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In this appendix, we provide modeling and computational details for the model in the main
text. We also show the full mapping between the model variables and their empirical analogues in
the national and international accounts. Finally, we write out the current accounts and financial
accounts for a 2-country version of the model and show how they relate to household budget

constraints.

1. Model Details

The model is a multicountry (or, more generally, a multi-union) dynamic general model de-
signed to study the dissoluation of an economic union. Economic unions are indexed by i (unless
otherwise noted) and multinational firms are indexed by w. Firms incorporated in ¢ have indices
in the set €;, that is, w € ;. Economic unions are characterized by their productive capacity
(N;), their TFP (A;), their policies governing traded goods ({;(w)), and their policies governing
investments by foreigners (o;(w)). These characteristics are taken as given by multinational firms
when making their production and investment decisions and are critical determinants of where

production occurs and who the final consumers are.

1.1. Multinational Problem

Multinational with technology w maximizes the present value of after-tax worldwide dividends,

namely,
max (1 — 74) Zt pt Dy (w)

where 74 is the tax rate on shareholder dividends, p; is the Arrow-Debreu price, and D;(w) is the

total dividend payment given by

Dy (@) = { (1= ) (Pat (@) Y (@) = 07K (@) = Xpu (@) = X (@) Xare ()]

= WitLiy () = P (@) (K081 (@) = Kryie (@) }-

with y;(w) = 1 if w € ;. The dividends are summed across all countries and are equal to
after-tax profits less retained earnings. Profits are equal to sales (P;(w)Y;(w)) net of depreciation
(00K i(w)), expensed intangible investments (X, ; + x;(w)X,,), and labor costs (W;L;(w)). Re-

tained earnings is equal to net investment, which is the change in plant-specific tangible capital
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(K1 i(w)). The producer price of goods made by firm w in i is P;(w) and total output is given by

Yie (w) = 03t (w) Age (Ni My (w))? (Zig ()77

Zit (0) = (Kp,it (@)™ (Kt (@)™ (Lag () 7277
The firm’s factor inputs are plant-specific tangible capital (K, ;(w)), plant-specific intangible cap-
ital (K, ;(w)), technology capital (M), and labor (L;(w)). The technology capital can be used
nonrivalrously at all possible production locations. Investments in capital are denoted by X and

the capital accumulation equations are given by:
KT,i,t—H (w) = (1 - 6T) KT,it (w) + XT,it (w)
Kl,i,t+1 (w) = (1 - (51) KT,it (w) + Xl,it (w)

M (w) =1 =0y) M (w) + Xyt (w) .

The first-order conditions for multinational w producing in i with respect to L;(w), K, ;(w),

K, ;(w), and M(w) are as follows:

Wi =(01—-¢)(1—ar—oar) Py (w) Yy (w) /Lit (w)

Pt Pyt (w)
— =14+ (1- i 1-— aT}/i w KTi w_éT
Pi+1Pit1 (w) (1= 7pias1) (1= ¢) a1 (@) [ Kr iz (w) )

=1+ =7p4641) (Pryiis1 (W) — 07)
PPt (w) _ (I —7pit+1)
Pi+1Pitt1 (w) (1 —7pit)
(1= Tpit+1)
(1 —7pit)
Pt _ > (1= 7pit+1) Pirr1 (W) (8Yi 41 (W) /Miy1 (W) + xi (W) (1= 00r))
P41 Zz (1= 7pit) Xi (W) Pt (w)
i = mpieg1) Pi1 () (P (W) + X3 (@) (1= 6ur))
> (L= Tpit) Xi (W) Py (w) '

(1 =¢)a,Yiir1 (W) /K1 (w) +1-6;)

(Tl,i,t+1 (w) +1- 61)

If there are costs to adjusting capital, then the capital accumulation constraints are replaced
by:
Krisyr = (1= 07) Krgt + Xrit — 0 (X it (W) [ Kr it (W) Kr i (W)
Kripe1 (w) = (1= 6;) Krit (w) + Xpae (0) = 0 (Xpt (w) /Kpie () Kt (w)
Mty (w) = (1= 6a) My (w) + Xarp (w) = @ (Xt (w) /M (w)) My (w) -
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We use the following functional form:
') ®1
p(X/K) = (X/K =0 =)™,

where § is the depreciation rate of the relevant investment series and 7y is trend growth in the

global output. Below, we’ll use the following short-cut notation:

erit = ¢ (Xrit (W) /Ko it (w))
0T it = 90/ (XT,it (w) /KT,it (w))-

The new first-order conditions with respect to capital stocks Ky ; 141 (w), K i 1+1(w), and My yq(w)

are given by
piPit (w)
pe1Pity1 (W) (1 — 001 it)
=1 —=7pitr1) (1 = @) arYiti1 (W) /Kr i1+ Tpitr10r
(1 =07 — @141 + 001 141 X7 i 141 (W) [ Kr 41 (w))
(1 —0¢r,it41)

