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Chapter 1.

Multicountry Model

In this chapter, I provide more details on computing equilibrium paths for the dynamic gen-
eral equilibrium model analyzed in the main text. Specifically, I report the first-order condi-
tions before and after detrending variables that grow over time. I then discuss the algorithm
used to compute the equilibrium paths on a parallel processor. Codes and documentation

are available at my website (www.minneapolisfed.org/research/economists/emcgrattan.html).

1.1. Maximization problems

The model used here is a version of McGrattan and Prescott (2010) with constant taxes and
a simplified portfolio choice. I let ¢ index countries, ¢ = 1,..., I, and 7 index multinational
companies. Without loss of generality, I will work with a representative multinational,

where the index j denotes the country of incorporation.

1.1.1. Multinational problem

Multinational j solves

maprt (1—14) DI,
t

Dg = Z{(l - Tpi) (YZi - WitLgt - 5TKg",it - X?,it - XgXJJ\'/[,t) - <Kg",i,t+1 - Kg"zt)}

i

and Zz Xz = ]-7
K} oo = (1=07) K7 0 4+ X7
K?,i,tJrl = (1 - 51) K;,it + le,z‘t

MtJ+1 = (1—6,\) M} + XIJ\'/I,t'
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Outputs are given by
. . N b \1-9¢
vi = Al (Nadif) (74

. (6% or . 1—aT—a1
th = <Ki zt) <Kf zt) (th) )

where N; is the number of locations in country i, M7 is the stock of technology capital,
Zij is a composite input to multinationals j in country 4, AZ is the level of technology
parameter faced by multinationals j in country i, K% . s the stock of tangible capital
used by multinationals j in country i, K?l is the stock of intangible capital used by
multinationals 7 in country ¢, and L‘Z is the labor supplied to multinationals j in country

i. Below, I assume that A‘gt = Aj(1+~v4)t ifi = j and A;04(1 + v4)" otherwise.

The first-order conditions for multinational 7 with respect to the labor inputs and

capital stocks are given by

Wi=01-¢)(1—ar—a,) Y/L, i=1,...,1

P . .
=1+ (1 — 7p) ((1 ) O‘T}/ij,t—f—l/Kg“,i,t—f—l - 5T)

Pt+1
=1+ (1—7p) (T?,i,m 5T) =1
Pt ;
D41 (1-¢) t+1/KI,¢,t+1 +1-9
=106, =1,
pf; =) (1 —7p) <¢>Yzﬂt+1/ Lo+ xl(1- 5M)) /(1= 1))

2.
= Z (1 —7p:) <T£J,i,t+1 + Xg (1— 5M)) /(1 —Tpj) .



1.1.2. Household problem

Households choose sequences of consumption Cj;, labor L;;, and assets B;;41 to solve the

following problem:

maxz B*U (Cit/Nit, Lit/Nit) Nig
t

subject to
> pe[Cit + Bigr — Bl <Y pe [(1 = 710) Wit Lig + (1 = 74) Df + 1oy Big + kit
t t

where 7;; and 74 are tax rates on labor and company distributions, and ry; is the after-tax
return on lending/borrowing. I assume that country ¢ has a population of size N;;. Note
that the measure of a country’s production locations is proportional to its population.
Hence, I use the same notation for both variables and set the constant of proportionality

equal to one (without loss of generality).

If U(c,l) =logc+ 1 log(l —1), then the first-order conditions with respect to C;, L,
and B; for the household in country ¢ are
Apy = B'Uc,it = B"Nit /Ciy

A(1— 7)) Wipy = BUsie = 3%/ (1 — Lit/Niz)

P
Pi+1

=1 +Tb,t+1

where \; is the Lagrange multiplier associated with household i’s budget constraint.

1.1.3. Market clearing

Markets must clear for goods, assets, and labor. The worldwide resource constraint for
goods is
DG+ [ij;,it + X7+ XL =D Vil
i J 1,
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The asset market clearing condition is

}:Buzo

for all ¢, and the labor market clearing conditions are

Ly=Y L, i=1,.. I
J

1.2. Detrended variables

I’ll use lowercase letters for growth-detrended variables. Specifically, let

C;
Cit = —————%
" Nit (1 +7y)t
liy = Lit 1= L_‘Zt
TN TN,
w Wi
it =
(1+7,)
B;
bit = ! t
J o K-],it
o Nit (1 +’yy>t
J.— X?,it
* Nit (1 +7y)t
J
$?;4t: XM,t -
7 (1 +7Y)
. M
my = - t
(1 +7Y)
. DJ
dy = - t
(1 ""VY)
. Az
ait = ‘ T
(1 +’7A>



where v, is the growth rate of output, «, is the growth rate of per capita output, and ~,
is the growth rate of total factor productivity (TFP). Using the production technology, I

can determine the growth rate of total output on the balanced growth path:

(14+9) = (1 472) (T+73)7 (14 7)? (14 75) 70

. (1 + ,yy)af(l_¢) (1 + 'YN)(l_aT_aI)(l_d))

1—(ap+ar)(1—9)

S U 1-(artar)(1-9)
= (14 y,) (mar=en)(=9) (1 4 ) G-ar—an)(=9)

where 7y is the growth rate of the population (and locations) on a balanced growth path.

