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A Decentralizing the Labor Supply Decision in the Household
Problem

This Section shows that the labor supply decision solving (6) subject to (7) and (5) can be decen-
tralized to individual workers solving equations (5) and (9).
The Lagrangian of problem (6), (7) and (5) is
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Because each worker is infinitesimal, and the allocation of one worker does not interfere with the
allocation /utility of other individual workers (conditional on aggregates), maximizing
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means maximizing each individual term. Therefore, the planner solves, for each individual, the
recursive problem:
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Denote by F! the set of information at t. So, Fy (.) = E (|]: t). For an unemployed worker in sector
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Using the law of iterated expectations we obtain:
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For an employed worker in sector k, kﬁ =k, ez =1
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Make the following definitions
U (wf) = Liy (kf = k, ) = 0,2f,wf) , and
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U } (wh) is the value of unemployment in sector k, conditional on the preference shocks wf, and
W} (x) is the value of a job with match productivity . Note that LY, (k:é =k, e} = 0,1}, w}f) does
not depend on mﬁ and LY, (kzt =kel=1ux wg) does not depend on wf. Rewrite Uk (wg) as
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It is now clear that the optimal policy e

k 0 otherwise

Define U} = E,, (ﬁ 4 (wé)) . We therefore have the following Bellman equations:
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B Steady State Equilibrium

In this section we derive the equations characterizing the steady state equilibrium. The key con-
ditions that we impose is that variables are constant over time, inflows of workers into each sector
equal outflows, and job destruction rates equal job creation rates. We also impose that the prefer-
ence shifters {qﬁf} are constant and equal to 1 in the long run.
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Trade + Price System
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Market Clearing System
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C Solution Methods

This Section presents the different algorithms we developped to estimate the model and to perform
counterfactual simulations. Section C.1 details the estimation algorithm and Section C.2 obtains
expressions for simulated moments. Section C.3 outlines an exact hat alebra algorithm to compute
changes in the steady state equilibrium in response to shocks in trade costs, productivities or net
exports. Section C.4 develops the algorithm solving for the transition path of our complete model
with trade imbalances. Section C.5 adapts this algorithm to the case where we have exogenous
deficits. Finally, Section C.6 outlines the procedure we use in Section 5.1 to extract the shocks in
trade costs, productivities and inter-temporal shocks.

C.1 Estimation Algorithm

Define Iy; (z) = [ (s — z) dGy; (s). Imposing Gy ; ~ log N/ <0, U]%’z) and a bit of algebra leads
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Note: The estimation procedure we describe takes trade shares
given.

Step 1: Solve for {Y},;} using:
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The rest of the procedure conditions on these values of {Y},;}.

pF .
Step 2: Guess model parameters §2. We treat ki ; = % as parameters to be estimated.



Step 3: Define N
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Abort the procedure and highly penalize the objective function.

> 1, the free entry condition cannot be satisfied—1I}; is decreasing.
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1,; goes above &%bz , we update it to be equal to g}gbz (minus a small number).

Step 4: Find g}ébl such that =1 I, (g};bl) = wy,;. If along the algorithm

Step 5: Guess {Ly;}, and {z;,}

Step 6: Compute I}, ; (g,“), G, (@“), O and uy ;.
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Step 8: Compute {wy;}

Step 9: Compute {E,‘C/Z}
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Step 12: Obtain {Uy;}.



e Step 12a: Guess {U,Si}

e Step 12b: Compute until convergence
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So, we update x},; according to:

(@m')/ (1 - 5) Uk;,z‘ — Nk,

NiWy ;

s = min { (1= Ap) 2 + Ao (24) s 2i |



Step 15: Armed with Ly7 and 25" go to Step 6 until
0.

[{ = b} = 0and [t~} -

Note that H{gzeﬂ - @“}H — 0 does not imply that (A.37) is satisfied. Therefore, we penalize

deviations from (A.37) in the objective function.

Step 16: Generate moments, compute Loss Function, guess new parameter set {2 and go to Step
3, until objective function is minimized.

Note: Given that we condition on the trade shares W,?gfa, we can estimate the model country by

country, separately. However, in practice, we will first estimate the model for the US and obtain all
of the US specific parameters. Next, armed with US-specific mobility costs Cyir and sector-specific
exogenous exit components xj, (we will impose xx; = X;+Xxx), we estimate the remaining countries’
parameters separately, in parallel.

C.2 Expressions for Simulated Moments

C.2.1 Employment Shares
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C.2.3 Sector-Specific Average Wages
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C.2.4 Sector-Specific Variance of Wages
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C.2.5 Transition Rates

Note that the transition rates in equation (10) are transitions from unemployment in sector k to
search in sector k' within period ¢. There are no data counterfactuals for this variable. However,
we can construct a matrix with transition rates between all possible (model) states between time
t and time ¢t + N (where N is even)—where variables are measured at the t, stage (which is the
production stage). From this matrix, we can obtain N-period transition rates between all states
observed in the data (employment in each of the sectors and unconditional unemployment). First,
we obtain the one-year transition matrix %+ between states {u1, ..., U, 1, ..., K} . Here, we abuse
notation to mean uy as sector-k unemployment at the very beginning of a period.

