1) (35)
w(1) = a;'(1) (36)
k= koa? (1) + kyw? (1) (37)
The accumulation of the state variables is described by
afy, (1) = pa (1) + €} (38)
afy, (1) = pa D(l) + el (39)
wﬁl(l) 771€t+1 + (pmy + 1) a’ (1) + naw (1) (40)

1.2 Numerical solution

The solution method described here is the standard first-order solution method
that applies more broadly than to the particulars of the model in the paper.
The system (1)-(8) consists of 3 state variables and 5 control variables. The
vectors of state and control variables are

Si=1[af wP o] (41)
CVi=[wi pre k' ame ars | (42)



We write the entire vector of model variables as

x=[ ey | )

After substituting the expressions for consumer price indices and asset
returns, and applying the expectations operator, equations (57)-(60) of Ap-
pendix A can be written compactly as

Etg(Xt,XtJrl) =0 (44)

The first-order component of model equations follows from a linear expansion
around the steady state, which delivers

MlXt(l) + MQEtXt+1<1) — O = EtXt+1(1) — MXt(l)

where M = — (M)~ M.
We diagonalize the matrix M

M = EVQEV ™!

where EV contains the eigenvectors of M’ and € is a diagonal matrix with
the corresponding eigenvalues. Using the property that (EV 1) = (EV')™!
it follows that

M = (EV')'QEV’
We define

X,(1) = EV'X,(1)

so that the first-order component of the model becomes
EtXt—i-l(l) - QXt(l)

The system is well defined when there are as many zero and explosive
eigenvalues as there are control variables (that is 5). We set the corre-
sponding elements of X,(1) to zero. Let EV'(subs) denote the rows of EV’
corresponding to the zero or explosive eigenvalues. The first-order compo-
nent of control variables as a function of state variables is then solved from
EV'(subs)X(1) = 0, which gives

CVi(1) = —(EV'(sub,4: 8))'EV'(sub,1:3)S,(1) = EV - S,(1)  (45)



In particular, we will use the following notation for the solution of goods
and asset prices

pF,t(l) = pSSt(l) (46)
qui(1) = qgst(l) (47)
are(1) = ¢;5:(1) (48)

The accumulation of the first-order component of the state variables can
be described as

Six1(1) = NiSi(1) + Naeryq (49)
[ el e ]

€G+1 = | G41 G

This can be derived as follows. Let B; be a 3x8 matrix that extracts the
rows of the model equations corresponding to the accumulation of the state
variables: the dynamics of the home wealth (3) and the dynamics of both
productivity levels, (1)-(2). Without the expectation operator applied to
those equations we have

B1M1Xt(1> + BlM2Xt+1(1) = B3€t+1 (50)

where:

™
w
|
S = O
—_ o O

Using (45) we write:

X,(1) = [f% ] _ { E{V ] S,(1) = BySi(1) (51)

where I is a 3x3 matrix. Proceeding similarly for X;,(1), we rewrite (50)
as:
By M1 By Si(1) + BiM3B3S;11(1) = Bserya

which leads to (49) with

Ny = — [BiMyBs] ™ BiM, B, Ny = [ByMB,] " Bs



2 Second order solution conditional on k(1)

2.1 Second-order component of model equations

We now describe the numerical solution of the second-order component of
model variables conditional on the first-order component of the portfolio
difference, kP(1). Applying equation (6) of the paper, the second order
component of the model E;g(Xy, Xiy1) = 0 is equal to

MiXy(2) + MoE,y X1 (2) + E,Oy = 0 (52)

where F;Oy contains the product of first-order components of model vari-
ables. These multiply second-order derivatives of the model equations at
the steady state. Let E;O5(i) be the i’th element of F;Os, corresponding to
equation 7 of the model. We have

) 1 1
E,Oq(i) = §Xt(1),M3,iXt(1) + §EtXt+1(1>,M4,iXt+1(1) +
X,(1) My, E X1 (1) (53)

where Ms; is the second-order derivative of equation ¢ with respect to X;
and My ;, Ms, are similarly defined.

While kP (1) does not enter the first-order components of model equations,
it does enter the second-order component through E;O,. We solve the second-
order component of model variables conditional on a conjectured solution
for kP (1), which is kP(1) = k¢S,(1). The Ms,;, M,; and Ms; matrices
then depend on ks. Rather than numerically recomputing these second-order
derivatives for each value of k, we proceed as follows. Portfolio shares enter
the second-order component of model equations through

kg,t(l) -
kir, (1)

and kif,(1) = 1 — k7, (1), kf,(1) = 1 — kf7,(1). We first numerically com-
pute the second-order derivatives at ks = 0. We then make an analytical
adjustment that adds terms to the second-order derivatives depending on k.
Specifically, portfolio shares enter through wealth accumulation and asset-
market clearing conditions. Using these equations ((48)-(49) and (51)-(52)

A1) + 0.5k (1)
A1) — 0.5kP(1)

kA (1) + 0.5k,5,(1) (54)
EA(1) — 0.5k,S,(1) (55)

k
k



in Appendix A of the paper), and focusing on the second-order components
that depend on kg, we have

) + other

we1(2) = ! _2¢0 K4Sy (1) < e (QHt:—lg) ) q;@ﬁﬁ) (%I;iil)(l_))QFt(l)) > + other
" 1 — 46 g (qre+1(1) = qre+1(1)) — (qae(1) — gre(1))
we1(2)" = — 5 ksSy(1) ( 4 +(1— TZ) (agrl(w —Z?F,Hl(l))q
qmi(2) = —%ksSt(l) [(2ac — 1) pre(1) — w/(1)] + other

qri(2) = %ksst(l) [(2a — 1) pre(1) — w/(1)] + other

where “other” stands for all the other second-order terms that do not depend
on ks and r, = (1 —¢)/(1 — ). Starting from the second-order derivatives
of the model equations at ks = 0, these equations allow us to analytically
adjust the second-order derivatives Ms;, M,,; and Ms; as a function of k.
Substituting the solution of the first-order components of model variables,
described by (51) and (49), into the expression for F;O5(i), we have

E0(i) = %St(l)’BéMSJBQSt(l) + %st<1)'N;B;M4,iBglet(1)
%Ete;HN;B;MMBz,NQetH + S,(1) ByMs ; ByN, Sy (1)
This is written in a more compact way as:
E,04(i) = S;(1) K;S¢(1) + 0%k;
where:
K, = %BéMgﬂ‘Bg + %N{BQMMBQNl + By M ; By Ny
k; = trace (%NQBQMMBQNQ)

This uses that var(e; 1) = o9l, where I is a 2 by 2 matrix.
It will be useful to write the quadratic terms in S;(1) as a vector. Writing

10



element i of S;(1) as S;;(1), define

Sp1(1)?
S1(1)Si2(1)
Sa(1)S:s(1)
Sta(1)S:1(1)
St2(1)S:s(1)
St3(1)S:1(1)
St3(1)Si2(1)

Sy 3(1)?

E;O4(7) can then be written as a linear function of Y;:

E0a(i) = (KI)Y; (2) + 0k, (56)

where:

vec __
Ko =

K
K2
Kiis
Ko
Ko
K3
Kz
K3

K33 |

where K, , is element (x,y) of matrix K;, and vec denotes the vectorization
of a matrix. (52) can then be written in a matrix form as:

M X:(2) + MyEi X11(2) + KY; (2) + ko® =0 (57)
where:
(Kfec)l kl
K= . k=1 ...
(Kgeey ks

To compute the dynamics of Y; (2), start by writing

EiYi (2) = (Et5t+1(1)5t+1(1),)vec

11



From (49) we write:
EiS1(1)Si1(1) = NSy (1)S,(1)'N| 4 0® Ny N,
Write N, as:

!
LG

N, =
n
where n} is row ¢ of the matrix N;. Then element (7, j) of N;S:(1)S:(1)' Ny
is equal to

n;S¢(1)S:(1)'n; = [(nin;)vec}/}/} (2) = 2:;Y: (2)
We then have

2112 (2) .. 213Y:(2)
EtSt+1(1)St+1(1>, = + 0-2N2N£

z31Y;(2) .. z33Yi(2)
Also define
= (NN
which implies:
(EiSe1(1)Sei1 (1)) = 2V, (2) +0°n (58)

where

21,1

21,3
221

223
23,1

23,3

2.2 Second-order solution for the control variables

The preceding analysis allows us to write the second-order component of
model equations as

0 = MX,(2)+ MyE X y1(2) + KY; (2) + ko?
EY1(2) = ZY,(2) +o%n

12



In order to compute the second-order component of control variables we pro-
ceed as we did with the first-order solution. Define M = —M;'M; and
diagonalize M': M’ = EVQEV~'. This implies: M = (EV')"!QEV’. De-
fine X, (2) = EV'X, (2). Then the system becomes