1.3. Detrended first-order conditions

Substituting detrended variables into first-order conditions implies that

& = Z{(l — Tpi) Nit (?szt — wiel}, — 5Tk;’“ B xitt)}

i

B xi@t Z (1= 7p:) Xg - Z Nit{(l + ) kg",i,thl - kJth} (1.3.1)

i

B = (U= 80) KD+ 0| Nie/ [(14+ ) Niea) (1.3.2)

B e = (1= 80) Kl i ) | Nua/ 1(1+79) Niga] (1.3.3)

iy = (0= 0u)mi + 2, | Nat/ [(1+9v) N (1.3.4)
i (N (1 N (e

Yie = Q4 <mt) ((kT,it) <k1,it) <lit) > (1.3.5)

wir = (1= ¢) (1 — ar — a;) gl /1, (1.3.6)

Tg",it =(1-9) aTth/k]},it (1.3.7)

T’}j,z't =(1-9) azyft/kf,it (1.3.8)

raric = ONuyl /mi (1.3.9)

cit = (1 — 73) witliy + (1 — 74) di /Ny
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+ (14 75¢) bit — (1 +vy) bi g1 Niz1 /Nit + Kit (1.3.10)

Pe/Piy1 =14 (1 — 7p) <T]},i,t+1 — 5T> (1.3.11)
Pe/pryr =141, =6 (1.3.12)
Pe/Pey1 = Z (1= 7pi) (r‘L,z’,tJrl + Xg (1- 5M)> /(1 —7p;) (1.3.13)
pe/pey1 = (L +7,) ciev1/ (Beir) (1.3.14)
(1 = 7)) wie = (1 + 7ei) cir/ (1 — Lit) (1.3.15)
pt/Pry1 =1+ o4 (1.3.16)

Z Nz’tygt = Z Nit (Cit + Z 'rzfzt + Z xizt) + Z wim (1.3.17)
1,5 4 J J J
0=> by (1.3.18)
Ly =Y U (1.3.19)
J

_ J J J i
Kit = Tpi E , <yit — Witlit — 5TkT,it - 371,z't> - TpixM,t/Nit

J
+ Tiiwiels +Tddi/Nit- (1.3.20)

1.4. Adding adjustment costs

In the 104-country version of the model, small adjustment costs to investment were added
to aid in the computations. Numerical problems arise because of investment hitting cor-
ners. In this section, I consider adding adjustment costs, which eventually were driven

close to zero given a good guess of the final solution.

Let o (X/K), ¢, (X/K), and ¢,,(X/K) be the costs of adjusting investment in tan-

gible capital, plant-specific intangible capital, and technology capital, respectively. The
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capital accumulation equations are now given by

Kgr,z,t—i—l (1 - 5 ) T it + XT it < zt/ T zt) T,it

K?,i,t+1 =(1-9 )Kfr Jit +Xz Jit 901( T 'Lt/KI zt) K? it

Mi7+1 = (1 - 5M) Mij + Xﬁm —¥uM <X1]\‘4,t/Mtj> Mt]

The Lagrangian for the multinational j can be written as follows:

(1—74) Zpt{z th Witht - Xg",z't - X?,it]

— Tpi Z[Ygf - Witht - 5TKg",it - X?,z’t] — (1 —7pi) ijx},t}

+Z)‘th (1=6 K?_jrzt+Xth <:mt/ th> T, it Kg“,i,t—i—l)
+Z>\1zt (1—=6,) K7 + X 4 go,( zt/Kzzt)Kfzt K1)

+ 3 han((1 - 8.) 3+ X o= o (X /M7 ) ME = ML),

The new first-order conditions for multinational j with respect to the capital stocks

are given by

1 P :
( ) L= (1 —7p) r‘;,i,t+1 + TpiOr

L =%/ P
1 X!
+ (1_7) (1—(5 +§0Tt+1%t+1 _SOT,t+1>
Pt KT,z,t+1
( 1 ) Dbt j ( 1 ) 1-34, X?z t+1
=it (g0 ) (1 0+ P~ on
1- SOIIt Pt+1 S 1- 90/1,t+1 e K? it+1 e

]‘ - (pg\dt pt+1 ]- - Tp] i

1 Xi/] A1
+ (7) (1 — 0 + 902\/1,t+1 — Pumts1 |
1= MtJJrl

P, e+1

1 P+ 1 ;
( ) = . Z (1 —7pi) Tiﬂ,i,t—f—l
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where terms like ¢, and ¢, are shorthand for the functions evaluated at the time ¢ ratio

of investment to capital.

1.5. BEA accounts

I now apply the same procedure as the Bureau of Economic Analysis (BEA) to set up
the national and international accounts for the model economy. I'll use the notation J*
to mean the set of multinationals incorporated in 7. This implies the following for gross

domestic product (GDP) and gross national product (GNP) and their components:
e GDP;; = ZJ(Y{Z& - Xj,it - X‘szzjw,t)
Income
Depreciation: 67 _; Kiit
Compensation: Wy L), = WLy
Profits:
Tax liability: 7,; ), (Y — Wi L, — 5TK;“ - Xf,it - Xng/[,t)
Dividends: > {(1 - i) (Y — Wi L, — 5TK5"7it - Xf,it — XX
_(Ki,z',tjtl - Kg“zt)}
Retained earnings: Zj(Kg’i7t+1 - Kiﬁ)

Product

Consumption: C;

Measured investment: >, X7
Net exports: Z](YZ‘% - X,jﬂ-t — Xng/I,t - Xij;,it) -G

e GNP;; = GDP;; + Net factor receipts less payments
Net factor receipts (from [ # i)
Direct investment: ", (1 —7p0) Y cys (Vi) = WiLj, — 0, K7, — X7 ), — x] X3, ;)
Portfolio interest: ry B;;  if B; > 0
Net factor payments (to [ # 1)
Direct investment: (1 —7p;) >, i (Y7, — Wy L7, — 5TK:{7it - vait - X{Xf\‘d’t)

Portfolio interest: ry B;;  if B; <0

8



e Balance of Payments: Current account = Financial account

Current account = Net exports + net factor receipts less payments

Net exports: Zj(Yi‘i—Xj —X‘ngj\;,t—Xj ) — C;

1,1t T,it

Net factor receipts (from [ # )

Direct investment: Zl#i(l —Tp1) D (Ylft — I/VltL{t — 6. K?

jeJit T,lt _Xj,lt _X{Xﬂ,t)
Portfolio interest: ry; B;y  if By > 0

Net factor payments (to [ # 1)
Direct investment: (1 —7p;) >,y (YZ‘Zt - WitLgt —0,K. ., — X7 XfoM)

T,it It

Portfolio interest: ry; B;y  if By <0

Financial account

Direct investment: Zl;ﬁi ZjeJi(Kgr,l,tJrl - Kg“,lt> - Zjeﬂ (K;,i,tJrl - Kg",it)
Change in portfolio: B; ;41 — Bt

Next, consider the accounts for the two-country case that will be central to the propo-
sitions that come later. For ease of exposition, let ¢ be Ireland and r be the rest of world. I
index companies in Ireland by d, which I’ll refer to as “Domestic.” I'll index Rest-of-World

(ROW) companies by f, which I'll refer to as “Foreign.”