The one-year transition rate between sector-¢ unemployment and sector-k unemployment is

given by:
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until ¢ 4+ 1. Similarly, the one-year transition rate between sector-¢ unemployment and sector-k
employment is given by:
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According to the timing assumptions of the model, the one-year transition rate between em-
ployment in sector & and employment in sector &’ is zero if k # k’. However, the persistence rate
of employment in sector k is given by the probability that a match does not receive a death shock
times the probability that the match is not dissolved because the threshold for production increases
in the following period:
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Finally, the one-year transition rate between sector-k employment and unemployment in sector £



is given by:
Oifk#4¢

1
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That is, if a worker is employed in sector k at ¢, she cannot start next period unemployed in sector
£ if k # ¢. Otherwise, workers transition between sector k employment to sector & unemployment
if their match is hit with a death shock or if their employer’s productivity goes below the threshold
for production at t + 1.

We can now write the N-period transition matrix as:
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and we can write transition rates between unemployment u and sector-k employment between ¢
and t + N as:
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Finally, we can write transition rates between sector-k employment and unemployment u as:
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1-period transition rates
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C.3 Algorithm: Steady-State Equilibrium Following Shock
Consider shocks {Agﬂ-} — {A,lg’i}, {do } — {d}c’oi}, {NXO} — {NX}}

k,oi

We will be using 0 superscripts to denote the initial steady state, and 1 superscripts to denote the
final steady state.

Start from estimated Steady State: {L%i}, {gg,i}, {fﬁgi}, {772701.}

0 _ .Data
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We also have %2,2‘ = , but we do not know {PiF’O}

. . . ~ 1
Denote relative changes in variable a by a = &5

Step 1: Guess {L}“} and {illcz}

Step 2: Guess {@;1}
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e Step 2a: Compute @k, = % and iteratively solve for P!. and Cr.; using the system
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Step 12: Update {g}“}

Note that in equilibrium: B
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C.4 Algorithm: Out-of-Steady-State Transition

Inner Loop: conditional on paths for expenditures {EZC ’t}—determined in the Outer Loop
below.

T T
Consider paths {At } Sz and {dmk} SZ with AO = 1 and do ik = L Also, consider paths

{(;St TSS with ¢Y = 1 and gbt =1for T <t <Tgg, for some T << Tgg.

Step 0: Given paths {Eic’t}, compute paths {Xf} Xf = ELé,z
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e Step 2g: Compute Bellman Equations
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e Step 2i: Update xkss =(1-=X)zy S + Az ( ) for a small step size \;, and go back to
Step 2d until convergence.

e Step 2j: Compute sg;j,S’TSSH

—Choe.i+by, Z+9TSS~TSS)\TSS ~ZSS B%Z Jr(;UTss
exp ,
Gi
Tss,Tss+1 _
Skt N3 Too Tao~T T Br 4 T
—Crpatbr +9 ss kss)\ ss ~kss T oulss
Z exp Gi
k

Tss (_ Tss N
Step 3: Obtain series {w,im}t .’ { }5“} N Define 7t = %(t)

it

~t ; . . 3 .
e Step 3a: Fort =1,...,Tgg —1 compute w;, ;, = ;’51 and iteratively solve for Pk{f and 6};1 using
’ k,i ) )

the system

e Step 3b: Compute ﬁ,it fort=1,...,Tgg — 1:

k=1

e Step 3c: Compute ﬁ,’i’oi fort=1,...,Tgg — 1:

-\
~t 7

~t o Et ck,odk,oz‘

Tk 01 — “tko f)Lt

ki

e Step 3d: Compute or t =1,...,Tgg — 1:



_ ot _ 0 =t
T o1 7[-]{3,02'71-]{2,07;

Ft F0 pFt 0 BEt
— gt = kel " Rk B P W 0 B
- ~t - ~0 F,0 75t — N i at

oy Wi Wi Py Wy T

Step 4: Given knowledge of wkss )\TSS and SS (and therefore J; SS (s)), start at t = Tgg — 1
and sequentially compute (backwards) for each t =T¢s—1,...,1

e Step 4a: Given wy, ,, a:};tl, i 0 )\ﬁ and J,itl (s) compute 0}; ;

)\t%t Wt
ki ki < 1 then

If Pras fﬂcmax Jt+1(s)de i(s)

Nt~ ~t
t -1 A ’{k zwlm

Oki = 4
k, ¢t+1 f$max t+1 )deJ (S)

NG o . . . "
e fzmax I (G (5) > 1, it is not possible to satisfy Vi, = 0, so that V, <0 and

If

e Step 4b: Given ath I/VtJrl (x) = B’“ : Jt+1 (z)+ UtJrl (for x > xtH) 0 UtJr1 compute Uy ;.