EtXt+l (2) = QXt(2) + Q)/t + %02
EY; 1 (2) = ZYi(2) +o°n

where k = —EV'M; 'k and Q = —EV'M, 'K.
Define the matrix G such that: GZ — QG = Q). Specifically, we write

G —
9s
where ¢} is row ¢ of the matrix G. Let ¢} be row i of matrix ). Then the row
1 of GZ — QG = @ becomes

9iZ = Nigi = q;

where )\; is the i’th eigenvalue on the diagonal of the matrix Q. It follows
that
Z'g - Ngi=q=g;= (2 = NI g

where [ is a 9x9 identity matrix.
The two equations of the system are then combined as:

E(Xi11(2) — GYin1 (2)) = Q(Xi(2) - GY, (2)) + ko

where k = k — Gii. We again identify the eigenvalues in €) that are zero or

explosive (as in the first order solution), and set the corresponding rows of
X(2)—GY;—ko” to zero, where k = (I—Q)~'k. This gives EV’(subs)X;(2)—

G(sub, .)Y; (2) —k(sub)o? = 0, so that the second order solution of the control
variables is

CVy(2) = —(EV'(sub,4:8)) 'EV'(sub,1:3)S,(2)
+(EV'(sub,4 : 8))"'G(sub,.)Y; (2) + (EV'(sub,4 : 8)) ‘k(sub)o>
= EVSi(2) + GY; (2) + keo? (59)
We write A
R g1
G=1| ...
gs

13



where §; is row i of G. Therefore for control variable i the part of the second-
order solution that depends on the product of first-order component of state
variables is ¢;Y; (2). We can convert this back to matrix form: §;¥; (2) =
Si(1)'g7Sy(1), where the first three elements of §; make up the first row of
g;", the second three elements make up the second row and the last three
elements make up the last row. We continue to use the superscript m below
to convert vectors to matrices in this way.
For goods and equity prices we will write this second-order solution as

Pre(2) = psSi(2) + 8e(1)pssSe(1) + ko (60)
qne(2) = ¢.5:(2) + Si(1) 4 Se(1) + kg0 (61)
qre(2) = ¢./5H(2) + Si(1)'q5.8(1) + k) o (62)

Note that pss, ¢fI and ¢f, need not be symmetric. It is ok if the 4, j and j,i
elements differ, as all that matters is their sum.

2.3 Second-order dynamics of the state variables

We now turn to the dynamic process of the second-order components of the
state variables. Let again B; be a matrix that extracts the rows correspond-
ing to the state variable accumulation equations. Without the expectation
operator applied to accumulation equations for the state variables, we have

BlMlXt(2) + BlMQXt+1(2) + 3102 — 0 (63)
Using (59) we write:

Xi(2) = [ C’VE(%) ] [ EVS(2 )fég (2) + keo? ]

— B2+ GY,(2)+ (64)
where:
I3.3 =~ | O3z9 | Osa1
me[w]e=l] W]
Substituting (64) into (63) we have
Si11(2) = N1Sy(2) + By (2) + BsYiy1 (2) + BgB1Og + Ngo? (65)

14



where

By = —(BiMyBy) ' BiM,G

Bs = —(BiMyBy)"" BiM,G

By = —(BiMyB,)™"

N¢ = —(B1M2B2)_1 By (M + Ms)k,

First consider the term BgB1O, in (65). Element i of O,

) 1 1
02(2) - §Xt(1>,M3ﬂXt(1> "‘ §Xt+1<].),M47iXt+1<].) + Xt(l)/M&iXH_l(l) —

= Si(1)'V1iSi(1) + €4y Vasi€rn + Si(1) Vs i€041
where

Vii= = (ByMs;By + N{ByM, ; By Ny) + By Ms ; Bo Ny

N =N =

Va; = =NyByMy;BaNs
Vi = B§M5,iBzN2 + N{B§M4,iBzN2

Here we used X;(1) = ByS;(1) and Sii1(1) = N1Si(1) + No€pyq.
Let the three rows of the model corresponding to the state accumulation
equations (the rows extracted by Bj) be rows a, b and c:

St (1)'V1 o S:(1) + €2+1V2,a€t+1 + St(l)lvz%,aﬁtﬂ
B0y = | S(1)'VipSi(1) + €1 Vaperr + Se(1)' Vapersa
Se(1)'V1eSi(1) + €1 Vo cerin + Se(1) Vs c€rpa

We can then write
Se(1)'Vi1Se(1) + €141 Vigeria + Se(1) Vigera

BGBlOQ = St(l)’\:/gJSt(l) + €;+1‘52’2€t+1 + St(1>/‘52,3€t+1
Si(1)'V315:(1) + €1 Va1 + Si(1) V€01

where
Vit = Bei1Via+ Bei2Vip + BeisVie
Vie = DBegi1Vaa+ BeiaVoy + BeisVae
i3 = DBgi1Vsa+ BeiaVap + BeisVa,e

15



where Bg ,, is the element (z,y) of matrix Bs.
We now turn to the term BsY; 1 (2) in (65):

B5Yi1 (2) = Bs (Se41(1)Se1 (1))
Using (49) we have:

St (1)Se (1) = NiS,(1)Si(1) N + Noepsrel oy Ny +
NISt(1>€;+1N£ -+ N2€t+1St(1)/N{

We have already derived that
(N1Sy(1)S,(1)'Ny)™ = Z2Y; (2)
We can similarly derive that
(N2€t+1€2+1N£)UeC = Zyteps

where
€2
Hit
€EHtEFL
eps _ b 9
Y; =
€Ert€Ht
2
€rt

and

21,1

21,3
221

\N]]
I

with

where 7 is row ¢ of Nj.
Next turn to N1Sy(1)e;, 1 N5. Element (i, j) of N1Si(1)e, N3 is equal to
(n; is row i of Ny and 7} is row j of Ny):

n;Sy(1)epy 1y = Sy(1)'ninfe

16



Similarly, element (7, j) of Na€;1.5; (1) N7 is equal to:
nger1Si(1)'ny = e ninSi(1) = Sy(1) nyngera
So the element (7, j) of N1Si(1)€}, N5 + Noer15:(1) N7 is:
Si(1) [t + nyny] €41
Therefore row i (out of the three rows) of
Bs (N1Si(1)€} 1 N 4+ Naery15:(1)'Ny) ™
is written as:

Bs;15:(1) [niny + nin] €41 + Bsi2S:(1) [na7iy + nofty] €441

+Bs;.35:(1) [n1fy + nsny] €141

+Bs ; 4S51(1) [naft] + nafiy) €1 + Bs,i5Si(1) [nany + nafiy)] €411

+Bs,;65:(1) [

+Bs,;75:(1) [
(L)

+B5,i,95t 1), ngT_Lé + ngﬁg

=/ =/
NoTly + N3Tiy) €141

ngﬁll + nﬂ_lé] €t11 + B5’i7gst(1), [TL37_1/2 + ngﬁg] €11
]

€t+1

where Bs , , is the element of Bs on the xth row and the yth column. This
is written in a more compact way as:

.
St(l) N5,z‘€t+1
where
3 3
V. . — § § m =/ —/
N57i - BS,i,v,w (nvnw + nwnv)
v=1 w=1
m 3 3 m m Iq.

where B, ., is element (v, w) of matrix B, where By, is:

Bs;1 DBsia2 DBsigs

m
B57i = Bs;s Bsis DBsg
Bsi7 Bsis Bs,g

Here By, is the matrix form associated with row 4 of Bs. Similarly write

NS,i — (B4 + B5Z)Zn
Noi = (B:2)"
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These are the matrix form of row ¢ of the respective matrices.
Putting all these steps together, (65) becomes

St1(2) = NSy (2) +
Si(1)' N3 18(1) + €, 1 Nagerrr + Si(1)' Ny 1641

+ | Si(1)'N328:(1) + €, 1 Naserp1 + Se(1)'Nsoer1 | + Noo® (66)
Si(1)' N3 35¢(1) + €1 Nygerr1 + Se(1) N5 z€r41

where
N3; = N3,i + ‘72‘,1
Ny Nyi+ Via
Ns; = N5,i + ‘71',3

)

This describes the dynamics of the second-order components of the state
variables.

2.4 Expected portfolio return

We finally derive the second-order component of the expected portfolio re-
turn, Etrfﬁ@), which is needed when computing the second-order compo-
nent of the Bellman equation in section 3. We obtain the second-order com-
ponent of Tfﬁ from the second-order component of equation (61) in Appendix
A of the paper. This gives

i 2) = rae(2) + (1= k0) (rris(2) =t (2) = 7) + pi(2) — pria (2)
(a1 (1) = rren (1)) ki, (1) +

%k(o)(l = k(0))(rmes1(1) = rrea (1)) (67)

Start with the expectation of the last two terms in (67). As the expected
excess return is zero to a first order and the portfolio shares are known at
time ¢, we have

E(ripe1(1) — rpe(1)kj1 (1) = ki By (rgs (1) = 7pega (1) =0

From the first-order solution the first-order component of the excess return
is proportional to the innovation €/ ; since the expected excess return is zero

18



to a first order. We write the first-order component of the excess return as
rii+1(1) = rpe(1) = rpped,;. Therefore

Ei(raia(1) —rpea(1))? = 2r% po?