The current account (CA) is the sum of net exports (NX) plus net factor receipts

(NFR) less net factor payments (NFP):
CAit - NX'Lt + NFRZt - NFPZt

- e - Xt

1,1t I,it

X - XL, - X, - G

Tt
0= ) (VA WoaEd, 6,8, — X1,

Tt
) (VW 515D XL -]
= (1= 73) Wit Lig + (1 — 74) D + rou By + ki — Ciy
+ Kg,r,t-l—l - Kg,rt - Kﬁ,i,t+1 + Kﬁ,it? (1.5.1)

where

kit = Wit Lit + 7aDf + 7 (Y} — Wi LY, — 5TKd7it - X))

T 1,1t
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_x/

I,it) )

Y;: is total production in country ¢, Ky ;; = Zj Kg ,+ the total tangible capital stock in

i (Vi = Wl — 6,k

T,it

country ¢, and X, ;; = >, j X ?Zt is total plant-specific investment in country . In writing
net factor payments, I assume that B;; < 0 and therefore net factor interest is paid by
Ireland to rest of world. I also assume that multinationals expense their investment of

technology capital at home.

Next, consider the financial account (FA) which is the change in assets and given by
FA; = K¢ ~ K2, —K!, +K!, +Bii— B (1.5.2)
it T,rt+1 T,rt T,i,t+1 T,it 3,041 e -
By the balance of payments, FA less CA is equal to zero and therefore

0 - FAzt - CAzt

_ d d
= KT,r,t+1 - K

T,rt

- Kg,i,tJrl + Kg,it + Bit+1 — Bit

— (1= 7) Wit Liz — (1 — 74) D — vy Biy — kgt + Cit

d d
— Kippp1 T Kpp + Kﬁ,i,tJrl - K]

T,1t

=Cit + Bity1 — By

— (1 —7) Wi Liy — (1 — 74) Df — Ty Bit — Kit.

As the last equation makes clear, the balancing of payments internationally is consistent
with the balancing of budgets domestically. (Compare the last equation to the budget in

Section 1.2).

1.6. Propositions for a two-country version

In this section, I provide more details in proofs of the main propositions (repeated here)

for the two-country model.

10



In this version of the model, there are two countries: i (e.g., Ireland) and r (e.g.,
ROW). I assume from the start that Ireland is small in size relative to the ROW. Companies
in Ireland are indexed by d (Domestic), and companies from the ROW are indexed by f

(Foreign).

I compute the transition of these countries as they go from fully closed (o = 0)
to sufficiently open (0 > o*) after some date ¢ = ¢* so that the small country shuts
down investment in technology capital. In this case, there is only a small amount of
multinational activity of Irish firms in the rest of the world. Even though the firms have
built up technology capital at home, which could be used abroad, they have no intangible or
tangible capital abroad when the countries open up. Given they are planning to decumulate
the technology capital, it is not worth it for these firms to build up a lot of tangible and
intangible capital abroad for temporary use. Therefore, when countries open up, the

amount of foreign direct investment (FDI) done by Irish firms is small.

Therefore, to make the mathematics simpler, I assume from the start that Irish com-
panies do not operate in the Rest of World (that is, Y;2 = 0 for all t). This assumption

makes the mathematical derivations easier and changes the quantitative results little.

In addition to restrictions on foreign direct investment, there could also be restrictions
on portfolio flows. Istart with the case of free flows in portolio investments, which is simpler
to analyze. I then show how things change if I restrict portfolio investments along with

foreign direct investments.

1.6.1. Without constraints on portfolio flows

Domestic multinationals in Ireland (with index d) solve

maprt (1 —17q4) DY,
t

11



where

—_ x4

1,1t

Dz(si =(1- Tpi) (Yﬁl - WitLglt - 5TKd

T,it

d d d
- XM,t) - (KT,i,t—i—l - KT,z’t)
with the capital accumulation equations as given above. ROW multinationals f solve

maXZpt (1—7q) Dy,
t
where

_x/

1,71

Df =(1—1,) <YJ; W, Lf, — 6, K]

r T,rt

- XJ\JjI,t) - Klf‘,r,thl + Kf

T,rt

T

+ (1 — 7pi) <Yz{ - Withft - (5TKf,it - Xzf,it) - Kijf,i,tJrl + Kijf,it'

The household problem for the Irish is

maxz B log (Cst/Nit) + 1 log (1 — Ly /Nyt )| N
¢
subj. to Zpt [Cit + Bit+1 — Bit]
¢

< Zpt (1 — 703) Wit Lyt + (1 — 7a) D + 154 Byt + Kt ] -
t

The ROW households solve a similar problem except that they also receive an additional
income {¢; }, which is added to household income in order to implement a numerical “trick”

described later. The problem is

maxz ﬁt [IOg (Crt/Nrt) -+ I/JIOg (1 — Lrt/Nrt)]Nrt
t
subj. to Zpt [Crt + Byri+1 — Br]
t

< Zpt [(1 — T ) Wet Ly + (1 — 74) Df + 15t Brt + Kt + €] (1.6.1)
¢

The additional income given to ROW households is equal to

e =Ciu+Crn+ X2+ X+ X+ X8+ X+ X+ ME+ M - Yy + Y,

7,1t T,it 1,1t 1,it

12



where the tilde () denotes the equilibrium values for a model with 7, = (1 +,)/08 — 1
for t =1,..., t*. Alternatively, the income adjustment can be written in terms of incomes

rather than products as follows:
et = Cit + Crp — (1 — 73) Wig Lt — (1 = 73) Wyi Lyy — (1 — 74) <Df + D{) — Rit — Krt-

Adding the income to the Rest-of-World budget in (1.6.1) ensures that the equilibrium of
the e-economy is the same as one with ¢; = 0 for all ¢ and r,; equal to (1+,)/6 — 1 for

t<t*.