Notice that [ W,gjl( )dGr, (s) = 5'” e S (5) dG (9)+ (1—Gk,i (aph)) Ut
so that:

_Ckk/ 4 bk’ .
00 0) i (0 ) 2 o T3 (8) A (5) + 00 UL

Ui, =Clog [ > exp C
K’ !

e Step 4c: Given J,it-l (z), w ,“, U,“, U;;tl and le compute Jli,i (z)

T (@) = (1= Bra) Mg ;2 + (1 = Br) i
— (1= Bra) (Uks = 085U ) + (1= x000) 00 max { T4 (@) 0

e Step 4d: Solve for zf ;: J}; (gf“) =0

.. tt+1 Tss—1 . . .
Step 5: Compute transition rates {skk, ’ } for all countries i according to:
—Crrr i + biy i+
v TP OO a0 ) T S T () dG i) + 001 UL
S, . =
R _Ckk” i + bk” it

1 Bk// i t

Zk” exp { 5$§+19tu7iq<9t” ] ﬂk//i -'Em'xx L de” ( ) + 5¢t+1Ut+1, }



Step 6: Start loop over ¢ going forward (t =0 to ¢t = T'sg — 1)

Initial conditions: we know ﬂtk:ifl = u};:io, L’,;:[l = Lﬁo, and 950 from the initial steady state

computation. Obtain ﬂfw and L}tm using flow conditions and sequences {0271-}, {gfm}

e Step 6a: Compute
JCItc,i = L}izu}iﬂizqz (921) (1 — G, (Qﬁzl))

G (25) = G (ak)
AR, AR t—1 ~t—1
. 0 Ly (1 — Ug )
1 =G, (lkz)

t t t t
ot Ly g, — JCy + I Dy,
ki = 7
Ly,

JDi,i = | Xk, + (1 = xp,;) max

e Step 6b: Compute
t+1 _ 7t t+1 t+1
Lk,i =Ly, + IF,m. — OF,m. ,
where
t+1 _ t o~ 1,42
IFk,i = ZLé,iW,isék,i )
(4K

and
t+1 _ pt ~t 41,642
OF;" = Li itk (1 = Skhyi ) :

e Step 6¢: Compute

th ut St+1,t+2
0,300,070k i
ulttl = =1
kg — t+1
Lk,i
e Step 6d: Compute
t+1 _ 7t ~t
’ ’ ’ t+1 t+1
oy 11— Gk,i Ly ;

2

Inztt?!

“k,i

o2\ T\ omi — =

=Lt (1 u )exp ki .
= Lp \L— U,

e Step 6e: Compute expenditure with vacancies

Vit+1 _ ~t+1 ~t+1pt+1, t+1pt+1
Ek:,i = K Wi ek,z‘ Ug i Ly



e Step 6f: Solve for {kafl} in the system

Ct-‘rl VH—l 1
E};:ﬁ;l — —+ Z ( (1 — ’)/gﬂ') I/gk’i}/gtj ) .

t+1 __ t+1 t+1
Yko Z kozE :

1\ Vil
e Step 6g: Compute {w;’;" ) = =t
ki

Step 7: Compute distance dist <{wk Z} 5 {(%J})

/
e Step 7b: Update w}, , = (1 — \y,) Wk, it Aw (w,“> t=1,...,Tsg, for a small step size Ay.
e Step 7c: At this point, we have a new series for {@2 Z} — go back to Step 2 until convergence

of (e

Step 8: Compute disposable income {I ¢

K
=>_ (v~ BY)
/=1

Tss

Outer Loop: iteration on {NX}}

Step 0: Impose a change in a subset of parameters that happens at ¢ = 0, but between t. and t4.
That is, the shock occurs after production, workers’ decisions of where to search and after firms
post vacancies at t = 0. Impose a large value for Tsg. Assume that for ¢ > Tsg the system will

have converged to a new steady state. World expenditure with final goods ZEZC ' is normalized

i=1
to 1 for every t.

Step 1: Start with estimated state equilibrium at ¢ = 0. Remember that we used the normalization

I K
> > Y, =1 during the estimation procedure. Change the normalization from ) > Y, =1
i=1k=1 i=1k=1

I
to Y. EY = 1. Nominal variables to be renormalized: {Ykoi}, {@22} {Eic’o}, {NXP}.
i=1 ’

I
Step 2: Obtain BY with respect to the normalization Y ES = 1. Equation (37) gives us:




I
Step 3: Make initial guess for N X5 (with respect to the normalization > ES = 1).
i=1

Step 4: Compute steady state equilibrium at Tgg, conditional on NXZ»TSS , and the change in
parameter values.

I K
e Step 4a: Notice that the steady-state algorithm uses the normalization ) )" Y;,; = 1. Nor-
i=1k=1
- I K
malize NX, *9 with respect to normalization ) )" Y} ; = 1. To perform such normalization,
i=1k=1

use revenue {YkaS } obtained in the initial steady state if this is the first outer loop iteration,

otherwise use revenue {YkaS } obtained in Step 6 below.

I K
e Step 4b: After computing the final steady state, change the normalization from ) Y Y, ; =
i=1k=1

I
1to S.EY = 1 using {EZC } obtained in Step 3a. Nominal variables to be renormalized:
i=1

() o). {7, o)

Step 5: Start at t = Tgg — 1 and go backward until ¢t = 1 and sequentially compute:
N EC-t+1
e S N O+l
Rl 12171 s B 1 E;
- N Ct — 1
0 >im1 B o -1
Cyt+1
E>
B = st
¢; R

to obtain paths for {Rt} and {EZCt} Note that, because Bi1 is decided at t = 0, before the shock,
R' =R = %.

Step 6: Solve for the out-of-steady-state dynamics conditional on aggregate expenditures {Ezc ’t}.

Step 7: Using the path for disposable income {I ! ij obtained in Step 6 and equation (7) compute:

(NXY) =1t — E®t for 1 <t < Tss

Tgs—1

(NXiTSS)/z S0 Tss_ll ) (B?+ > (E (RT)1> (NXf)’)

t=1

Step 8: Compute

dist ({NXiTSS} , {(NXZ.TSS)/}>



Step 9: Update NXZ-TSS
!/

NXT5 = (1= A) NXT5 42, (NXT5)

for a small step size A\, Go back to Step 4 until convergence of {NXZ-TSS}.