As shown later (in section 4), the expected excess return is also zero to a
second order, so the expectation of the second term in (67) becomes:

Et(TF7t+l(2) - TH7t+1(2) — 7‘) = —7
and (67) is written in expected terms as:

Eirti1(2) = Bt (2)+06(2) = Epea (2) = (1=k(0))7+£(0) (1= k(0))rp po”

(68)

Turning to the consumer prices, the second-order component of the home
CPI (equation 57 in Appendix A of the paper) is

1
Pt(2) = (1 - Oé)pF,t(Q) - 5 ()\ - 1) «Q (1 - Oé)pF,t(l)2
= P:5¢(2) + S1(1)'PssSi(1) + ko
where we used (60) and:
Ps = (1 - a)ps
ﬁss = (1 - a)pss - 5 ()\ - 1) « (1 - a)p;ps
k, = (1-a)k,
Using (66) this implies:
Etpt+1(2) = ﬁ3N15t<2) + St(l)/ﬁssst(l) -+ [30'2
where:
3
ﬁss = N{ﬁsle + Zﬁs(v)NQ’),v

v=1

p = PN +ky,+p

=
Il

3
trace Zﬁs(v)N4,v + N3pssNo

v=1
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We next turn to Eyrp.11(2). Using equation (59) of Appendix A of the
paper, the expected second order component of the Home return is

Erui1(2) = —qui(2) +reErquis1(2) + roErapi1(2) (69)
1 1
+§quEtQH,t+1(1>2 + §TaaEtaH,t+1(1)2 + rgaBrquie1(1)ap 1(1)

where 7y = (1 — ) (1 —90) ', re = 1—rg and rgq = Taq = —7ga = 7q(1—17).
Consider the last three terms of (69) first. We can simply substitute the
first-order results. Using gz 411(1) = ¢%S¢(1), we have

EtQH,t+1(1>2 = EtSt—l—l(1),(615(1)),615515-&-1(1)
= Si(1)'N{(¢) g N1.S¢(1) + €107

where e; —trace[N( Y g N,]. Similarly, writing az ¢ 1(1) = afSi(1) +
alle;, 1, where afl = (0. 5p,0 p) and a = (1,0), we have

Bragen(1)? = S,(1) (af) a Sy(1) + €30
= Si(1) (af)/afst(l) +a (ag)IUQ
where e3 :trace[(ag )’ ag}. Finally:
Ewqmia(Vamea (1) = Et(Qlest(l) + QENzﬁtH)(@fSt(l) + agem)
= Sy(1)'N; (¢7) al’S,(1) + €0
where ey =trace [Né (¢# )/ ag]
Next consider the first three terms of (69), using (61) and (66):

QHJ(Q) - qfst(Q) + St( ) qssSt( ) + kfaz
Equi1(2) = ¢7N.Si(2) + S:(1)'GssS:(1) + Go?

where:
sts = 1q33N1+qu N31)

N6+/<:H+q

LY
I

§ = trace qu v)Naw + Nygti N,
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The last elements is: Eyag41(2) = a5,(2).
Putting all our results together, (68) becomes:

Bl (2) = 1581(2) + Si(1)745S,(1) + 7o (70)
where
re = —qy gl Ni 4 real +ps — PNy
T = —kf +7qq + 3741 + Taas + rga2

iy — P+ k(0) (1= k(0)rd s — (1 — K (0)=

R 1
Tss = _qg T+ Tglss + §quN{ (QE)IQENI
1
+Tan{ (QE)/ CLSH + §Taa (GSH)I asH + ]555 - ﬁss

3 First and second-order components of Bell-
man equation

3.1 Second order Taylor expansion
The Bellman equation for the Home country is listed in equation (55) of
Appendix A and repeated here for convenience:

2O+ (1) +()+ i (51)

= B(1 — ) B,e?O+vO+o@+fu(Se) -y (71)
+ B B

We only list the zero, first and second-order components of the constant term
v since higher order components will not matter for the analysis. We will
write the first and second-order derivatives of fy at S = 0 as respectively
Hl,H and H2,H-

Taking a second-order Taylor expansion of the left hand side of (71)
around S = 0 and v(1) = v(2) = 0, we get

oV (0)+v(1)+0(2)+F1 ()
= O +0(1) +v(2) + Hi xS
1
+5¢" O [[0(1) + v(2) + Hy 5 S + S Hon 8]
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Similarly, the first term on the right-hand side of (71) is expanded around
S =0,v(1) =v(2) = 0and )] = 7. Denote ;] = >/l —7. A second-order

expansion then gives

ev(0)+v(1)+v(2)+fH(5t+1)+(1—7)r‘ff{
Ap7H

_ O+ [1 +o(1) +0(2) + HygSi + (1 - fy)rt+1]
2
[U(l) +v(2)+ Hy g S+ (1 — ’y)fffﬂ ]

L ora-r
2 +Si1Ho 1St

The last term on the right-hand side of (71) is expanded as
I = o [1g (-]
1 oy a2
L [ ]

Combining the terms of order zero we get:

v(0) _ Beped=r
1— B (1 — qp) e(l=7)7

It is convenient to substitute this result into the remaining terms of the
second-order expansion of the Bellman equation, which gives

[U<1) + U(2) —+ HI,HSt] + % [[U(l) + U(2) + Hl,HSt]2 + S;HngSt]
|:U(1) + 0(2) + HLHSt—f—l + (1 _ ’y)fﬁ-H}

2
[(1) + 0(2) + oS + (1= )] ] (72)
+S£+1H2,Hst+l

= (1 _@Z)/) E; 1
T3

. 1 ik
B (=it + g [a- i)

where:
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3.2 First order terms

Focusing on the first-order terms in (72), we have

o() + HipSi1) = (1=) B [v(1) + HypSea (1) + (1= 1) (1)

B (1 =) (1)
= (1 =) (Hi,gN1Si(1) +0(1)) + (L = 7)raSi(1)

where we used (49) and the first order equivalent of (70), namely: Eyr?/l (1) =
rs5¢(1). This clearly implies that:

v(l) = 0
Hpg = 1=y (I—1—¢)N)" (74)

where [ is a 3x3 identity matrix.

3.3 Second order terms

Now take the second-order terms in (72).
1
Hl,HSt(Q) + 55,5(1)/ (H2,H + H{,HHLH) St(l) + ’U(Z)

— (=) (HuuSin () + o)+ S HanSiea(D)) + (1= EEIC)

45— 0B (HuaSua(l) + (1= )50+ 20/B [(1 - ()

2

Using (70) and (66) the second order terms become:

1 ! !
HI,HSt(2) + 551}(1)/ (HQ’H + Hl,HHLH) St(l) + ¢ (%)

= (L=¢)HgNSi(2) + (1= ¢") Hi g Neo” + Si(1) F1Si(1) + fro®
L= S N NS (1) + o

(1= 2)r8(2) + (1= S 1Y reil1) + (1 = 7)i? (75)
5 (L= V) BSua (1) HY g o 11 (1)

+%(1 —7)’E, (Tfﬁ(l))Q + (1 -1 - V)Et5t+1(1),H{,H7”fﬁ(1)
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where

3
I) Z Hy 7 (v) N3y
v=1

f1 = (1 = )trace [Z H1,H(U)N4,v]

v=1

1
f2=§(

The first-order component of the portfolio return is

1 — ¢)")trace [Ny Ho, 11 No|

i (1) = kO (1) + (1= k0)reea (1) +pi(1) = pena (1) (76)
Using

rai1(1) = —qui(1) + reqmir1(1) + ream1(1)
reir1(1) = —qri(1) + 79qri41(1) + reapii1 (1) + reprisa(1)

the first-order component of the portfolio return can be written as
(1) = roSi(1) + reera (77)
where 7y is as in (70) and:
re = k(0)reql Na + (1 — k(0)) (rqqX No + 74psNa) + 7 — (1 — a)psNa

with
F= [ kO)ra (1—k0)r, ]

Using the first order solution for 77}](1) the last three terms in (75)
become:

—7)S (1) Ny Hy yroSi(1) + fa0?
—7)25,(1)' 7Sy (1)
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where
1
B S e [N,y i)
fi = (1—=9")(1 —5)trace [NéH{,HTE]

Using these results along with (74), (75) becomes:

1 / ! /
§St(1) (H27H + Hl,HHlvH) St(l) + w /U(Q)

1 (/1 —¢/)N{H27HN1 +2F1 —|—?(1 —’}/)7’85—{—
= 1800y |+ = NN + 20— ) (0= DNt | (1)
+(1 = 7)?rirs
+ (1= )HygNe+ fi+ fo+ fs + fa+ (1 = )7 + 0.5(1 — 7)*rgry] o

This implies:

iy — (= UV HLENs+ fut+ fat ot fo
Yu(2) = ( (1 - 'yff j—s 0.5(1 — W)ZTE?;"E ) -

and:
Hop=(1- @//)N{HZHNl + Hj (78)

where

Hy = —HyyHig+2F+2(1 —y)re+ (1= )N H; g Hy g Ny
+2(1 =) (1 = )N H s + (1= )i

To solve for Hy i from (78) we write it in vector notation:

Hymia
Hopio
Hj i3
Hy m21
Hy% = | Hampa
Hymoas
Hj r3n
Hy o

Hypmss |

where Hy p 4, is element (x,y) of matrix Hy i, and vec denotes the vector-
ization of a matrix.
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The element (4, j) of N{Hs yN; is
A A A ~r\vecy! rrpec _ vec
n;Hy g = [(nmj) ] Hyp =n,;Hy 5
where n; is column ¢ of matrix N;. We write

nia
nis

n31

nss
It then follows from (78) that

Hyh = (L~ o) N Hy + Hy
which implies: R

Hy% = (I — (1 —¢")N) " Hy* (79)

where [ is a 9x9 identity matrix.

