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1 Calibration

1.1 Bilateral Trade Preference Weights

We calibrate the trade weights w{ using data on bilateral trade across U.S. states. Information
on bilateral trade in goods across U.S. states comes from the freight analysis framework, which
calculates trade in goods based on the commodity flow survey and other sources. Importantly, this
database also contains within-state trade. We first calculate state j’s share in total goods absorbed
by state ¢ to .
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i

Z]’ yi

where yg is trade from state j to state i as observed in the data. We adjust this parameter in a

wl =

second step because our data only provides an imperfect measure of yi . As a matter of fact, we
observe large net export positions, which we believe to be the product of either a small time frame
(data is only available at five-year intervals starting in 1997) or a lack of data on trade in services.

We decide to log-linearize our model around a steady state with zero net export positions for
every state. We choose our bilateral trade matrix @ to satisfy this condition and to look as “similar”

as possibile to the trade matrix implied by the data, w. In particular, we minimize
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subject to
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with & > 0. Our loss function specifies our idea of “similarity” between the two matrices. The
first constraint describes the relationship between the trade preference weight and net exports. The

second to fourth constraints are purely technical constraints on the parameters. In practice we set

= 0. This is a simple problem to solve. Let A\; and \; denote the Lagrange

multiplier on the first two constraints. We solve for these parameters using the two constraints and

'Notice that we require k > 0 because elements in cf); might be equal to 0.



setting the preference weights to
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2 Equilibrium Conditions

In the Technical Appendix, we allow for an intensive margin of labor supply. In particular, the
labor supplied by a member of household ¢ living in country j is denoted by l;t. Total labor supply

in country j is then:
14N = Zna i N (2.1)

where [;; is labor supply per capita in country j. Similarly, total labor supplied by household ¢ is
i = Z el
J

The utility function over consumption and labor is described by

where o is the intertemporal elasticity of substitution, v; is a household-specific utility weight, x;

is a disutility weight on labor and 7 is the Frisch elasticity of labor supply.

2.1 Household’s Budget Constraint

The household’s budget constraint is given by?
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2We ignore the quadratic penalty term on foreign bond holdings and the moving cost because they do not affect
the log-linearized equations and are zero in steady state.



Replacing T;; by the government’s budget constraint
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gives

i j i i i Bi =
N ZJ: S7Piangciy | +NigPiy(Xiw + Gig +bUiy) + N <(1 Fi)Su  Su )

= NZ Z Sf’tné’t (Wj}ftl;,t + T’I“;) + Ni,t—lKi,t—l (Rﬁtuw - Piyta(ui,t)> + Ni,tﬂi,t - Z NjnitTTZ.
J J

Replacing N; 1 P; (X ¢ + Git) + Nij 1K 11 P; ra(u; ) by the market clearing for the final good
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gives
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The profit term N;/II; ; consists of profits by monopolistically competitve producers of varieties,
NithZf’ ;» and profits by labor market firms (employment agencies and HR firms), Ni,tné,t- Profits

by variety producers are given by
Ni,tﬂzj‘it = pitNi 1 Qip — Wi{tNi,tLi,t - Ri’itui,tNi,t—lKi,t—l-

Employment agencies pay Wi’ftli,t to households, receive W; ;L;; from HR firms and P; ;b;U; ; from
the government. HR firms pay W;.L;; to employment agencies, pay a vacancy cost P;sV;; and
receive Wif L; from producing firms. Total profits of employment agencies and HR firms are there-
fore

L _ /S Wi}ftLi,t
Nielly, = WiNieLiy — <P Ni 1 Vig + bi PNy Uy p — ———



It follows that overall profits, N; ;II; ; = N; t]‘_‘[zt +N; tHZ 4o are

Nillie = piaNi 1 Qi — Ry yui tNip 1K1 — T ™ PN 1 Viy + b Py N Uy .
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Inserting this term into the budget constraint gives
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Re-arranging terms yields

. Bz i,
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The definition of consumption and the labor force are
CiaNig = Z ng,tCZtN
liNiy = Z ”ZtlftNJ