+

pi Pyt (w)
Per1Pitt1 (W) (1 — 0pr,it)
1 — Ty
= ((1_#51) (1 =) arYiy1 (W) /Kr i+
(1—=0,—¢rit+1 + 001141 X i1 (W) /K 141 (w))
(1 —=0¢r1,it+1)

+

Dt
pev1 (1 — oare)
> (1= 1pie41) Pt (W) BYi 141 (w) /Mg (w)
Zi (1- Tp,it) Xi (w) Py (w
(1= 0m — omt1 + 0omeXanp1 (W) [Mig1) 305 (1= Tpiser1) Xa (W) Pirgr (w)
(1 = 0pnre+1) > (L =7p) xi (W) Pit (w)

1.2. Household Problem

Households in country i choose sequences of consumption goods Cj, labor L, shares in

companies S;;(w), and bonds B;; to solve the following problem:
max Zt B [log (Cit/Nit) + ¥log (1 — Lit/Niy)| Ny
subj. to Zt Dt [Pitcit + Zw Vi (w) (Si,t-i-l (w) — St (w)) + Bi,t+1 — Bt
< Zt Dt {(1 = 71i) Wit Lig + (1 — Taz) Zw Sit (W) Dy (w) + 7p¢ Bit + fiz‘t] ;
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where

P
1

Cit = (Zw Cit (w)%) et

Ly = Zw Lit () + Lnp,it,

and

o1 e-1\ 25T
Ciu () = (CE @) T +CL @) )T we e,
with p > 0, 0 > 0, and p > p, where recall that §2; are technologies that have been developed in .

Also, total consumption expenditures are given by

PuCiy = Zw Pit (w) Cit (w)
Py (w) Ciy (w) = Py (w) Cfy () + Pif (w) CFf (w) w0 ¢ Q.
We assume that L,y ;; is exogenously determined labor in the nonbusiness sector, 7;;, and
T4 are tax rates on labor, and company distributions, V;(w) is the price of a share of a firm
producing using technology w, W;; is the wage rate in country ¢, and ry; is the after-tax return on
lending/borrowing. We assume that country 4 has a population of size N;; = ny (1 + vy)*, with
common growth rate vy and a country-specific shifter n;;. Note that the measure of a country’s
production locations is proportional to its population. Hence, we use the same notation for both

variables and set the constant of proportionality equal to one (without loss of generality).

We have included nonbusiness hours (exogenously) in total hours and will include nonbusiness
income less investment in ;. The nonbusiness sector is added in order to ensure that the national
income and product accounts (NIPA) aggregates are of the right order of magnitude. Because our
focus is on returns to capital, we also assume that taxes on labor are constant over time while

technology parameters and tax rates on dividends and profits vary over time.

The first-order conditions with respect to Cj(w), Ck (w), CL(w), Lit, By, and S; 441 (w) for

the household in country ¢ are

9C;;
P. — At L
/\pt it (w) ﬁ Uc,zt acit (w)
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N‘ C 1/P
_ pttvat 1t
g Cit <Cit (w)> e
801 0C5 (w)
A PE (w) = B'U.; i i
Pl () =0 e G (9] ()
N; Cit (w
¢+ 4Vat zt it
— O,
o (ai) (Gg) e
0Cy  0Cy (w)
PT (w) = U, ; i i
/\pt 1t (UJ) /8 UC,’Lt acit( )803; (w)
g (_Ca N Cu N g
Cit \ Cit (w) Ch(w)/) Z
/\(1 - le)pt ﬁ Ul it = ¢ﬁt/ (1 - th/Nlt)
Dt
=1+
e (I +7y441)
pe [ Vina (W) + (1 —7) Df+1 (w) v
= ) w?
Pt+1 Vt(w)

where )\ is the Lagrange multiplier associated with the household budget constraint.