4 Second and third-order components of the
optimal portfolio equations

The Euler equations for optimal portfolio choice are used to solve for the
difference in portfolio shares. Using (73) and v(1) = 0, the Home and Foreign
portfolio Euler equations (equations (53) and (54) in Appendix A of the
paper) become

E, [(1 — w')ev(2)+v(3)+fH(St+1) + w’} e VAT (80)
= L [(1 _ ¢’)€U(2)+U(3)+fH(5t+1) + ¢’} G—WTf#iI"‘rgtJrl_T

and
E, [(1 — w/>ev(2)+v(3)+fF(st+1) 1 w,} e’”’”fﬂ”g,tﬂﬂ
= B [(1 - ¢f)er @@ e(si) 4] T
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where elements of v higher than third order are omitted as they are not
relevant for the analysis of second and third-order terms that follows.

A first order expansion of either relation shows that the expected excess
Return is zero to a first order:

E, (TH,t+1(1) - TF,t+1(1)) =0

4.1 Second order component of optimal portfolio equa-
tions

The second-order component of the Home portfolio Euler equation (80) is
1 2 1 2
0 = E(rrini(2) —rren() +7)+ 5B (rre (1) = 5 (riea(1))
Bt (D) (e (1) = rre (1)) +

(1 =) EHy 1S (1) (raa1(1) = rrega (1))

. H o H o .
Since THi41 = THt+1 TPt — Peya and TRiy1 = TFi+1+ Dt — Dit1, 10 follows that

1 1
§Et (rng(l))Q - §Et (Tg,tﬂ(l))Q
1

= §Et (ree (1)) — %Et (rreet (1) + Ei(pe(1) — pest (1)) Pareea (1) — 7re41(1))

so that the second-order component of the Home portfolio Euler equation

becomes

1

0= Ei(rmi11(2) = rrea(2) +7) + %Et(TH,t+1(1))2 - §Et(7“F,t+1(1))2 (81)

+E; (pt(l) — pea (1) — ’W‘fﬁ(l) + (1 - ¢,)H1,H5t+1(1)> (reag1(1) — rpaga (1))

Following similar steps for the Foreign optimal portfolio condition we get

1

0= Ei(ra1(2) —rp1(2) — 7) + %Et(TH,t+1(1))2 - §Et(7“F,t+1(1))2 (82)

B, (5 (1) = P (1) = 9B (1) + (L= ) Hy e Sen (1)) (g (1) = 7 (1)
Taking the difference between (81) and (82) we get
0 = 27— B (pe+1(1) — pe(1)) — (Pe1 (1) = pi (1)) (raea (1) — e (1))
B () = D) Gaaa (1) = e (1)
+(1 =¥ )E(Him — Hip)Sen (D) (e (1) — rrea (1))
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Since the first-order components of Home and Foreign portfolio returns are

(1) = kO0)(rmea(1) = rreea (1) + reesa (1) + pe(1) = pea (1)
(D) = =k0) (P (1) = reeea (1) + P (1) + pf(1) = (1)

i (1) = P (1) = (2K(0) = D (e (1) = reea(1) +
(Pe(1) = pera (1)) = (P; (1) = Py (1))

Use that the first-order solution of the return differential is rg.q1(1) —
TF,t+1(1) = Tc€441, Where

Te = [ 'pDE —TDE ]

Also using (74), the second-order component of the difference between the
Home and Foreign portfolio Euler equations then becomes

0 = 274 (v = 1E; ((pes2(1) — (1)) — (02 (1) — i (1)) (rrasa (1) — rppaa (1))
—Y(2k(0) = Dvar(rgss1(1) = rrea (1) + (1 — @")o®(Hyg — Hyp) Nor,

We can then solve for k£(0) as

1 T
EO) = -+
O = e —mﬂ(l»
+}7—1Et (pes1 (1) — 1 (1) (Paera (1) — rraga(1))
2 v var(rge1(1l) — reea(1))

1(1 = 9")o?(Hyg — Hip)Nor,
2 quar(rpg+1(1) — reea(l))

(83)

One can also think of this as a solution of the zero-order component of the
difference in portfolio shares, which is 2k(0) — 1.

4.2 Second-order expected excess return

The solution of k(0) is based on the difference between the second-order
components of the Home and Foreign portfolio Euler equations. Given the
solution for k(0) we now return to the second-order component of the Home
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portfolio Euler equation (81) in order to solve for the second-order component
of the expected excess return. We start by writing

1 2 ]‘ 2
§Et(7"H,t+1(1)) _§Et(TF,t+1(1)) =
L B (1) + e (D) aria(1) — 1 (1) =

2
Etrﬁ1(1)<TH,t+1(1) —rrea(l)) =

B (D) + gpms (D) (rees(D) = e (1)

— (af(l) + %pF,t(l)) Ey(reip1(1) — rrea(1)) =

1

3 Dri+1 (1) (P (1) — rreea(1))

where we used (25), the fact that the first-order expected excess return is
zero and that €7, is uncorrelated with € ;. In addition we write

ErtH (1) (ruean (1) = rega (1) =
k0)var(rmi+1(1) — rrea(1) + Eirpea (D) (rma (1) — reea (1))
+E,(pe(1) — i1 (1)) (rarps1(1) — rrega (1))

Using TF,t+1(1) = 7”%11(1) - 0‘57"3-1(1) = af+1(1) - a?—Fl(l) + 0-5(pF,t+1(1) -
pri(1)) — 0.5r2 (1), we get:

Eirpi1(1)(ra41(1) — reea(1)) =
1

1
—gvf”“(rH,tH(l) —rre1(1)) + 3 D1 (1) (Tae1 (1) — 7 (1))

The expected product of the portfolio return and excess return is then

2k(0) — 1
Etrfﬁ(l)(TH,tﬂ(l) —rp(l) = LUW(TH,tH(l) —rpiy1(1))
200 — 1

A

Eppi1(1)(rai41(1) — rpea (1))
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Using these results, (81) becomes

0 = Ei(rg1(2) —reea(2) +7) +

(1 =) 2 Epren (D) ~ e (D)
— %var(rﬂtﬂ(l) —rr1(1)) +

(1 =) Hy 5 ESea (1) (rai1 (1) — rpgga (1))
Using (83) we get

E(rinen(2) — rronn(2)) = —~(1— ) (Hog + Hyp)o®Nor! (84)

2

(84) shows that the expected excess return is zero to a second order. This can
be seen as follows. Because of symmetry, the first two elements of H,; y are
equal to minus the first two elements of H; r as they multiply cross-country
differentials. The last element of H; g is the same as the last element of H
as they apply to the worldwide shock. The first two elements of Hy g+ Hy r
are then zero. Writing wpp as the coefficient multiplying €/, in the first-
order solution for wf, we have

1 -1
'DE
/
Nor e = Wpr —WDE
1 1 —TDE
2 2
2
= rpr | 2wpe
0

Since the first two elements of Hy gy + H; p are zero, it follows that (Hy g +
H, p)Norl = 0 and therefore Ey(rpy11(2) — rpi+1(2)) = 0.