For Propositions 1-3, I assume that the €; are nonzero for t = 1,...,t*. For t > t*,
€; = 0. I refer to this case as the e-economy. Figure 1 shows the difference between the

interest rates with and without the ROW income adjustment, which is shown in Figure 2.

Proposition 1. The small country’s output, labor, and capital stocks in the e-economy
are at or below their historical trends between ¢ = 1 and ¢ = t*, while consumption is

above. The reverse is true for the large country.

Proof. Suppose that at ¢ = 1, consumption ¢;; in Ireland is above its historical trend,
ci1 > ¢;0. Then, between t = 2 and t = t*, ¢;; = ¢;1 since

B (1 4+ rp)
14y

= Cit—1 t:2,...,t*,

*
Cit = Cit—1, t=2,...,1

where the first equation follows from (1.3.14) and (1.3.16), and the second equation follows

from the fact that 7, = (1 + )/ — 1 by choice of {¢;} adjustment.

From the intratemporal first-order condition of Irish households (1.3.15), with labor

productivity in (1.3.6) substituted for the real wage, I get

y_gf _ (1 + 7ei) Cit
lgt (1_Tli)(1_¢)(1_a:ﬁ_a1>1_lz’t.

13



In the period prior to liberalization of the capital account, only domestic firms are oper-

ating, so
Yie _ Y . Cut
1 1—1y’

t=1,... 1%, (1.6.2)
Lit

where y;; /1;; is total labor productivity. I can use this relation to determine what happens

to employment between ¢t =0 and t = 1.

To do that, I take the ratio of labor productivity in the first period relative to its

trend (that is, the ¢t = 0 level):

yil/yio o Cil/Cz’O
Lii/lio (1—1i1) /(1 —l)’ (1.6.3)

Since output depends on beginning of period capital stocks, which are given and equal to

historical levels, (1.6.3) implies

Lio (1/lio — 1)/ (1/lio — Lio/li1)” o

Let x = l;1/lip, a=1—(1—-¢)(1 —ar —a;), and b = 1/l;0, ¢ = ¢i1/cip. Now, I can

restate the problem of determining what happens to employment between t =0 and ¢t = 1

as finding out whether the value for z in the following equation,

cr® = a€0,1),b>1,c>1, (1.6.5)

is less or greater than 1, since x is the ratio of labor inputs in the two periods. The left
hand side of (1.6.5) is everywhere increasing in z, and the right-hand side is everywhere
decreasing, which means there is a unique solution. At x = 1, the left-hand side of (1.6.5)
exceeds 1 and the right-hand side is equal to 1, which means that the intersection must
lie below 1. Thus, l;; < l;0. Furthermore, y;; < y;o since capital stocks are fixed. With
curvature in the production function, it must be the case that (true) productivity rises

initially, yi1/li1 > yio/lio-

If t* > 2, then in period t = 2, output and labor must fall further relative to the

historic trend, because domestic capital stocks fall between the first and second periods.

14



To demonstrate this, I first substitute returns to capital in (1.3.7)—(1.3.9) into the dynamic

Fuler equations in order to relate capital-output ratios to the return ry;; that is,

Tt = (1 — Tpi) ((1 - ) aTygt/kg,it - 5T)
roe = (1 — ) oyl /KT — 6,

ror = GNyh /mi — 6,

for the period ¢t = 2,...,t*. Note that the last equation has only one term because
the Irish firms are assumed to operate only domestically. If the return rp; is equal to
(1+,)/B — 1, then the capital-output ratios must be equal to their historical levels prior
to FDI liberalization. Using this fact along with the production technologies in (1.3.5), it

follows that labor productivity in the second period must also be at its historical level,

lio Lo

since

@ @ —ap—a;\1—?
Yia = Q42 (mg)¢ <(k§1~,12)T (k??,iz), (lzdz)l ’ I)

= a2 (m/yio yi2)¢ <(kg,i0/yio yz2)j (K¢ so/yio0 yz’2)? (l?2>1—aT—0”>

)1¢,} 1/(1=¢)(1—ar—ar))

1-¢

«

— {04’2 (mg/yio)¢ <<kg,io/yi0)j (k?,io/yio)l

= (yio/lio) liz,

lin

where I am using the fact that [;; = lzdt and y;; = yg in t < t*. If labor productivity is on
trend and consumption is equal to the level in period 1, then it follows from (1.6.3) that

li2 < l;1, which in turn implies that ;o < [;5. In other words,

[y —1— (1+7) Cializ
= A-m)(1=¢)(1—ar—a5) yo
_1_ (1+7) ci1lio
(1_77) (1_¢) (1_041"_051) Yio
_ (1+7) citlin
T A 0-90-ar—a) ua
= l;1.

15



It follows immediately that y;2 < y;1 which in turn implies that y;> < ;0.

Since the interest rate r,; does not change between ¢ = 2 and t*, it must be the case
that y;; = yi2 and l;y = l;2, t < t*. This follows from the intratemporal condition and the

fact that capital-output ratios and consumptions relative to trend are constant.

The same arguments as above can be made for the large country. However, because
the global resource constraint must hold, the paths relative to trend for the large country

must be reversed. To see this, recall the global resource constraint prior to FDI openness:
Nicit + Nrcrt = Nz (yit - x%it - w?,it) - -T?\/[t + N, <yrt - x{",rt + wﬁrt) — .Ig/[t. (166)

If consumption is above trend between t = 1 and ¢t = t* in both Ireland and the Rest of
World, it follows from the arguments above that output and investments are below trend
in both countries. In fact, output and investments must be down by the same percentage
between t = 2 and t = t* — 1 because capital-output ratios are on trend. In this case, I

can rewrite (1.6.6) as

Nicit + Nycry = vi{N; (yio — Ig{,io - xil,z'o) — %0} + 7N, <yr0 - wi,ro + I{,r()) - xﬁ/[o}

< N;c;o + Nycro (167)

for t = 2,...,t* — 1, which leads to a contradiction of the claim that both consumptions
are initially above their historical trends. The same logic can be used to prove that both

consumptions are not below their historical trends initially.