C.5 Algorithm: Out-of-Steady-State Transition, Exogenous Deficits (No Bonds)

T T
Consider paths {A';“} Sj and {dmk} SZ with AO = 1 and dO“,f = 1. Also, consider paths

{¢t TSS with ¢? = 1 and ¢t =1for T <t <Tsg, for some T << Tsg.

Tss

We condition on an exogenous path for {N X! o1

N
Step 1: Guess paths {Af} Sf for each country i.
=

Tss
Step 2: Guess paths {w,C Z} for each sector k and country 4.
t=1

Tss Tss \ss Tss Tss TssTss+l Tss
Step 3: Compute x,.;° consistent with w wy and \; Obtain 0, U,“ s Skl and Mo -

~ ~Tss . Tss ~ Tss ~
e Step 3a: Compute wy; = T Ay = —— and di; = £ Tteratively solve for P[; and
k,i 0,1, k ’
Ck,; using the system
K
. ~ O\ ki =7 (1=ki ) ke i
_ . Pl
Ck.i (wk,z) H( E,z)
=1
N —1/A
DI A O
Ppi= (Zﬂk,oiAk,o (Ck,odk,oi> )
o=1

e Step 3b: Compute ﬁ,fl

e Step 3c: Compute

: Tss _
and obtain T 7Tk oi T k,0i

e Step 3d: Compute

_ ~Tss _ 0 PzF
sz _Hk:z~

T,
e Step 3e: Guess {gkszs}

e Step 3f: Compute

0;5.5 _ q'—l H%SS % 1—6(1— Xga)
s K3
' (1_Bkl>[k1<xkz>



e Step 3g: Compute Bellman Equations

—Cie + by + O SRS NS les P yTss
Tss (l_ﬁk/,i)
US55 = Gilog | Y exp 2
kl

e Step 3h: Compute

T,
Tss\' (1-9) Ukjs — Mk,
(m ) = Tss ~T.
)\Z SSw SS
e Step 3i: Update gfis =(1-X)zy S + Az (x,“ ) , for a small step size \;, and go back to
Step 2d until convergence.

e Step 3j: Compute SZZ,S’TSSH

—Cle,i+be, 1+9T55~TSSATSS NeTSS Be : +6UTSS
exp e
Tss,Tserl
ké i 5
Ckk Z+b* +0TSS~TSS )\TSS ~TSS ki : +(5UTSS
Z P Gi
k

Tss (_ Tss N
Step 4: Obtain series {772702.}15:0, { }t“} Y Define 7t = Z;.

I~ ; . . 3 .
e Step 4a: Fort =1,...,Tgg —1 compute w;, , = ;’51 and iteratively solve for Pk{f and E’,f” using
) ki ’ k]

ot N\ B ke
~ . ~t k,i AI t —Yk,i )Vke,i
Chyi =
N \ —1/A
It 0 ft (o 3 a
Pk i Zwk,oiAk,o (Ck,odk,oi>
o=1

e Step 4b: Compute ﬁ,f;t fort=1,...,Tgg — 1:

the system

K ki
SEt SI,t\ Hei
PP =TI ()

k=1

e Step 4c: Compute %i,oi fort=1,...,Tgg — 1:

& (jt -
~t ot k,0"k,0i
= A
Tk ,01 k,o ﬁl’t

e Step 4d: Compute or t =1,...,Tgg — 1:



_ ot _ 0 =t
7I-k,oi - 7[-]{3,02'71-]{2,07;

F,t F,0 pF,t 50 pIt

Fto= kil ekl TP ki =0 B
= = = =9 oot — S
ki Wy Wi P Wi ki Wy, ;

Step 5: Given knowledge of wkss )\TSS and ggsls (and therefore Jka.S (s)), start at t = Tgg — 1
and sequentially compute (backwards) foreacht =Tgg —1,...,1

Nt ot =t t+1 t
e Step ba: Given w w,”, Ais Tply s K and Ji (s) compute Or.i-

)\t"'t ~t

Kk: zwk: i
If 6¢t+1 fzmax JtJrl( )de,i(S) S 1 then
ki 1 ¢t+1 fxtmax Jt+1 )deﬂ (S)
/\t"%t ,wt
If 5¢t+1fzmax ’},er(;)dG ke 1, it is not possible to satisfy Vi, = 0, so that V!, < 0 and
k,t ’ )
0ri =0
o Step 5b: Given 33715:217 WtH (z) = Bk . Jt“ ()+ Ut“ (for z > $t+1) O i UtJrl compute Uy ;.
Notice that [ Wi () dGhy (s) = 5’“ s T (5) A ()4 (1= G (2437) ) U
so that:
_Ckk/ 4 bk’ .
OO0 s (O ) 125 S IS () A (s) + 661 UL
= (; log exp
el 2 G

e Step 5c: Given )\t Jt“( ), w,t“, 0,“, 0, U,”, U,itl and ZL‘t+1 compute J,i’i (z)