4.3 Third order component of Home’s optimal portfo-
lio equation

We will denote & = o — x(0) for any variable x. A third-order Taylor expan-
sion of the left-hand side of (80), treating the sum of terms in the exponentials
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as one variable, is equal to (ignoring the multiplication constant e(=)7)

2
1 . R R ) 3
+=(1—4) ( Frr(Seat) = VP + Frecn + Pe — Peer +0(2) + v(3))

(1= ) (Furl(Susa) = 7 + Praes + B = P +0(2) +0(3))

1 ) X o 2
(1—19) (fH(StH) - ’Vrfﬁ + Prgs1 + Dr — Deyr +0(2) + U(3))

6

+1 <—77§ff{ + THt1 + P — ﬁt+1>
1 ) R o 2
+§¢/ <—77"f3§ + THt+1 + D — pt+1>

1 / ~p,H ~ ~ ~ 3
+6¢ =Yl T THt+1 + Pt — Prta

The right hand side of (80) is the same except that 7z, is replaced by
Tri+1 — 7. Combining both sides of (80) we get

0 = E(Pus1— Tl +7)

1 . .
+§Et ((’f’H,t+1)2 — (Pris1 — 7’)2)

+(1 = Y)Ey(Prgs1 — Prepr + 7) (fa(Se1) +0(2) +v(3))
+E (P — Pren + T)(_foﬁ + Pt — Dey1)
+0; 5

1 . .
gEt ((TH,t+1)3 - (TF,tﬂ)g) +

1 ) . ) PO
+§Et ((7‘H,1t+1)2 - (TF,t+1)2) ("Wfﬁ + Dt — Pr1 + (1 — @D/)fH(StH))
1 R R N R R 2
+§(1 — ) E(Trir1 — Trisr) (fH(5t+1) — P+ P — Pt+1)

1 . ~ R R R 2
+§¢/Et(7"H,t+1 — TFi41) <—’Y7"fﬁ + P — pt+1> (86)

In the expression for O3 we have omitted 7, v(2) and v(3) since when multi-
plied with other terms they lead to fourth and higher order terms.
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The third-order component of (85) is equal to
0 = E(rai(3) —rresa(3) + 05 (87)
+covy (TH,t+1 TEi4+1, 7't+1 + (1 =" fu(Sit1) — vrf’ff +pr— pt+1>

7B (ra (1) + (U= @) Hyn S (1) = 90 4 p (1) = pra (1)

where cov; is defined as cov,(z,y) = Eyx(1)y(2) + Eyx(2)y(1) and O3 is equal
to (86) after replacing each variable with its first-order component. v(2) drops
out as it only enters the third-order component of (85) when multiplied with
the first-order expected excess return, which is zero.

We now simplify the cubic terms in (86) by substituting the first-order
solution of all variables. Using that ry.1(1) = rii (1) + 0.5r2(1) and
rrera(1) = rii (1) — 0.5r2,(1), we have

(s OF = rreea)F) = B (302,08 + 30,0078

) = rppef., the first term of the above expression is zero because
0. Therefore

E; (TH,t+1(1)3 - 7"F,7t+1(1)3) = 3Et(7i1(1))27”£r1(1) (88)

Since r{ (1
Et(€ﬂ1>3 =

Define
L (1) = 1 (1) — ”Yrt+1(1) + pi(1) — prra(1)
Then (86) becomes

1

O3 = 5(1 — V) E(ra s (1) = e (1) (lera (1) + HLHStH(l))z

VB ) = e (D) (D) (59)

We can simplify this further by using the second-order component of
Home’s optimal portfolio equation, equation (81), which we write as

Et(TH,t+1<2) — TF,t—i—l(z) + T) +
E(ri(1) = rreea (1)) (e (1) + (1 = ") Hy gSi1(1)) = 0

We have shown that Ey(rg.1(2) — rper1(2)) = 0. After substituting the
first order solution for the variables we then must have

rpel: (lt—i-l(l) + (1 - W)Hl,HStH(l)) E1:D+1 = -7
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The variables in the big parentheses depend on S(1), €, and € ;:
L (1) + (1 =)V Hy g Sea(1) = ApSi(1) + Buel, + Crefy, (90)
As Eyel, = Eiel el = 0 we get:
2Byrppot = —1 (91)

as Fj (#11)2 = 202
Next use the fact that

Hy gSia(1) = Hy g N1Si(1) + Hy g No€ry =
frsSi(1) + fupeny + frachq (92)

where:

Jus = HiuMN

fup = Himgi+ Hipowpe
foa = Himg
where we used:
[ 1 -1
€Hi+1
HygNoer1 = [HLH,l Hi o HI,H,S] Wpe —WpDE |:€F X
t
05 0.5 +
- D
€t+1D
= [Hl,H,l Hipo Hl,H,s] WpEE1
A
t+1

Substituting (90) and (92) into (89), we get (recall that Ey(ef;)® =
Ey(efi1)? = Eiel)’en = Buela(e81)? = Erefyrefy = 0)

O3 = 20%rpg (Bu A +¢'(1 — ') fup fus) Se(1) (93)

Using (93) the third order expansion of the Home optimal portfolio (87)
is written as

0 = Ei(rg13) —rre1(3))
+20%rpp (BaAu + ' (1 =) fup fus) Si(1)

+covy (T’H,Hl — TFi+1, T’tAH + (1= fu(Sit1) — ’yrf.’ﬁ +pr— Pt+1>

7B (ra (1) + (L= @) Hyn S (1) = 3 (1) 4 pel1) = pra (1)
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Focusing for a moment on the last term, using (90), (91) and Eief}, =
Eiel | =0, we write:

7By (i (1) + (1= ) HyrSea (1) = 1 (1) + pu(1) = pea (1)) =
TAHSt(1> == —QBHT'DEUZAHSt(l)

The third-order component of the Home optimal portfolio condition then
simplifies to

0 = Ei(rgii(3) —1re1(3)) +20%rped’ (1 — ) fup frsSi(1)
+covy <TH,t+1 —Trirns i + (1 =) fa(Sipa) — il — pt+1>(94)

where p, is preset and can be ommitted from cov;.

4.4 Combining the Home and Foreign optimal portfo-
lio equations

Following similar steps for the Foreign country and writing (analogous to
(92) for the Home country)

HipSii1(1) = frsSi(1) + froeog + fracis (95)

the third-order component of the optimal portfolio equation for the Foreign
country is

0 = Ei(rus(3) —rrea(3) +20%rppd’ (1 — ) frp frsS:(1)
+covy (rfjrl, ’I“Zj_l + (1= 9") fr(Sp41) — VTtpﬁrFl - p:+1>
where 72, = Tg i1 — TR

Taking the difference between the third-order component of the Home
and Foreign portfolio Euler equations we have

0=20"rppy'(L — ') (fupfus — frofrs)Si(1) (96)
+covy (rﬁrl, (L =) (fu(Ser1) — fr(Sis1)) — V(T?ﬁ - Tfﬂ) — (P41 — plkﬂ))
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The second-order component of Home and Foreign portfolio returns are

@) = KO)rma(2) + (1= KO)(rre(2) = 1)+ 1l2) — pia(2)
+2h(0)(L = KO) (2 (1)) + 72, (D, (1) (o7)

R = (1= KO) (e (@) =)+ kO rren(2) +5i(2) — pia(2)
kO = KO)) (2 (1)) = 2 (DRE, (1) (98)

The difference is

i (2) = rih(2) = (260) = Dra(2) + ((2) = 17 (2)) = (e (2) = pia (2))
+ria (D (1)

The first-order component of the portfolio return difference is

rit (1) = 7 (1) = (2k(0) = Dy (1) + (1) = (1) = (pen (1) = 1 (1))
Substituting the first and second-order components of portfolio return
differences into (96), we have

0 = 20%rppy'(1 =) (fupfus — frpfrs)Si(1)
+(1 = ")covy (rfy, fu(Sear) = fr(Sia))
—7(2k(0) — Dvar,(r,) (99)
+ (v — 1) cov, (Tt+1’pt+1 P:H)
—yk (Vvar(r,(1))
where vary(z) = 2Ex(1)2(2) and var(rZ, (1)) = 2r%go?.
We can use this to solve for k”(1):

B vary(rgy) v —1cov(ry, P — Piiq)
R e 1) I T 2 1)
)\ COVy (7’,{117 fr(Si1) — fF(St+1))
=9 Jvar(rPa (D)
] n(fupfus — frofrs)Si(1)
+20%rpp’ (1 — ) var (B (1) (100)

This corresponds to equation (43) of the paper, where er, ;1 = 7}21 and using
that from (92) and (95)

Ey (fr1(1)? = free(1)?) 1oy (1) = drppo” (fusfup — frsfrp)
where fr11(1) = Hy g Sia(1) and friyi(1) = HipSipa(1).
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4.5 Computing third-order expectations

Let Ry and Ry denote, respectively, the first and second-order components of
rtDH. Similarly, let F} and F, denote the first and second-order components
of fu(Sii1) — fr(Siy1) and Py, P, the first and second-order components of
Pt+1 — Pip- In order to evaluate (100) we then need to compute E;R;R,,
EtRlFQ, EtRlpg, EthFl and Ethpl.