Finally, I need to show that consumption is initially above trend in Ireland, which is
the recipient of future foreign direct investment, and initially below trend for the Rest of
World, which is the source of the foreign direct investment. This follows from the fact that
there is no change in effective TFP for the Rest of World when o;; > 0 because y¢, = 0
for all ¢t by assumption. For Ireland, on the other hand, effective TFP is higher because
multinationals in the Rest of World use their technology capital in Ireland when FDI is

allowed and, therefore, yg; > (0 for t > t*.
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To summarize, I've shown that
® Ci1 > Cig, Cit =Ci1, t=2,...,t%
® 1 < Cpg, Crt =Cp1, t=2,...,t%
® yin < Yio, Yiz < Yi1, Yit = Yiz, t =2, 17
® Yr1 > Yro; Yr2 > Yris Yre = Yr2, =2, 15
o i1 <lio, Lig <lin, lig = lin, t =2,...,1%;
® [y > g, lpg > 1, g = lpo, t =2, ...,

o yi1/lir > vio/lios Yit/lit = yio/lio, t = 2,. .., t%;

L yrl/lrl < er/lr07 yrt/lrt - er/lr07 t= 27 cee 7t*;

¢ k%il = k%,ioa k%,it/yit = k%,it/yi()a t=2,...,t%

Y | / — 1 _ *
k01 = K1vor K00/ Urt = Koy /Yro, £ =2, 17

Proposition 2. The small country’s GDP and GNP in the e-economy initially, after the
announcement, rise above their historical trends and then fall below trend between ¢ = 2

and t = t*. The reverse is true for the large country.

Proof. Detrended GDP in the small country, Ireland, is given by

GDP;; = N; (?Jﬁ + yg; - x?,it —af > - Xf\i,r

1,1t

In ¢t = 1, assuming t* > 1, YZ{ =X f i+ = 0 and therefore GDP is domestic output
less investments in plant-specific intangible capital and technology capital by domestic
companies. To show that Irish GDP is above its historical trend in t = 1, I must show that

intangible investments of domestic firms (indexed by d) fall by more than output. This is
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shown as follows:

x?,ﬂ —Zi0 14y kfl,z'z - k?,io
w(zi,io or + v k;i,i()
1+9y (yié - yfo)
T+y (yfl1 — ?szo)
or +y yh ’
d

< (yzdl - yio)
= d )
Yio

where the first equality uses the capital accumulation equation after detrending all vari-
ables, the second equality follows from the fact that the capital-output ratio in the second
period is equal to the historical capital-output ratio, the inequality follows from Propo-
sition 1, and the final inequality follows from the fact that 6; < 1. Thus, plant-specific
intangible investment must fall by more than output. The same argument can be made

for technology capital. Therefore, GDP must be above trend in t = 1.

GNP is equal to GDP in the first period because there are no net factor incomes if
B;o = 0 and FDI income is zero. Thus, in the first period, when the policy is announced,

net factor incomes for the period are already determined and GNP must equal GDP.

In the second period, since the capital-output ratios are at their historical trends,
GDP in Ireland must be below its own trend by the same amount as output. GNP, on
the other hand, is not necessarily equal to GDP because bond repayments are made by

Ireland to the Rest of World. In other words,
GNPy = GDPyt + 1y Big,

fort=1,...,t* =1, where B;; =0, B;s >0, and B;; <0 fort=3,...,t* —1. The pattern
of Irish debt can be determined from net exports in the transition period, since
NXit = Bis11 — (1 +7¢) By
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and since net exports are equal to GDP less domestic consumption and investment—and
all three of these variables are constant relative to their historical trends between ¢t = 2

and t = t* — 1. Thus, net exports must also be constant relative to its historical trend.

In t =t*, GDP falls further below its historical trend than output has fallen because
investment of foreign multinationals in both tangible and plant-specific intangible capital

rises above zero. GDP is lower because of the rise in plant-specific intangible investment.

The arguments made for the small country can be made for the large country, but the

direction of change is reversed for the periods t =1 to t = t*. |}

Figures 3 and 4 show the transition paths of consumption, labor, output, capital,
GDP, and GNP in the case that income adjustments are not made to the Rest of World
budget constraints. These are the analogues of Figures 3 and 4 in the main text, which
displayed the results assuming a small adjustment in ¢; was made to keep the interest rate

constant in transition.

1.6.2. With constraints on portfolio flows

If portfolio flows are restricted over the same period as FDI flows, then the interest rate is
no longer (approximately) constant prior to financial liberalization. In this case, deriving
specific analytic solutions for all of the paths of variables of interest is not easy. Instead,
I consider whether variables are above or below trend and show graphically a comparison

of the economies with and without portfolio restrictions.

Proposition 3. The small country’s output and labor with full capital account restrictions
are below their historical trend between t = 1 and t = t*. The reverse is true for the large

country.

Proof. If, in t = 1, consumption in Ireland rises relative to its historical trend, c¢;; > ¢,
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then the intratemporal first-order condition of households, namely,

Yit yflt Cit
Z = T o ,
Lit g, 1—1Iy

t=1,...,t",

implies that labor and output fall initially. With capital fixed, labor falls more than output.

With no borrowing or lending allowed across countries, total investment ;7 — ¢;1
must be below trend. With returns equated across assets, investment in all three types
of assets—tangible capital, plant-specific intangible capital, and technology capital—must

be below trend.

In period t = 2, output and labor must fall further because domestic capital stocks
are lower between the first and second periods when investment in £ = 1 is below trend.
Households cannot borrow from abroad; thus, output, investment, and labor continue to
fall until ¢t = ¢*, and net exports remain equal to zero until the restrictions on FDI are

relaxed.

Again, the same arguments can be made for the large country, but because the global
resource constraint must hold, the paths relative to trend for the large country must be
reversed. Because the small country is the recipient of future FDI while the large country
is its source, the initial consumption in the small country must be above its historical
trend, and the initial consumption in the large country must be below. Otherwise, the

global resource constraint would be violated. [

Figures 5 through 8 compare the transitions with and without portfolio restrictions.
Not surprisingly, the transitions are more gradual with portfolio restrictions, since the small
country cannot immediately take advantage of the higher effective TFP that is coming in

the future.
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1.7. Computation of a general /-country version

Now, I describe the algorithm used to compute equilibrium paths in a general I-country

version of the model over T periods.