Thi (@) = (1= Big) N g + (1 — Br) s
— (L= Br,) (Uliz - 5@“%?) + (1 = X&) 00! max {JHl (z) 70}

e Step 5d: Solve for gfm J}éﬂ. (gﬂ) =0

Tgs—1
Step 6: Compute transition rates {3231} for all countries i according to:

—Chpr i + by i+
exp 5¢§+10t/ ) Ht, ) lﬂkﬁlk; x;ﬁx t+1 de, ( )+ 5¢§+1U]z;ﬁ-i1
tt-‘rl i k]
Spp i =
ke _Ckk” it bk” it

Zk” exp{ 5$§+19t”,iq<0t"‘ lﬂkﬁ’;/«iz rtmmx : de” ( )+(5¢t+1Ut+1» }



Step 7: Start loop over ¢ going forward (t =0 to t = Tgg — 1)

Initial conditions: we know uz_*l = ul~ e L}i‘fl Li=0 and 6¢=° from the initial steady state

computation. Obtain @} ; and L! . using flow conditions and sequences {9}2 i}, {g’,; Z}

e Step 7a: Compute

JD,; = | Xk + (1 — Xp,;) max

Ly, —JCL+ D,
e L,

e Step 7b: Compute
t+1 _ gt t+1 t+1
Ly =Ly, +1F; — OF,

where
t+1 t41,642
F ZLE iWe,iS ek )i ’
4k

and
t+1 t+1,t+2
OFk,i Lkzukz (1—Ska ) .

e Step 7c: Compute

t ~t t+1 t+2
E Lé [t} Zk i
t+1 (=1
u
ki Lt+<1

e Step 7d: Compute

t+1 _ ~t+1Ft+1
and kai =W, Lk‘,i



e Step 7e: Compute expenditure with vacancies

Vit+1 _ ~t+1 ~t+1pt+1, t+1pt+1
Ek:,i = K Wi Gk,z‘ Up i Ly

e Step 7f: Compute El-c’tJrl = thjl

e Step 7g: Solve for {Y,ffl} in the system

K
Cit+1 Vit+1
Byt = e BT 4 (/ik,iE“H_ + (1 =) ka,iYZ;rl) :
=1

N

t+1 _ t41 pttl
Yo = Tpoi ki -
i=1

e Step 7h: Normalize {th;rl} to make sure it sums to 1 across sectors and countries.

/ t+1
: ~ ’Yk,zY i
e Step 7i: Compute (wZ‘tl) = Et-fi
’ k,i

- o, Tgs Y Tss
Step 8: Compute dist {w,“} L (w,“>
Tot= )=t

/
Step 9: Update @ZJ = (1 — aw) @};l + ay (@fm> for t =1,...,Tgg, for a small step size «a,, and

go back to Step 3 until convergence of {@fm}

Tss

Step 10: Compute disposable income {If i1

K

1= (v~ )

(=1

ci)Tss |
Step 11: Update {El ’ } ) using
t=
B =1 - NX!

1

(4 09

t=1

~ !/ —
Step 12a: Compute ()\t-) = ELth forallt=1,...,Tsg

~ ~ ~ !/
e Step 12c: Update A = (1 — ay) Al + ) ()\f) for t =1,...,Tgg, for a small step size a, and

go back to Step 2 until convergence of {Xﬁ}



C.6 Algorithm: Recovering Shocks

) . Ct TSS At TSS /\t TSS
Inner Loop: conditional on paths for expenditures {EZ ’ } ) and shocks {(ﬁl} , {dk l}
t= '

-~ Alss
and Ay ; = XT’Z — determined in the Outer Loop below.
k,i

As before, we denote changes relative to t = 0 by 2t = ;‘—é This loop conditions on data on

T T
{A}i OZ} . and { kI Zt } _ , where T is the last period we have data on these variables. We assume

Tss
0,1,k

t = 0 is the estimated steady state. Define dk =

doLk:

Step 1: Given paths {Ec’t}, compute paths {Xt} o= Li

% 7 ) Gt
7

Tss
Step 2: Guess paths {wk l} . for each sector k£ and country 1.

. Tss : 2t o lss YTss i nTlss 7rTss Tss,Tss+1 Tss
Step 3: Compute x;.5° consistent with wy and A; ®%. Obtain Hk,i , U,“ s Skos and Mot -

~Tgg

e Step 3a: Compute @%;“ = w~0 Iteratively solve for Pk{ and ¢}, ; using the system
k K

K
~ =\ ki =7 (1=k,i ) vke,i
Cki = (wk,i) | | (Pﬁ,i>

(=1

N —1/X
N A o~ -2
Pk,i = (Zﬂ-k,oiAk,O (ck,odk,oi> )

o=1

Step 3b: Compute ]3,{1

Step 3c: Compute

s g —A
~ - Ck,00k,0i
Tk,0i — Ak,o ( ﬁl >

o i

: Tss _ 0
And obtain 7, =Tk oi k.00

e Step 3d: Compute
~T. _ =0 PzF
— Ky = Ry, iT

T
Step 3e: Guess {gkszs}



e Step 3f: Compute
SSX 1_5(1_Xk,i)
0 (1 = Bry) In (&Zﬁs)

03" =4

i
e Step 3g: Compute Bellman Equations

—Cie i+ by + O SRS NS les P grTss

i (1-Bw.)
Gi

US55 = Gilog | Y exp

e Step 3h: Compute

(xTSS)’ (=0 UES
ki - )\TSS ~Tss
Wy, K
e Step 3i: Update xkss =(1-X)z SS + Az ( TSS) for a small step size A\, and go back to
Step 2d until convergence.