The computation of these terms uses the second-order solution to the
model. Let’s start with the first and second-order terms of ;. We know
that the first order term is rppel ;. Using the definitions of returns (equa-
tions (59)-(60) in Appendix A of the paper), the second-order components
are

TH1(2) = _QHt(z) + 74qm, t+1<2> + (1 —=7¢) ap+1(2)
+ 5 [(qr441(1))% + (ama41(1))* = 2qm 401 (Dag 1 (1))
re1(2) = —QFt(2) T’qQFt+1( )+ (1 —=1g) (arpi41(2) + Prita(2))
L (qri+1(1))? + (ape1(1))? + (Prac1 (1)) + 2ap01 (D)ppesa (1)
2 —2qp41(1)ape1(1) — 2qpea (1)presa (1)

where 7, = (1 — ) (1 — )" and 74y = r, (1 — r,). The second-order solu-
tion for the relative price of Foreign goods and equity prices are (60)-(62).

The second order components in 75,41 and rp.41 take four different forms:
(i) quadratic in S;(1), (ii) proportional to ¢, (iii) quadratic in the innovations
€+1 and (iv) product of Si(1) and innovations. We focus on the difference
between rp,+1(2) and rg:41(2). We know that the expected value of this
difference is zero. We can then ignore (i) and (ii) as they are known at time
t. We can also ignore (iii). The expected value of those terms in Ry is zero.
When multiplying them with first-order terms later on, we can therefore
ignore them to the extent that the first-order terms are linear in the state
space (the expected product of those terms in Rs times S;(1) remains zero.)
To the extent that the first order terms are linear in innovations, we can
ignore them as well since the expectation of any cubic form of innovations
is zero. The only relevant second-order terms are therefore ones that are
products of the state space at time ¢ and innovations at ¢ + 1. We will
therefore focus on those terms only.
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Using (60)-(62) the second-order component of the excess return is

Ry =rg41(2) = 7p41(2) =

= [(&" = ¢7) Su(2) + 8u(1) (55 — a50) $V) + (kg — k) o]

+rg [(a) = a77) Ser1(2) + S (1) (455 — a5y) Sern (1) + (kg — k) 0]

+ (1= rq) [ame1(2) — ape1(2) — psSis1(2) — Sipa(1) PssSraa (1) — ko]

1 (qr1,0+1(1))% + (ap 41 (1)) = 2,001 (L) ap 1 (1)
57 —(qri+1(1))? = (ape1(1))* = (Pre+1(1))? — 2aps41(1)prasa (1)
+2qrir1(1)apii1(1) + 2¢rir1(1)presa(1)

The productivity terms are exactly first-order by assumption, hence ap;11(2) =
ari+1(2) = 0. Using (49), (66) and

apin (1) = pami(1) + empn = alSi(1) + agern

ape1(1) = papi(1) + eppn = ag Si(1) + age

the terms in the expression for rg;11(2) — rpe1(2) that involve the product
of S;(1) and model innovations are

(1) N5 1€t+1

[rq (q — 4 ) (1- )ps] St(1)' N5 2€141
(1)/N5 3€t41

+2St(1)_/N{ [Tq (qu st) (1- q) pss] N2€t+1 ]

281N [ (a)' a2 = (a)' 0" = (o) 2o + (a5 s + (p3)' 08| Nacrn
+1T +2St 1)/|: 5 s) agi| €41
2 251N [(al!) aff - [(qs) ()] af]
_ —25,(1) [ (al!)' gt = (aF) [aF = p.] | Nacss
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Another way to write these terms is

St(l)/ [Z [rq(qfv - qiv) - (1 - Tq) ps,v] N5,v] €t+1

v=1

q - qus) —(1- Tq)pss} Na€pya

[(Qf)’qf — (@) qE — (o) ps + (aF) ps + () 0| Noersa
ag - (af)’ag} €t41

g — (al)'ql'] Naera

f),ag - (qf)/aﬂ €41

+25,(1)'Ny |

where qu is zth element of the vector ¢/ and similarly for p, .. We can write
these terms in a compact way as S;(1) Me, 1. Since R, = TDEeng = €41,
it follows that

E;R\Ry = 0*S;(1)' Mr! (101)

We next turn to P», the second-order component of py,1 — p;, ;. We have
1
pea(2) = (1= @)pren(2) = 5l =) (A =1) (prea (1)) (102)
. 1
Pia(2) = appen(2) — ol — @) (A —1) (pre1(1))? (103)
Combining this with (60) we have

Py, = Pt+1<2) - pf+1(2) = (1 - 204) (PsSt+1(2) + St+1(1)'p535t+1(1) + kp‘72)
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Using (49) and (66) this becomes

P, = (1—=2a)p;Ni1Si(2) + (1 — QQ)psNeUz

+(1 —2a)S;(1 (Zpstg U) Si(1)
3
+(1 — 2@)62_,'_1 (Z ps,vNéL,U) €11

v=1

+
—_
|
DO
S
o
E
HZ
B
=
SJJ

( )St

+(1 - 204)6t+1N2p53N26t+1
(]_ — 20&)25,5(1) 1p55N2€t+1
( Vkpo®

Recall that P, = (1 — 2a)ps [N1S:(1) + Na€yy1]. Using these results and
focusing on the terms in the cross product of S;(1) and €1 we have

E.R\P, = 2(1—2a)0?S,(1) N{pssNor' (104)
(1 —205 O' St (Zpst5v> e
E,RyP, = (1—2a)0?S,(1)M N}y, (105)

Finally consider F», the second-order component of fr(Sii1) — fr(Sit1).
We have:

1 /
Fy=(Hig— Hip)Si11(2) + §St+1(1) (Ho,w — Ha ) Si41(1)
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Using (49) and (66) this becomes

Fy =
(Hypyr — Hy p)N1Si(2) + (Hy g — Hy ) Ngo?

+5:(1) (Z(HLH,U - Hl,F,v)NS,v> Sy(1)

v=1

3
+€;+1 (Z(Hl,H,v - Hl,F,v)N4,v) €t+1

v=1

3
+5:(1) (Z(HI,H,U - Hl,F,v)N5,v> €t+1

v=1

1

+§St(1)IN{(H2,H — Hy p)N15S:(1)
1

+§€;+1N£(H2,H — Hy p)No€ryq

1
+§St(1)IN{ [(Hom — Har) + (Hop — Hap)'] No€ri1

Recall that Fy = (Hy g — H1r) [N15:(1) + Na€ry1]. Using these results and
focusing on the terms in the cross product of S;(1) and €41, it follows that

E Ry Fy

Ei Ry Iy

1

= QUQSt(l)'N{ [(Ho,w — Hop) + (How — Ha )] Nor
3
+05,(1) (Z(HLH,U - HLF,U>N5,U) r (106)
v=1
= 0*S{(1)MNy(Hy g — Hy ) (107)

To summarize, we have

E.R\ Ry
EiR Py

EiRy P,
ERFy

E Ry Fy

= 027’6]\7[/5,5(1)

= (1—2a)0%r, [2N£ (pss) N1+ <Z ps,st),v) ] Si(1)

v=1

= (1 —2a)o?psNoM'S,(1)
— o2 [ %Né (Hog — Hop) + (How — Hap)'| Ny

7 Si(1
+ (213,:1<H1,H,v - Hl,F,'L})NE),'U) ‘| t< )

= 02(H17H - HLF)NQM,St(l)
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Using this (100) becomes
k(1) = koSy(1) (108)
where

1
291y ks = (1 — W)Te§N§ (Hoz — Hop) + (Hym — Hap)'| Ny

3

+(1 - 1/}/)Te <Z(H1,H,U - Hl,F,v)NS,U>

v=1
+(1 — 1/},)<H17H — HLF)NQM/
—27(2k(0) — 1)r M’

3 /
+(y — 1)(1 = 2a)2r Nj(pss)' N1 + (v — 1)(1 — 2a)r, <Z ps,vN&v)
+(y = 1)(1 = 2a)ps Na M’
+2rppd’ (1 =) (fupfus — frofrs) (109)

where we used var(rZ,(1)) = 20%r} .