Let me start with some notation. Let P be a n,-dimensional vector of prices and
transfers, where n, =T — 1 4 271 and the vector includes 1" — 1 interest rates, T'I wage
rates, and T'I transfers. Let Q; be a n,-dimensional vector of quantities for country 4, where
ng = 47 + 2T'1 and the vector includes T' country-i consumptions, 7' country-i aggregate
labor supplies, T country-¢z next period debt holdings, 7" investments in technology capital
made by companies from country ¢, 7' investments in tangible capital made by companies
from country ¢ at home and abroad in all other countries, and T'I investments in plant-
specific tangible capital made by companies from country ¢ at home and abroad in all other

countries. Let Q be a n, X I matrix with column ¢ given by Q;.

Next, consider the steps of the algorithm to compute equilibrium P* and Q* on a

parallel computer. That is, find P* and Q* such that
0=F (Pv Q)
0=G;(P,Q;), i=1,...,1,

where F'is a n,-dimensional function and G is a n,-dimensional function.

The first-order conditions stacked up in F' are T' — 1 global resource conditions in
(1.3.17), TT market clearing conditions for labor in (1.3.19), and T'I conditions relating

transfers to tax revenues in (1.3.20).

The first-order conditions stacked up in G; are the budget constraint (1.3.10), the
household intratemporal first-order condition that combines (1.3.15) and (1.3.6), the re-
lation between the interest rate and marginal rates of substitution that combines (1.3.14)
and (1.3.16), and all of the dynamic Euler equations that combine (1.3.7) through (1.3.13).

Conditions (1.3.1)—(1.3.5) are used to construct dividends, capital stocks, and outputs.
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. On the master node (node 0), read in all inputs and initialize parameter vectors,
exogenous time paths, and initial guesses for the vector of prices P and vector of
quantities Q. When first starting, use steady-state values, which are read in. (See

below for details on computing the steady states with actual cross-country data.)

. Broadcast (MPI_.BCAST) parameters, initial conditions for capital and debt, and ex-
ogenous time paths (for tax rates, technology levels, populations, degrees of openness,

and borrowing constraints) to all processors.

. The outer loop of the code iterates on the equilibrium price vector. The current
price vector and an initial guess for the quantity vectors Q; are inputs (along with all
parameters) to each country i subroutine. (There are two kinds of countries: those
with technology capital at a corner and those with positive levels of technology capital.
For those at a corner, only a subset of first-order conditions needs to be solved.) Each
country is assigned to a processor. Depending on the capacity of the machine, there

might be only one country per processor or more than one.

. The inner loops of the code—which are run inside each of the country ¢ subroutines—
iterate on quantity vectors (for a given vector of prices). In other words, Q is found
(as a function of the current price vector) that solves the set of first-order conditions
G;(P,Q;) = 0 given P. The results are passed back to the outer loop along with

derivatives of F' with respect to all variables.

. Back in the outer loop, prices are updated via a Newton-Raphson algorithm. If there
is convergence, the results are written out. Otherwise, new prices and quantities are

broadcast to the processors and the algorithm continues at step 4 above.
. The results written out by the code are analogues of BEA variables derived above.

If T and I are large, it is best to move gradually from the steady state (with no change
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in N;; or o;; over time) to the parameterization of interest. Also, if analytic derivatives
are used in finding the fixed points for P and O that solve the first-order conditions, then

the codes run considerably faster.
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Chapter 2.

Data Sources

For the 104-country benchmark model, I use the following series that are available from

the World Development Indicators:
e GDP in current U.S. dollars (NY.GDP.MKTP.CD)

e GDP in constant 2000 U.S. dollars (NY.GDP.MKTP.KD)

Total population (SP.POP.TOTL)

Foreign direct investment, net inflows, in current U.S. dollars (BX.KLT.DINV.CD.WD)

Portfolio investment, excluding liabilities constituting foreign authorities’ reserves, in

current U.S. dollars (BN.KLT.PTXL.CD)

The code setupdat.m loads in these raw data and constructs the relevant time series for

the analysis.

When I restrict myself to countries with balance of payments data available through
the International Monetary Fund (IMF), I use variable X4555 for the inward foreign direct

investment and the sum of variables X4652 and X4602 for the net portfolio investment.

Data sources for employment shares used in Figures 6-8 in the main text are the

OECD and BEA, specifically,

e OECD.Stat Inward activity of multinationals
e OECD Factbook 2010

e FDIUS Establishment Data for 2002, Table A1.9
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e USDIA 2004 Final Benchmark Data, Table I.H3

The codes plotccemp.m, plotusempi.m, and plotusempo.m load in these data and plot
predicted and actual employment shares shown in Figures 6-8 in the main text. The figures
in the main text use manufacturing data, which are readily available for many countries
and relevant given that most FDI over the sample was done by firms in manufacturing

industries.
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Chapter 3.

Parameterizing the model

Values for A;y and o, are set so that the initial values for real per capita GDP and the
ratio of inward FDI to GDP are the same in the model and the data. Specifically, the
Matlab code compsteady.m reads in the data (generated by the code setupdat.m discussed
in the previous section) and finds {A;g, 040} for all ¢ such that the initial conditions for
the model per capita GDP and FDI to GDP ratios are the same. Values for N;q are taken

from actual data.

Time paths are set as follows. Technology levels are held on trend, A;; = A;o. Popu-
lations are set equal to values in the WDI data discussed earlier. Values for the paths of
openness, 0, are set so that the trends in ratios of inward FDI to GDP are consistent in

the model and the data.

Fixed parameters are taken from McGrattan and Prescott (2010) who compare the
United States and rest of world. For tax series, I use the averages of the sample paths in
their study. In the next section, I do sensitivity analysis to determine if these choices have

an impact on the results.
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Chapter 4.