e Step 3j: Compute STSS’TSS+1
—Che,i+be,i+0, SS~TSS)\TSS ~;fss 51’ i Jr(;UTSS
exp G
glss:Tss+l _
m = =
—Chitbi. +9Tss~Tss>\Tss ~Tss 71;1 +5UTSS
Z eXp Gi
k

Tss Tss
Step 4: Obtain series {7Tt } and { Kt } .
p k,oi =T+1 k =1

e Step 4a: Fort =T +1,...,Tsg do:

=t wh .
Compute wy, ; = %0 and iteratively solve for Pk and E}f” using the system

k: i
K 1 ')V ;
~ B ~t Yk,i /\It —Vk,i )Vke,i
Chi = Wk )

=1
N —1/x
A
plt _ 0 7 ~t
P = <Z7Tk:,oiAk,0 (Ck,odk,oz‘> ) :
o=1

e Step 4b: Compute ﬁ,ﬂt fort =1,...,Tgs — 1 (remember ﬁkl’f is data for t =1,...,T):

K

SFt SI,t\ Hki
PP =TI (L)

k=1



e Step 4c: Compute 7}, ; and 7} , for t =T +1,...,Tsg — 1.

Fort=1,...,Tss — 1 do:
First Case: If t <T' then 7, , is data, so do:

t _ .0 ~t
7Tk 01 Trk 0i Tk ,01

End of First Case
Second Case if t > T + 1 do:

-\
~t 7
~t o A‘t ! Ck,odk,oi
Tk 01 k.o ﬁl’t
ki
t _ .0 =t
7Tk,oz' - ﬂ-k,oiﬂ-k,oi

End of Second Case

e Step 4d: Compute for t =1,...,Tgg — 1

Pt FO pFt g0 SF
ot o= meaB  meaiBT B Wi 0 B
=g T a0 O =%

Pk, Wy 4 Wgi Py Wi, ki Wy,

Step 5: Given knowledge of wkss )\TSS and SS (and therefore Ji. SS (s)), start at t = Tgg — 1
and sequentially compute (backwards) for each t =Tss—1,...,1

e Step 5a: Given w, ,, a:fjll, Kt ., Al and J,ﬁtl (s) compute 67 ..

Nttt
Ad Kk: zwk: i

It sttt f””max T EH(8)dGh i (s)

<1 then

Nt ~t
A; ’ik’ zwk )

5¢t+1 j‘fﬂmax Jt+1 )deﬂ (S)

t -1
ek,z' =4q;

Nttt
Al Hk zwk i

soitt iy Jt“( )dGr,i(s)
*k i

If

> 1, it is not possible to satisfy V,g’l- =0, so that Vg’i < 0 and

¢
Ok =

e Step 5b: Given z!, Wit (z) = B Test @)+ Ut (for e > 231, 6], UL compute UJ ;.

1- 5k
Notice that fxtrﬁx Wit (5)dGhi(s) = B’“ fﬁrﬁx Tt (s) dGi (5)+ ( — G (lﬁl)) Ups'
so that:
_Ckk’ -4 bk’ .
+5$§+19t/’iqi (et/ﬂ') IBk i fmtri%x de Z( ) + 5¢t+1Ut+<1

U,ﬁyi = (;log Zexp G
k' !



e Step 5c: Given Jt“( )s w,”, U,“, Ut+1 and gﬁl compute Jlf:,i ()

Jii () = (1= Bry) Xﬁ@i,ix + (1 = Br,i) Mr,i
— (1= Bp) (Uk = 00 U] + (1= xp) 00 max { I (2,0

e Step 5d: Solve for @fm J,iji (gﬂ) =0

Step 6: Compute transition rates {52}?1} for all countries ¢ according to:
t=1

—Crrr i + biy i+
. eXp{ SO0 (O ) i [t T () A (o) 4 661U }
e _Ckk” ; + b it .
2 exp{ 6$§+1«9tu7iq(0t,,vi)f’;;';’/f’i J T (@) dGr () + 09 UL }

Step 7: Start loop over ¢ going forward (t =0 to t = Tsg — 1)

-1

Initial conditions: we know ﬂfi = uk ZO, Lt’_1 = Lk i and szio from the initial steady state

computation. Obtain ﬂfm and L}Z}i using flow conditions and sequences {9 }, {l’k 1}

e Step 7a: Compute
JCh; = Lig uj 5.9 (61:) (1 — Gy (37?@1»

sz<xk1 ) le<mkz)
00 | L (1 - mkj;)
1 — Gy (ﬁc z)
~t

o L}, juj; — JCL; + JD}
L=
’ Ly

IDj; = | Xk + (1 — xg,i) max

e Step 7b: Compute
t+1 _ 7t t+1 t+1
Ly =Ly, +1F; —OF,

where
t+1 t o~ 12
TF; ZLM UpiSei >
£k

and
t+1 t ~t 1442
OF = Ly uy (1 Skk.i ) :



e Step 7c: Compute

e Step 7d: Compute

lngi‘:’.l
UZ i ¢ Thi ™ Ty, ;Z
=L . (1—-7%%.)ex - :
ki ( kﬂ) p 2 o lnﬁjil
o Ok,i

e Step 7e: Compute expenditure with vacancies
Vi+l _ ~t+1 ~t+1pt+1, t+1 7 t+1
Ek,z‘ =K Wy O ugp: Ly

e Step 7f: Solve for {kafl} in the system

K
Cit+1 Vit+1
E;f;tl = pgikb; iy Z (,Ufk,z’Egﬂ‘ (1 - ey) Vlk,il/gtj1> .
=1

k,oi

N
t+1 _ t+1 t+1
Y’w = E T Ek,i'
i=1

~t+1 / Tk thj'Ll
e Step 7g: Compute (wkt ) = j’itfl”
’ ki

!/
Step 8: Compute distance dist ({@f“} , {(@};Z) })

e Step 8b: Update @Zl =(1-X\y) ﬁ,tc’