Using the first-order conditions, it is easy to show that

bt _ Nit Pit+1Ci 41
BNii41 P Cis

Pt+1

chw= (B o w v




1.3. Resource Constraints
The resource constraints for each technology w are given as follows:
Yy (@) = Of (@) + Xr e (@) + Xr e (@)1 # 0
Vir @) = Cua @) + 3 (1 Gt (@) € @) + Xoar ()

+ Xilt (w) + Xyt (w) + an,it - ?nb,ita

where 4 is home for the multinational firm with this technology, that is, w € §;, and j are the

economic unions that host the firm’s foreign affiliates. Here, we have explicitly included (exogenous)

nonbusiness investment an,j and output an,j.

2. Computational Details

2.1. Detrended First-Order Conditions

We will use small letters for growth-detrended variables. Specifically, let

Ci w Ci w
cit (W) = ) 7= (@) 7
Nig (1 +7,) nit (1 + )
P Ccl (W) Cl (W)
it (W) = T = t
Nig (1417,) Nt (14 7y)
T Ci:Iz; (w) Ci:Iz; (w)
Cit( ) - t t
Nt (1 +7,) nie (1 + )
Yie (w Yie (w
Yir (W) = ) = () 7
Nit (T+7,)  na (L+7y)
L; L;
lir = ﬁ7 lit (w) = #
w — Vit
)
k.t (w) = - ) T - ) t
Nt (1 +7,) nie (1 + )
. X-,it (w) X-,it (w)
Toyit = T T
Nit (T+7,)  na (L+7y)
Xt (w
Tay (W) = ﬁ
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M; (w)

AR
Dt ((.U)

dy (W) = ——
( ) (1+’YY)
g = _Ait

! (1+’YA)t’

where 7, is the growth rate of output, v, is the growth rate of per capita output, and 7, is the
growth rate of TFP. Using the production technology, we can determine the growth rate of total

output on the balanced growth trend:

(L) = (14 7) (L) (1 90)? (T4 )07

(14 ,yy)af(l—¢) (1+ ,YN)(l—aT—aI)(l—@

1—(ap+ar)(1—¢)

S S 1-(aptar)(1-9)
= (14 y,) Grer—er)0=9) (1 4 ) (-er—a)0-¢)

where recall that 7 is the growth rate of the population (and locations).

2.2. Equilibrium Paths

Substituting detrended variables into first-order conditions (and assuming that the only time-

varying tax rates are on profits) implies:

kritr1 (W) = [(1=0z) krit (W) + Tz it (W) 10t/ (i1 (1 +9v))
ki it+1 (w) = [(1 —6;) Kyt (W) + Tt (W)] nit/ (ni,t+1 (I+~y))

Mgy (W) = [(1 = du) my (@) + st (W)] /(1 +v)

di (w) = Zl{(l — Tp.it) Nt (Pit (W) [Yir (W) — Srkr it (W) — 214t (W)] — wieliy (w))}
- Zl (1 = 7p,it) Xi (W) it (W) Tare (W)

— Zl Dit (w) {ni,t+1 T4+ v) krit+1 (W) — Ntk it (w)}
e () = o0 @) 37 s () (U @) (o (@) e )=

Yit (w) = cit (w) + Z#i (1+ G (W) njecty (W) /mig + zr (W)
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+ 14t (W) + Tare (W) [Nt + Trbyit — Unbyit
it (W) = ¢y (W) + @1t (W) +2rje (W), G H# 10

Pe/Pryr = (L+7,) Pigs1€ips1/ (Bpiccin)
Pe/Pry1r =1+ Tp 41
(L= 7)) wie = Ypiscie/ (1 — lie — lnb,it)
wip = (1= ¢) (1 = ar — a;) pit (W) yi (w) /lir (W), all w
rrit (W) = (1= @) aryit/kr it (w)
rrit (W) = (1= @) aryie (W) [kt ()
Parie (@) = dnagyie (W) /me (W) -

In equilibrium, )", Sij;(w) =1 for all w and ), Bz = 0.

2.3. Steady State

We do not linearize around a steady state when computing equilibria, but the steady state is

useful for gaining intuition about our solutions.