Sensitivity Analyses

In this chapter, I report the results of various sensitivity analyses. The first set of experi-
ments considers the impact on the transition to FDI openness as I vary model parameters,
including the assumption of perfect-foresight expectations. In the second set of experi-
ments, I vary time paths of tax rates that were fixed in the benchmark parameterization.
Finally, I consider alternative sources for employment shares and balance of payments

data.

4.1. Alternative parameters

In this section, I describe how the transition path for the two-country version of the model
changes as I vary key parameters. Here, I'll consider the impact on GDP of the timing
of opening, relative country sizes, the share of technology capital, the degree of openness,

and expectations about future openness.

Figure 9 shows how the path changes as I vary four of the key parameters. The dark
line in all graphs is the benchmark shown in Figure 4 for the small country. The other
lines are results as I vary the date after which FDI is allowed t*, the relative population

sizes N,./N;, the share of technology capital ¢, and the degree of openness after o*.

The first set of results in Figure 9 shows that the timing of opening matters little
for the magnitude of the decline in GDP unless the enactment of the policy is immediate.
However, even in that case, there must still be a decline given the large increase in intangible

investments that takes place.

The second set of results in Figure 9 shows that the initial declines and eventual

increases in GDP are amplified with the relative populations. This result is not surprising
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given that the impact of FDI depends on how large the technology capital is abroad. The

larger N,./N;, the larger the gap.

The third set of results in Figure 9 shows the impact of increasing the share of tech-
nology capital. The smaller this share ¢, the smaller the incentive for FDI and the smaller

the impact of FDI openness.

The final set of results in Figure 9 show the impact of increasing the parameter
governing how much FDI is allowed in. This parameter, which has a one-to-one impact on

country TFP, amplifies the movements—both up and down—in GDP.

Figure 9 and earlier results shown in Figure 8 comparing the transitions with and
without portfolio restrictions also provide an answer to the following question: How do the
results change if the future path for o;; is not known with certainty? For example, suppose
the Irish did not know until ¢t* that FDI would be allowed in during the following period.
In this case, the path of GDP would be on the historical trend before ¢t* and would then
follow the same path as the first curve in panel A of Figure 9. In other words, at t* there
would be a decline due to increased intangible investment, followed by an increase when
capital markets opened. The transition would look similar to a situation in which the Irish
faced tight constraints on their portfolio investments. There would be little movement in

GDP relative to its historical trend until enactment of the policy change.

4.2. Time-varying tax rates

The benchmark simulation has time variation in only two exogenous series: population
and the degree of openness. Other exogenous variables such as tax rates were assumed to
be constant over the sample. In this section, I show that this choice does not affect the

main results.

Specifically, I rerun the benchmark simulation with a time-varying path for each one of
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the three tax rates. Starting with the tax on dividends, I assume that all countries start in
1980 with a rate of 28 percent, which linearly falls to 0 by 2025. Thus, in 2005, they are at
12 percent and expected to continue falling. If I recompute the annual growth rates relative
to the United States between 1980 and 2005, I find that the results are almost exactly the
same as before. (See Figure 9 and Table 4 in the main text.) The correlation between this
annual growth rate and the initial level of per capita GDP relative to the United States
is 0.05, which is the same as in the benchmark simulation. And the regression of growth
on intial GDP and the ratio of FDI to GDP produces the same regression results with, in
particular, a coefficient on FDI to GDP of 0.046.

If instead of the tax rate on dividends, I assume that the tax on labor and consumption
(i.e., the labor wedge) falls linearly from 34 percent to 0 over the period 1980-2025, then
I again find similar results to the benchmark. The correlation between growth and initial

GDP is 0.055, and the coefficient on FDI to GDP in the growth regression is 0.045.

Finally, I rerun the experiment with time-varying tax rates on profits. Reducing the
tax rates on profits for all countries from 37 percent to 0 over the period 1980-2025 implies
a correlation of growth and initial GDP of 0.056 and a coefficient in the growth regression of
0.03 percent. Thus, in this case, the impact of FDI on GDP appears to the econometrician
to be even smaller than in the benchmark simulation. But in both cases, the economic

significance is small.

4.3. Employment share data

As an external check, I compared the model’s predictions of employment shares with
actual data. I used data for manufacturing industries, which are readily available in many
countries and most relevant for FDI over the period 1980-2005. However, for inward FDI

in the United States, I have comparable data for both manufacturing and all industries.
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The countries with available data cover 88 percent of employment in foreign-owned
manufacturing establishments in the United States and 75 percent of employment in all
foreign-owned establishments in the United States. Figure 10 shows the predicted and
actual shares for manufacturing. (This is the same as Figure 7 in the main text and
is shown here for convenience.) Figure 11 shows the predicted and actual shares for all
industries. The correlations between the predicted and actual shares are high in both

cases.

4.4. IMF balance of payments data

The benchmark simulation is based on a 104-country model parameterized with data from
the World Development Indicators. In this section, I report results for a 50-country version

of the model parameterized with data from the IMF Balance of Payments.

Figure 12 is the analogue of Figure 9 in the main text, except that I use the 50-country
sample and IMF data. The main difference in country coverage is in terms of countries
with low initial levels of per capita GDP relative to the United States. However, the main
result is the same: the data generated by the model show no obvious relationship between

capital restrictions and economic performance.
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Chapter 5.

Summary of Welfare and Growth Gains

In Table 1, I report welfare and growth gains from the conterfactual experiments. These

are also shown graphically in Figures 10 and 11 in the main text.