)

/
C+ Aw (QE}Z@) t=1,...,Tsg, for a small step size A,.
e Step 8c: At this point, we have a new series for {@i Z} — go back to Step 3 until convergence

of {@Zl}

Step 9: Compute disposable income {If Tss

t=1

K
Vit
I = Z (W»iYéfz‘ — By )
=1



Step 10: Compute {(A\fw)/}

t ~t

o~ wy, . .
For t = 1,...,T compute W, ; = =*, obtain ¢, ;:
’ k,i ’
K
4 (At \Tki ﬁ[,t (1—%,1')”1«%,1'
Chi = Wk X )
/=1
—~ /
and compute (A}f“> :
~t

For ¢t > T + 1 set:

/
Feed outer loop with {<g2515> }

Outer Loop: iteration on {NX!}

~ T
Step 0: Compute changes in trade costs {d}; m-} :
) =1
~t 1/X 51t
C/Z} . 7Tk,oo Pk,i
kot 7™\ ~t DIt
ﬂk,oi Pk:o

Set @t . =dr fort>T.

k,oi k,oi
Step 1: Start with estimated state equilibrium at ¢t = 0. Remember that we used the normalization

I K I K
> > Y, =1 during the estimation procedure. Change the normalization from ) Y Y;; =1
i=1k=1 i=1k=1
I
to ZlElC = 1. Nominal variables to be renormalized: {Yko,i}, {ﬁg}i}, {Eic’o}, {NXZQ}.
1=

ECO(EC!
Step 2: Compute Eic’t = = (Bi) pua for t = 1,...,T where EiC’O is aggregate consumption
C,0/ ~C,t
'L;lEZ (El )Data
expenditure in the estimated steady state, and (EZC ’t)D comes from the data.
ata

Step 3: Normalize QA%S =1fort=2,..,T — 1. This yields

Cit+1
R = LCt fort=1,..,T -1
OB
~T
Obtain remaining shocks {qbf} , using
t=
N gott1
A — fort=1,...,T—1

5Eic7th+1



Set g/gﬁ =1 for t > T + 2. The value of ggf *1 will depend on EZC Ts5 and will be recovered in Step 7.

Note: the value of @;:1 does not matter. Individuals made decisions at ¢ = 0 assuming qg’;f:l =1,
as the economy was assumed to be in steady state at ¢t = 0.

I
Step 4: Obtain BY with respect to the normalization Y ES = 1. Equation (37) gives us:
i=1

NX?

1
Step 5: Make initial guess for NXiTSS (with respect to the normalization Y. E¢ = 1) and for
i=1

T
Tss _ AT — Ak
Ak‘,i - Ak‘,i = A0 -

3

ke

Step 6: Compute steady state equilibrium at Tsg, conditional on N X ZT 55 gfis and (i{sof .

I K
e Step 6a: Notice that the steady-state algorithm uses the normalization ) )" Y;,; = 1. Nor-
i=1k=1
- I K
malize NX, °9 with respect to normalization ) ) Y} ; = 1. To perform such normalization,
i=1k=1

use revenue {YkaS } obtained in the initial steady state if this is the first outer loop iteration,

otherwise use revenue {YkaS } obtained in Step 9 below.

I K
e Step 6b: After computing the final steady state, change the normalization from > > Y, ,; =
i=1k=1

I

1 to S.EY = 1 using {EZC } obtained in Step 3a. Nominal variables to be renormalized:
i=1

() o o). o)

ECO EC,2000+t
Step 7: Set Eic’t = ‘ B0
ESTSS for t = T+1, ..., Tss

Note: ngSf =1fort>T+2= Eio’t = EZC’TSS for at t > T'+ 1 (Euler Equation)

) fort=0,...,T, as in Step 0
Data

Step 8: Compute qgiTH, imposing qg[T]fgl =1
C,T.
ST+ — BT
g 5RT+1EZC:T ’

CTss
RT-‘rl — EUS
6EC7T .
Us

~ Tss
We now have a full path for {qﬁf} )
t=



Tss
Step 9: Solve for the out-of-steady-state dynamics conditional on aggregate expenditures {EZC ’t} .’
t=

T,

. ~\ Iss
on preference shifters {(ﬁz}

) and steady-state productivity shocks {g;‘gsls }
t= El

Step 10: Using the path for disposable income {If tij obtained in Step 9 and equation (7)

compute:
(NX!)' =1 — E® for 1 <t < Tss

) = ey (K (o)
(RT)_1> t=1 =1

T=1

Step 11: Compute

dist ({NXiTSS} : { (NX?SS)'}) and
i ({487} (11 )
using the values of { (ﬁgﬁs),} obtained in Step 9.