The steady state in this economy, with y;(w) = 1 if w € Q; and 0 otherwise, can be computed

as follows. Given parameters, guess ¢;, l;, m(w), and p;(w) (with p;(w) = 1,w € ;) and compute

ro=(1+47,)/6-1
P (@) =p;i (@)
pi (W) =pj (W) 1+ (W)




(Tp

wi = gpica/ [(1 = mq) (1= 1)
i (@) /1 (@) = wi/ (i () (1= 6) (1 — g — ), w €
i () [l (@) = i (@) i () J1i () [ (&) w € Q.0 &
ki (@) /yi () = (L= @) ar) / (] (1= 75) + )
biifyi (@) = (1= 8) ) [ (s + )
i () = [ () (i () fyi ()77 (s (@) fyi ()70
(1 (@) fyi ()OI o ()
= values for k;; (w),k;; (w),1; (w) given ratios above
d(w) =37 mal(1 =70 (b1 (@) s () = wili () = 60ps (@) Fors (0) = O +81) pi (@) by ()
= s (@) i (@)} = (o 620) (1= 730) X (@) i () ()
Ki = Teipici + miwili + 14y 8 (W) d (W) /ng
i ) (0 (0) Y (@), — wili (@) = 0rpi () ki ()
= (o + 8091 () Ky () = i (v + 810) i (@) m0.w) /5 + i — T

With these intermediate results, we check that

l; _Z li (W) + lnp.s, all i

—Yy) by = pic; — (1 — 1) wil; — (1 — 74) Z s; (w)d(w) /n; — K4y all i

rb—éM:Zi (1 — 1) pi (W) (Pny; (w /Z — Tpi) Xi (W) pi (w), all w
0 =y; (W) + Ynbi — i (W) — Z#i (1+¢ (w)) njc;fr (W) /n; —xp; (W) — 214 (W) — 20 (W) /15 — Tyt > 1w €Q
0=y, (w) — cf (W) =27 (W) —21; (W), ] #i,w ¢ Q.
If it does not, we update the guess and continue.

To make sure that everything is adding up properly, we also double-check that the first resource

constraint holds:

0=y (W) + Ynb,i — ¢ (W) — Z#i (14 ¢ (W) nje (@) [ — 20 (W) =214 (W) = 2ar (W) /75 — T i

fori=1and w € ;.



3. BEA Accounts

3.1. Multi-country Case

We now apply the BEA’s procedure to set up the national and international accounts for our

economy. This implies the following for GDP and GNP and their components:

e Nominal GDP;; = > Pi(w)(Yit(w) — X it (w) — Xi(w) X (w)) + Piti_/nb,it

Income:
Depreciation: 05 ), Pit(w) Ky it(w)
Compensation: Wi, >~ Lis(w) = Wi Ly
Profits:
Tax: it 3o, { Pit (W) (Yit(w) — 07 K it (w) — Xrae(w) — xi(w) Xt (w))
~WitLig(w) }
Dividends: Y {(1 — 7p,it){ Pit(w) (Yit(w) — 00 Kr it (w) — X; 4t (w) — xi(w) Xar,e(w))
Wit Lit(w)} — Pig(w) (K t41(w) — Kr it (w))}
Retained earnings: > P (w) (K41 (w) — Krie(w))
Nonbusiness income: Y’nb,it
Product:
Consumption: P;;Cj
Measured investment: Y. Pi(w)(Xzit(w) + Xnb,it)
Exports: >°.; P(w)(1 + Cit(w)Ci(w),w € Q;
Less Imports: >, Pj(w)(1 + Cit (W) OF (w),w ¢ Q;
Net Exports: »_ cq EXit(w) — Zwﬂh IM;(w)

e GNP;; = GDP;; 4+ Net factor receipts less payments

Net factor receipts (from j to )
Direct investment: > ., > cq. Djt(w) + Pje(w) [K1 j141(w) — K1, 5¢(w)]
Portfolio equity: -, ;> ,cq. Sit(w)Dy(w)
Portfolio interest: r; B;;  if By >0

Net factor payments (to all j from 7)
Direct investment: » ., Zweﬂ it(W) + Py (w) [Krii41(w) — Kp it (w)]
Portfolio equity: >, > cq, Sjt(w)Di(w)

Portfolio interest: rp; B;;  if By <0
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e Balance of Payments: Current account = Financial account

Current account:
Net exports (see above)

Net factor receipts less payments (see above)

Financial account
Direct investment: >, > cq. Dit(w) + Pit(w) [Kr,it41(w) — Kr,it(w)]
Portfolio equity: 37,40, Vi(w)(Sit+1(w) — Sit) = 22,2 >oweq, Ve(w)(S)e41(w) — Sje(w))
Portfolio debt: B; ;41 — Bt

3.2. Two-country Case

It is useful to examine the current account and financial account for a two-country case, since
we can relate it to the household budget constraints. Let u be the United Kingdom and e be the
remaining EU countries. We will index companies in the United Kingdom by wg, which we will
refer to as “domestic.” We will index EU companies by wy, which we will refer to as “foreign.”