In some cases, binding nonnegativity constraints on investment made it difficult (if
not impossible) to run the counterfactuals. Thus, not all countries in the sample are
represented in Table 1. But, the countries included span a wide range of sizes relative
to the United States. And, as the figures in the main text demonstrate, these gains are

inversely related to size.
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Appendix Figures
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Figure 1. Interest Rate in the Two Country Model, With
and Without the Adjustment to Large-Country Income
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Figure 2. Adjustment to Large Country Income Required to
Ensure a Constant Interest Rate Before Economies Open

t* time
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Figure 3. Detrended Consumption, Output, and Labor Over Time
in the Two-Country Model Without Portfolio Restrictions
(Initial Steady State = 100 are-0 for all t)
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Figure 4. Detrended Capital Stocks, GDP, and GNP Over Time
in the Two-Country Model Without Portfolio Restrictions
(Initial Steady State = 100 ar0 for all t)
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Figure 5. A Comparison of Detrended Consumption and Labor
With and Without Portfolio Restrictions in a Two-Country Model
(Initial Steady State = 100)
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Figure 6. A Comparison of Detrended Output and Tangible Cag
With and Without Portfolio Restrictions in a Two-Country Model

(Initial Steady State = 100)
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Figure 7. A Comparison of Detrended Intangible Capital Stocks
With and Without Portfolio Restrictions in a Two-Country Model
(Initial Steady State = 100)
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Figure 8. A Comparison of Detrended GDP and GNP With and
Without Portfolio Restrictions in a Two-Country Model
(Initial Steady State = 100)
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Figure 9. Detrended GDP Over Time in the Two-Country Mod
Without Portfolio Restrictions and Varying Model Parameter:
(Initial Steady State = 100)
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Actual

Figure 10. Predicted vs. Actual Share of Total U.S. Emplayime

in Foreign Controlled Establishments by Country
(Source: FDIUS Establishment Data, Manufacturing, Buidticonomic Analysis, 2002)
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Actual

Figure 11. Predicted vs. Actual Share of Total U.S. Emplayime

in Foreign Controlled Establishments by Country
(Source: FDIUS Establishment Data, All Industries, BureiEconomic Analysis, 2002)
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Predicted 19862005 Annual Per Capita Growth (USA = 0)

Figure 12. 1980 Real GDP and Predicted Growth Rates, 50 Go8ample

(Countries with average FDI/GDP > 2% labeled)
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TABLE 1. GROWTH AND WELFARE GAINS®

Country Relative Size  Welfare Gains Growth Gains
United States (USA) 100 4 0.0
Japan (JPN) 52 9 0.0
Germany (DEU) 24 8 1.3
United Kingdom (GBR) 18 15 1.3
France (FRA) 18 13 1.5
Ttaly (ITA) 15 14 1.6
Brazil (BRA) 11 24 1.4
Canada (CAN) 10 25 1.4
Mexico (MEX) 8.8 26 1.5
Spain (ESP) 7.8 25 1.7
Saudi Arabia (SAU) 6.4 35 1.3
Korea (KOR) 3.5 35 2.0
Venezuela (VEN) 3.4 39 1.6
Australia (AUS) 5.6 32 1.9
Argentina (ARG) 5.6 30 1.7
Netherlands (NLD) 5.5 28 1.5
India (IND) 4.9 29 0.3
Sweden (SWE) 4.0 28 1.7
Turkey (TUR) 3.8 35 1.7
Belgium-Luxembourg (BEL) 3.8 18 1.6
Austria (AUT) 3.0 34 2.4
Denmark (DNK) 2.6 37 2.2
Norway (NOR) 2.3 44 2.3
Finland (FIN) 1.9 41 2.1
Indonesia (IDN) 1.7 50 2.3
Philippines (PHL) 1.7 51 2.2
Colombia (COL) 1.7 49 2.2
Portugal (PRT) 1.6 45 2.4
Peru (PER) 1.4 53 2.2
Algeria (DZA) 1.3 56 2.4
Nigeria (NGA) 1.3 57 2.3
Egypt (ECY) 1.3 59 2.5
Thailand (THA) 1.2 53 2.4
New Zealand (NZL) 1.0 55 2.7
Pakistan (PAK) 1.0 60 2.4
Ireland (IRL) 1.0 56 24
Malaysia (MYS) .94 64 2.4
Chile (CHL) 87 59 2.5
Morocco (MAR) 75 60 2.6
Singapore (SGP) 71 16 0.4
Guatemala (GTM) AT 7 2.6

@ Footnotes appear at the end of the table.
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TABLE 1. GROWTH AND WELFARE GAINS® (CONT.)

Country Relative Size ~ Welfare Gains Growth Gains
Cote d’Ivoire (CIV) AT 79 2.6
Ecuador (ECU) 44 74 2.6
Dominican Republic (DOM) 40 76 2.9
El Salvador (SLV) .38 73 3.0
Kenya (KEN) 34 86 2.8
Costa Rica (CRI) .33 81 3.1
Tunisia (TUN) .33 80 3.1
Bolivia (BOL) 27 83 2.4
Cameroon (CMR) .29 85 3.7
Sri Lanka (LKA) .23 83 3.2
Gabon (GAB) .20 95 3.0
Jordan (JOR) .20 93 3.5
Honduras (HND) .20 92 3.3
Haiti (HTI) 19 93 3.1
Iceland (ISL) 19 82 3.9
Zambia (ZMB) 15 97 3.9
Senegal (SEN) 15 98 3.1
Ghana (GHA) 14 98 3.3
Cyprus (CYP) 12 98 3.0
Mozambique (MOZ) 11 98 3.2
Bahamas (BHS) 11 102 3.8
Guinea (GIN) .08 105 1.8
Mali (MLI) 08 108 3.2
Congo (COG) .08 108 3.1
Liberia (LBR) 07 71 2.3
Burkina Faso (BFA) 06 117 3.4
Benin (BEN) 06 120 3.3
Malawi (MWTI) .06 121 3.9
Botswana (BWA) .05 173 4.3
Chad (TCD) .05 115 3.5
Fiji (FJI) 05 115 4.0
Togo (TGO) .05 394 6.9
Central Af. Rep. (CAF) .05 127 4.1
Mauritania (MRT) .04 211 6.0
Burundi (BDI) 03 126 2.9
Swaziland (SWZ) .03 274 5.7
Gambia (GMB) .02 287 6.9
Seychelles (SYC) .01 133 4.5
Solomon Is. (SLB) .01 458 7.3
Vanuatu (VUT) 01 173 4.1
St. Vincent (VCT) 01 211 6.2

@ Countries are ordered by size relative to the United States. Those not shown encountered numerical
problems when computing the counterfactuals.
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