4.6 Third-order component of expected excess return

We have already shown that the first and second-order components of the
expected excess return are zero. We now turn to computing the third-order
component of the expected excess return. We start by taking the sum of the
third-order component of the Home portfolio Euler equation in (94) and its
foreign equivalent:

2E;(rs+1(3) — rrer1(3)) = —20°rppy’ (1 — ') (fupfus + frofrs) Si(1)
—covy (1, 2y + (1= 4) (fu(Ser) + fr(Sei1))) (110)

“+cov, (rﬁrl, ol (Tfjﬁ + rfﬂ) + (pt+1 —i—pfﬂ))
Taking the sum of (97)-(98) we write:

i (2) + 0 (2) = T (2) + reea(2) — (1 — K(0)27
+pe(2) + P (2) — prea(2) — pf 1 (2)
+E(0)(1 = k(0))(rf, (1)) + 124 (1) (ki (1) — k£, (1))
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Similarly:
i (D) + iy (1) = 7 (1) + reea (1) + po(1) 4+ 97 (1) = praa (1) = pfa (1)

Using these results we write:

covy (Tfil, Tf_’s_bl[ + Tfﬁ) = 205“1:(7}111’ Tﬁi—l)
_Cévt(rg_lvpt+1 + pra) + 2]{24(1)““7“(7"&1(1))

where we used E;(rf;(1))® = 0. Substituting this result into (110) yields:

Ey(ri1(3) = rpp1(3)) = =0%rppd’ (L =) (fupfus + frofrs) Si(1)
— (1 — ) cov, (rﬁl, ’I“Zj_l) +0.5(1 — ) covy (Tg_l,pt+1 + pfﬂ)

—0-5(1 - w/)C&Ut (Tgrp fH(St-i-l) + fF(St+1>) (111)
+EA (Dwvar, (rtDH(l))

The last term can also be written as 202r2 ,vk1S,(1) where we have written
the first-order solution of the average portfolio share as k*(1) = kAS;(1).

The term involving the consumer price indexes is also relatively easy to
compute from (102)-(103):

covy (Tﬂl,ptﬂ + p:+1) = 1— 2&(EtR1P2 + E Ry Py)

—Oé(l - Oé)()\ - 1)202T5N£p;pleSt(1>

The two terms in (111) left to compute are then cov,(rf,r{i;) and
cov (rB, fu(Sie1) + fr(Sit1)). Let Ry and R4 denote the first and second-
order component of r{}; and F;* and F3' be the first and second-order com-
ponents of 0.5 [f#(Si+1) + fr(Sir1)]. We therefore need to compute E; Ry RS,
E,RyR{, E,R | F§* and E,RyF{.

In the second-order terms again only products of S;(1) and €, are rele-
vant. These terms in Rj are computed analogously to those for Ry computed
above and can be summarized as S;(1)'M“¢,,1, where
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3
M2 =05 [Z [qufv + qiv) +(1— Tq)ps,v] N5,v]
=1

+N] [7q(Ges + 4a0) + (1= 7¢) pss] No

+0.574, Ny [( DYl + @Y al + vs) ps— (a) ps — (ps)’qf] N,
+0.5r4 [(a)'alp + (al)'af)

—0.57q [( Qg )qs + (a s)qs]N2

—0.574¢ N7 [(¢5)'ag; + (q7) af]

+0.5744(aX) ps Ny + 0.57,, N7 (p,) aky

Therefore ~
E,R\ R} = 0S,(1) MAr! (112)

The innovation component of Ri' is 72¢,,1, where

rd = 0.5r,(qf + qF )Ny + 0.5(1 — 1g)psNo 4+ 0.5(1 — ) (aft + afy)

Therefore B
E;RyR{ = 02S,(1)' M (1)’ (113)

Analogous to (106) and (107) we have

1
ERyFy = 20 SN [(Hopt + Hop) + (Hon + Hap)] Nort
3
+0.5025,(1) (Z HIHU+H1FU)N5’U>
E.RyF* = 0.50%S,(1YMNy(Hyp + Hy )

Substituting these results into (111) we have

Ey(raii1(3) = rria(3)) = a?rsS, (1) (114)
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where

rs = —rpp¥' (1 =) (fupfus + frofrs) — (1 —17) [Te (MA)/ + T?M/]

3 !
+ (1 - 7) T€Nép;5N1 + 0.5 (]- - ’7) Te (Zps,vN5,v)
v=1
+0.5 (1 — ) ps NoM" — (1 — v) a(1 — @) (X — 1)rNop.ps Ny
1

—(1— iﬂ/);lTeNé [(HZ,H + Hyp) + (Hom + H2,F)/] Ny

3

/
(1 — ¢")0.5r (Z (Hy.go + Hypo) N57v>

v=1
—(1 —9")0.5 (Hy g + Hy p) NoM’
+2rh prky

5 Solution method

The numerical solution proceeds as follows. Conditional on £(0) we obtain
the first-order solution summarized by (45) and (49). The first-order solution
also gives us Hy y from (74), which is based on the first-order component of
the Bellman equation. H; p follows by symmetry. We use these results to
compute a new value for k£(0) from (83). This procedure therefore yields a
mapping of k£(0) into itself. This mapping is non-linear. The resulting fixed
point problem is solved numerically. At this point we have solved for k(0) as
well as the first-order component of all variables other than kP.

Next, we conjecture a solution for the first-order component of k”: kP (1) =
ksSi(1). This affects the second-order component of model equations (see
the discussion in section 2.1). Conditional on this first order solution of
kP we then obtain the second-order solution summarized by (59) and (66).
The second-order solution is then used to compute Hy g from (79), which
is based on the second-order component of the Bellman equation. Hj g fol-
lows by symmetry. We then use these results to solve for kg in (109). This
then leads to a fixed point problem in k,, which is solved numerically. At
this point we have solved for the first-order components of both kP and k;*,
which yields the first-order components of all portfolio shares.
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6 Balance of payments accounting

6.1 Definitions

At the end of period ¢ home agents have a nominal wealth of (1 — i) W, P,
(measured in terms of the Home good) invested in equities, and Foreign
agents have a nominal wealth (1 — ¢) W;* P} invested. The nominal value of
the various holdings of equities, as well as the quantity of shares held by each
agent, is outlined in the table below:

Nominal value Quantity of shares
Home agents’ wealth (1 — ) WP,
oNLH
in Home equity (1 =) kjj WPy Gl = %
_ Y
in Foreign equity (1—v)(1—kf,) WP | GE, = u w)(lQiI:’t)WtPt
Foreign agents’ wealth (1 =) W}P;
_ _.F * D*
in Home equity (1—v) (1 — ki) WePr | G, = a w><1Q];F;t)Wt i
: : . F oy s Fo_ Q—wkE WP,
in Foreign equity (1 =) kp WP Gre=—g.

The home net foreign asset position is the difference between gross foreign
assets, GA;, and gross foreign liabilities, G L;:

GA, = (1—v)(1—kjj,) WP, (115)
GL, = (1—v)(1—kp,) W) P/ (116)

= (1 - ¢> [(1 - kg,t) WP, — (1 - kg,t) Wt*Pt*}

We next turn to trade flows. The value of Home exports during period ¢
(measured in terms of Home good) is simply the consumption of Home goods
by Foreign agents:

X[ =(1—a)(P) oWy

Similarly for the value of Foreign exports:
X[ =(1—a)(Pr) (P oW,
so the Home trade balance is

TB = X' = X' = (1—a)y |(F) W — (Prs)' " (P)' W,
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Note that it is also the value of output minus consumption:
TB; = Apy — WP,W; = —PpyApy + PFW;
which can also be written as:
2TBy = (Auy — PriAry) — o (PW, — PYWY) (118)

We now look at international factor payments in period t. The quantity
of foreign shares owned by home residents at the beginning of the period is
G, 1. Each share receives (1 —6) Ap, in terms of Foreign goods, so the
payment in terms of Home goods is:

GD' =G}, (1 —0) PryAp, (119)
Similarly the dividend payments of the Home country are:
GD; =Gy, (1—0) Ay (120)
The net dividend income of the home country is then:
ND,=GD/" —GD; = (1-0) [G},_1 PreAry — Gy 1Am] (121)

The current account is the sum of the trade balance and net dividend
income:

CA;, =TB;+ ND, (122)
The capital gain on Home gross foreign assets in period  is
GK/'=GE, 1 [Qri — Q] (123)
Similarly the capital gain on Home gross foreign liabilities is
GK{ = Gl [Que — Qo] (124)
and the net capital gain is:
NEK, = GK!/'-GK{ = G}, 1[Qr: — Qra—1]—Gls 1 [Qus — Qua—1] (125)

Recalling that positions are measured at the end of the periods, the Home
gross asset position change between period t — 1 and t is the sum of gross
financial outflows, GFF, and capital gains, GK}:

GA, — GA,_, = GF!' + GK!
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Similarly for the Home gross liability position:
GL;—GL;, = GFF + GK}F
In net terms we have:

NFA,— NFA,, = (GF! -GFf)+ (GK/ - GK])
= NF, + NK, (126)

where N F; stands for net financial flows (net capital outflows). In addition,
the net financial flows have to match the current account:

NFt - CAt

This is simply a consequence of the dynamics of the net foreign assets re-
flecting the trade balance, net dividend income and net capital gains:

NFAt:NFAt_1+TBt+NDt+NKt (127)

We define the passive portfolio share of Home equity as the share when
the quantities of assets are held at the zero-order levels, and asset prices take
their actual level:

L Qmuzk (0)
4" Quk @+ Gr (1)
kfjp B QH,t(l_k(0)>

Qut (1 —k(0)) + Qrtk (0)

6.2 First-order components
We focus on the first-order components of all balance of payments variables.

Some key zero-order components are:

GA(0) = GL(0) = (1 — ) (1 — k (0)) W (0) :%(1_;@(0»

(1-k©O)1-6 , GK"(0)=GK"(0)=0

GD"(0) = GDF():
=(l—a)

X7 (0) = X*(0)
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We scale all variables by the zero-order component of GDP, which is 1,
so they can all be interpreted as percentage of GDP. The resulting variables
are indicated with lower case letters. The asset positions (115)-(117) are:

1—1

gar (1) = (0= K O) (V) 4+ (1) = b (1)
o (1) = S [ = (0 (0] (1)+ 5 (1) ~ K, (1)
_1-y (1 -k (0)) (wr (1) — wj (1)
nfal) = = | (1= k() (e (1) — pi (1) — 282 1) | (12

where we use k{* (1) = 0.5 (kff, (1) + kf;, (1)).
The trade flows and trade balance are:
z (1) = (1—a)[w (1) +p; (1)]
zp (1) = (T—=a)w (1) + Ap (1) + (1 = A) pry (1))
_ — (wy (1) —wy (1))
)= = ]\ (1) = 91 (1) = (1= N prs (1)

From (118) we also have:

DO | —
—

th (1) = amgt (1) —pre (1) —apy (1))

(pe (1) +we (1) — pi (1) — wi (1))

l\DI»—t

The dividend flows are:

gd" (1) =

(1=0) [(1=k£(0) [pre (1) + ape (1) + w1 (1) + proa (1) = gra—1 (V)] = kippy ()]
gd{ (1) =

(1=0) [(1 = k£(0)) [ams (1) +w;_y (1) +piy (1) = que (D] = kg (1)]
nd; (1) =
th(l) ( Ht(l)—aFt(l))
(1-0)(1—-Ek(0)) | + (wtfl (1) —wi )) + (pt 1(1) —pi,y (1))
+ (qri-1 (1) — grp— 1( ))
—(1—0)2k", (1) (129)
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The current account is
ca¢ (1) = tbt (].) + ndt (].)

The capital gains are

—_
<

gk (1) = T(l_k(o))AQF,t(l)
ok (1) = (1= 1 (0) A (1)
k(1) = S (= (0) [Aar (1) - Mg (1] (130

where Az, = x; — x;_1. The gross financial flows (gross outflows and gross
inflows) are

gfff (1) = Aga, (1) — gki* (1) =

= (0 (B (1) + Apr (1) ~ Mg (1)] - Ak (V]
0fF (1) = Aghy (1) — gkt (1) =
1—9

[(1 =& (0)) [Awy (1) + Ap; (1) — Aga, (1)] — Ak, (1)]

We can also check that

ca; (1) = gftH (1) - gftF (1)

6.3 Financial flows and valuation effects

The changes in positions can be decomposed between financial flows and
capital gains:
Aga, (1) = gfff (1) + gk (1)
Agly (1) = gff (1) +gk/ (1)
Anfay (1) = cas (1) +nk (1)

The net valuation effect can be split between real exchange rate move-
ments (that is movements in the relative price of Foreign goods) and equity
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price changes. For this purpose we write the Foreign equity price in terms of
Foreign goods, denoted g}, This gives

wh(1) = P - kO) | A () b A1)+ Ape ()

equity price on liabilities equity price on assets real exchange rate

The passive portfolio shares are:

kit (1) = kyy (1) = k7 (1) = £ (0) (1 = £ (0)) [z (1) = qre (V)] (131)

6.4 The drivers of capital flows

The changes in Home gross foreign assets and liabilities are written as:
AGA, = (1—v) [(1—kfj,_) AWP) — W,PAkY,]
AGL, = (1=9)[(1—kp,_q) AWSP) — WP Akp,)

The changes of invested wealth stem from savings (labor income plus dividend
income minus consumption) and capital gains on Home and Foreign equity.
Using the dynamics of home wealth we get the relation for the Home country:

A A
(1= $) A (W,R) = Si+(1 — ) Wy 1 Py {kg& TR @F,t]
QH,t—l QF,t—1
where home savings are:
S, = 0Ag, — YW, P, (132)
A Pp A
+ (1 — 9) (]- - @ZJ) Wt—IPt—l [kg,t—li + (1 _ k:g,t—l) Fit F,t:|
QH,t—1 Qth_l

Using the dynamics of Foreign wealth we get the relation for the Foreign
country:

* Tk * * * AQ s AQE
(L= ) A OVP) = S+ (0L = )WL P | (L= K)o a9
Q-1 Qri-1
where foreign savings are:
S: - HPF’tAFJ - ¢Wt*Pt* (133)
* * A 2 PF7 AF7
FO= 0= WP (1= k) 5 K
Q-1 QFi-1
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We can show that S; + S} = 0.
Gross financial outflows are the change in gross assets minus capital gains
on Home agents’ holding of Foreign equity:

GFF = AGA, - GK[
= (1= Fkige1) Se — (1 — o) WP ARy, (134)
AQHy AQF,t:|

‘H{?gtq (1 - kgtq) (1=Y) W, 1Py [ — —
’ ’ Qui—1  Qri—

Similarly for gross financial inflows:

GFF' = AGL,— GKf
= (1 - kl{:,tfl) S: - (1 - ¢) Wt*Pt*Akg,t (135)

* * AQ 5 AQ )
K (LK) (- W | - S

The first-order components of (132)-(133) are

si(1) = Oap (1) — (wy (1) +pe (1))

[ (D a 0)4 0 o )~ ania (1)
|+ (1 =k(0) (ar: (1) +pre (1) — qre-1(1))
si(1) = 0(are (1) +pre (1) = (wp (1) +p; (1))
+(1-10) (w:q (1) +pi (1

) + (1= k(0) (ams (1) = qre-1 (1)) ]
(1) +pre (1) = qre-1 (1))

Note that s; (1) = —s; (1), hence:

() = S (s - 55 (1)
= %9 lane (1) = apy (1) = pre (1)] (136)

_% (wy (1) = wy (1) + pi (1) = pf (1))

1_ wy—q (1) —wiy (1) +pea (1) = pi_y (1)
t—— |t (2k (0) = 1) [ams (1) — aps (1) — pre (1)]
- (2k (O> - 1) (QH,t—l (1) —4rt—1 ( ))
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Using (131), the first-order components of (134)-(135) are written as:

afi' (1) = (1=k(0)s (1) - (Aki, (1) = AR (1)) (137)

1-9
(G
where we used Akf;, (1) + Akf, (1) = 0. The net portfolio flows are

-9
(G
1

gfi (1) = —(1=k(0)s (1) + (Akj, (1) — AR (1)) (138)

nf (1) =21 = k() (1) = 27 (MK (1) = AR (1)

we can check that nf; (1) = ca; (1).

6.5 Components of external adjustment

The rates of return on Home and Foreign equity reflect a capital gain and a
dividend return:

Rii — QH t+1 — Qe 4+ Ditior
Qr,
Rpipn = 1+ Qren1 = Qre + Dryis1
Qry
where:
A P A
Dy = (1-10) i (1- 9)—““ daz

Dpip1 =
Qm Qry

First-order components are
A1 (1) = a1 (1) —qm, (1) drir1 (1) = apey1 (1)+pris1 (1)—qre (1)

and the return differentials are

A1 (1) —drei (1) = amea (1) — apepr (1) = prevr (1) = (qme (1) — gre (1))
1—9

rae (1) —reen (1) = R [(qrir1 (1) = qrevs (1) = (qus (1) — qre (1))]
20 i () = dre (1)

52



Using (128), (129) and (130) the dynamics of the Home country’s net
foreign assets are

nfai1 (1) = nfa (1) + thr (1) + ndiy (1) + nkyyq (1)

= nfa; (1) +thyq (1) + wl(lf_j)nfat (1)
(= kO) T (s (1) = e (1)
where we used the fact that
e (1) = 12 (1) = (1= 6) (1= £(0) (s (1) = s (1)

We rewrite the dynamics of the net foreign asset position as

nfair (1) = theyr (1) + R(0) - nfar (1)
—GA(0) - R(0) (rae1 (1) = reeea (1))

where GA (0) = % (1 — k(0)) is the zero-order component of the gross asset
position. Iterating forward we get

nfa (1) = - f () Brse 14GAO S (85 ) (s (1) =)

s=1
(139)
(139) shows that a net debt (nfa, (1) < 0) has to be offset by future trade sur-
pluses (tby;s (1) > 0) or a higher return on Foreign equity than on Home eq-
uity, that is a higher return on home assets than liabilities (rpg s (1) — 715 (1) < 0).
Future returns can in turn be split between capital gains and dividend
yields:

nfai (1) = - g (%)Stbtﬂ H-y (ﬁ) ndyiys (1) + e (1)

s=1

where nk;, is given by (130) and:

ndyy1 (1) = = (1= 0) (1 = k(0)) (dg 1 (1) — dpesa (1))
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