We will assume full expensing at home.

In this case, the current account can be written as net exports (NX) plus net factor receipts

(NFR) less net factor payments (NFP):

CAy: = NXyu: + NFRy: — NFP,,;
= [Put (wa) (Yur (wa) = Xyut (wa) = X ue (Wa) = Xorg (wWa)) + Pur (wr) Yt (wr) = Xrur (w5) = Xt (w))
+ Pyt (wa) (Yov,ut — Xnbut) — PurClut]
+ [ = 7pet) {Pet (wa) (Yer (wa) = 60 Kr et (wa) — Xiet (wa)) = WerLer (wa) } + Sut (wr) D (wy)]

|0 = ) (Par (1) (Vi (w07) = 8Kt (07) = X (7)) = Wan L} + St (wa) D () = 1B

= (]- - 7-lu) WutLut + (]- - Td) Z] Sut (w]) -Dt (w]) + Tstut + Rut — (]- - Tcu) PutCut

+ Pet (wa) (Kre,t41 (W) = Kr et (Wa)) = Put (Wr) (K w41 (Wr) = Krout (wr)), (3.1)
where

Ryt = TcuPutCut + TluWutLut + 74 (Sut (wd) Dt (wd) + S"-Lt (wf) ‘Dt (wf))
+ Tp,ut{Put (wd) (Yut (wd) - (STKT,ut (wd) - Xl,ut (wd) - XM,t (wd))
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+ Py (Wf) (Yut (Wf) - 5TKT,’U,t (wf) - XI,ut (wf)) - WutLut} + Py (wd) (?nb,ut - an,ut) .
In writing net factor payments, we assume that B,; < 0 and therefore net factor interest is paid
by the United States to rest of world.
When considering trade costs, we want to distinguish exports and imports. In this case, we

can write out net exports, say for the United Kingdom, as follows:

NXyt = Put (wa) (Yur (wa) = Xrur (Wa) = Xyt (Wa) = Xare (wa) + Vopur — Xnbut)
+ Put (wr) (Yur (@f) = Xpue (W) = Xt (wr)) = PutCut
= Pyt (wr) (Yat (wa) — X1t (wa) = Xpue (wa) — Xre (Wa) + Yov,ur — Xnb,ut)
+ Put (wy) Yur (wp) = Xoue (wf) = X e (wy)
— Put (wa) Cut (wa) — Py (wy) O (wy) — Py (wy) CToue (wy)
= Put (wa) (1 + Ce (wa) O (wa) = Pet (wy) (14 Cu (wy)) Oy (wy)

where the first term is total exports from UK to EU and the second term is total imports from EU

to UK. If there were more countries, these terms would be sums.
Next, consider the financial account (FA), which is the change in assets and given by
FAut = [Pet (wa) (Kr e 41 (Wa) — Kz et (Wa)) — Vi (Wa) (Se,t41 (wa) — Ser (wa))]
— [Put (wp) (Kr w1 (W) = Krut (wWr)) = Vi (Wy) (Sues1 (Wf) = Sut (Wg)] + Buts1 — But
= Zw Vi (W) (Suyt+1 (W) = Sut (W) + Bu,t+1 — Bu

+ Pet (wa) (Kr,e,t+1 (W) = Kr et (Wa)) = Pur (Wr) (K41 (Wr) = Krout (wr)), (3.2)

where we use the fact that . Si;(w) =1 for all ¢t and all w. By the balance of payments, FA less

CA is equal to zero and therefore

(1 - Tcu) PutCut + Zw V;E (w) (Su,t+1 (w) - Sut (w)) + Bu,t+1 - But

= (1 —7) Wyt Ly + (1 — 74q) Zw Sut (W) Dy (W) + rye Byt + Kut,

which in turn implies that the household period ¢ budget holds each period.

12