Step 12: Update NXiTSS
!
NXTs = (1 - Ag) NXT55 4+ A, <NXiTSS>

and gzszs
!/
Afss = (1= aa) AL + A (A7)

for small step sizes A, and A 4.
Go back to Step 6 until convergence of {NXZ.TSS} and {ggsls}



C.7 Parameter Estimates

In this section, we display the complete set of parameter estimates.

Table A.1: Final Expenditure Shares py, ;

Sector | Country — USA China FEurope Asia/Oceania Americas ROW
Agr. 0.01 0.12 0.02 0.01 0.02 0.09
LT Manuf. 0.03  0.02 0.04 0.03 0.04 0.03
MT Manuf. 0.05 0.11 0.08 0.07 0.1 0.11
HT Manuf. 0.1 0.15 0.11 0.1 0.11 0.1

LT Serv. 0.3 0.35 0.34 0.38 0.33 0.39
HT Serv. 0.51 0.25 0.41 0.41 0.4 0.29

Table A.2: Labor Shares in Production ~; ;

Sector | Country — USA China FEurope Asia/Oceania Americas ROW
Agr. 0.45 0.58 0.56 0.54 0.62 0.67
LT Manuf. 0.37 0.25 0.32 0.35 0.28 0.27
MT Manuf. 0.33  0.28 0.31 0.37 0.32 0.28
HT Manuf. 0.39 0.24 0.33 0.32 0.31 0.25
LT Serv. 0.61 0.37 0.49 0.54 0.56 0.48
HT Serv. 0.62 0.55 0.63 0.67 0.67 0.68




Table A.3: Input-Output Table — Average Across Countries % > i Ve

User | Supplier -  Agr. LT Manuf. MT Manuf. HT Manuf. LT Serv. HT Serv.
Agr. 0.267 0.079 0.118 0.138 0.26 0.139
(0.056) (0.019) (0.036) (0.029) (0.06) (0.07)
LT Manuf. 0.195 0.376 0.043 0.081 0.223 0.082
(0.047) (0.064) (0.009) (0.015) (0.041) (0.04)
MT Manuf. 0.222 0.066 0.287 0.106 0.225 0.095
(0.034) (0.017) (0.04) (0.022) (0.052) (0.044)
HT Manuf. 0.022 0.157 0.067 0.463 0.184 0.106
(0.018) (0.022) (0.015) (0.052) (0.044) (0.05)
LT Serv. 0.057 0.136 0.105 0.101 0.343 0.259
(0.042) (0.03) (0.027) (0.034) (0.073) (0.11)
HT Serv. 0.007 0.076 0.033 0.11 0.267 0.507
(0.005) (0.023) (0.019) (0.071) (0.069) (0.171)
Note: Standard Deviation of v, across countries.
Table A.4: Mobility Costs Estimates Cyy
From | / To — Agr. LT Manuf. MT Manuf. HT Manuf. LT Serv. HT Serv.
Agriculture 0 0.825 1.560 0.454 0.189 1.676
LT Manufacturing 0.414 0 0.005 0.000 0.799 2.034
MT Manufacturing 2.033 0.000 0 0.002 0.866 2.646
HT Manufacturing 0.015 0.001 0.003 0 0.276 0.917
LT Services 0.268 0.972 1.221 0.466 0 0.002
HT Services 0.790 1.826 2.150 1.201 0.004 0
Table A.5: Sector-Specific Utility and Variance Estimates 7 ;, O']%J-
Sector | / Country — USA  China Europe Asia/Oceania Americas ROW
Agriculture 0 0 0 0 0 0
LT Manuf. -0.383 -0.943 -0.428 -0.521 -0.588  -0.316
MT Manuf. 0.026 -0.566 -0.245 -0.229 -0.195  -0.072
HT Manuf. -0.551 -1.557 -0.743 -0.607 -1.292  -0.934
LT Services 0.085 -0.454 -0.382 -0.236 -0.405  -0.588
HT Services -0.052 -0.467 -0.603 -0.518 -0.894  -1.011

Tirs 0.727




Table A.6: Exogenous Death Rates Estimates xr, = xi + Xx

USA 0.026
China 0.022
Country FEurope 0.054
Component x; Asia/Oceania 0.021
Americas 0.027
ROW 0.020
Agriculture 0
Low Tech Man 0.005
Sector Med Tech Man 0.014

Component x, High Tech Man  0.002
Other Services 0.008
Hi Tech Services -0.001

Table A.7: Unemployment Utility by ; = b;

USA -14.4
China -12.7
Europe -7.1
Asia/Oceania  -8.5
Americas -8.6
ROW -14.9

Table A.8: Vacancy Posting Costs Estimates ~y ;

Sector | / Country — USA China Europe Asia/Oceania Americas ROW

Agriculture 0.539 0.450 0.451 0.664 0.451 0.452
LT Manuf. 0.632 0.810 0.681 0.865 0.809 0.583
MT Manuf. 0.472 0.615  0.549 0.660 0.540 0.447
HT Manuf. 0.698 0.984  0.821 0.922 1.076 0.830
LT Services 0.449 0.617  0.592 0.660 0.649 0.639

HT Services 0.511 0.674  0.672 0.840 0.872 0.813
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