Substituting this in and re-arranging yields:
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The current account (LHS) equals net exports (1st row), net primary income from abroad (2nd
row) and current transfers (3rd row). Net exports is the value of total production less the value

of total domestic absorption. Net primary income is labor income earned abroad less labor income



earned at home by foreigners, minus consumption expenditure abroad less consumption expenditure
at home by foreigners. Current transfers consist of total government transfers received abroad less
government transfers paid out at home to foreigners.
In steady state, this equation becomes
N8~ 1) = Ni(piQi — PYD) + ; (SiniNTr — niN T
i

+ 7 (SimNWIE — N W) — [ 37 SiniN'Pic) - nNRC
JF J
Re-arranging yields:
N{(B = 1) = Ni(piQi = PY) + N'Y_ Simk (Trh = WL + Pyct) = S W] (7] = Wil — Pic]).
v j#i J#i

Since governments set transfers in steady state such that

Trl = Picl — Wl

7 7

we are left with ,
1

~ B
N'(B8 — 1); = N;(p:Q: — BY3).
1
That is, in steady state net primary income and current transfers cancel each other out and the
net foreign asset position is proportional to net exports. We start from a steady state with zero
net exports, i.e. the net foreign asset position is zero as well.
Log-linearizing the household’s budget constraint around a steady state with a zero net foreign

asset position (B* = 0 for all i) yields

1 A ~ T
N (ZABi_ | —AB) =N (VY — Q; [ 2% 1 G,
B Py

— Z néN"w?lé (”[17% + Z;t> — ngNjwlhlg (@Zt + l~ft>
| J#i

iNG A TN T
+ Y niNdE, —nINdE,
J#i

2.2 Steady State

To solve for the steady state, we proceed in three steps:

k

©, real price of the intermediate good,

1. We first solve for real prices (rental price of capital, r



%i) and shares in GDP (share of consumption expenditure in GDP, %, share of investment
in GDP, %, share of net exports in GDP, 1\({2)52 ). This requires data on relative country size

. . . . N;Y; . . . .
in terms of countries’ domestic absorption, 57, but it does not require separate information
14

on population, N; or domestic absorption per capita, Y;. In a standard international DSGE
model, only total country size matters, but not GDP per capita. Importantly, at this stage

we cannot and do not need to solve for the real wage wzf . The model only pins down wage
f

i

fr.
payments as a share of GDP, i.e. wisz, but not the real wage w

2. We next solve for the steady-state values related to migration (labor income of nationals,
wg”lj-, and consumption of nationals, cj-, for all locations j). Here, we require information
on population measured in terms of persons, N;, and the share of the labor force in total

population.

3. We then solve for the steady-state values related to the search and matching block. Here,
f

we require data on unemploment rates, ur;, to solve for employment and the real wage wy .
Given this real wage and unemployment benefits (as percent of GDP), b;, we can solve for all

remaining variables pertaining to the search and matching block.

2.2.1 DSGE block

We solve the model in a neighborhood of a non-stochastic steady state with zero inflation.
Because inflation is zero, the Euler equations associated with the noncontingent nominal bonds
imply that the nominal interest rate is 1 +i; = % for all 4. Next, we use the capital Euler equation

Mg ko, M

— =0 lwr; + 5 (1-=9)—a(u

F)i 6 () + PZ ( ) ( 1)
Note that the households’ first-order condition for investment implies that u; = P; because A =
A’ = 0 in steady state. Inserting this back into the entrepreneurs’ first-order condition for capital
and noting that a(u;) = 0 and u; = 1 gives

r’?:;—ué. (2.2)

1
Tthis equation determines the real rental price of capital rf in each country.
With zero inflation, the steady state price of intermediates is a constant markup over the

nominal marginal cost,

Wy - 1

This can be seen from the reset equation and the law of motion for the nominal price of the

Di MC;.

intermediate good.



Next, cost minimization of the first-stage producers implies
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We adjust the technology levels Z; so that all intermediate goods prices equal the price of the
respective final good: p; = P;. Notice that the real wage paid by the producing firms is given by

fo Ve 1pig L 9
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The price index formula for the final good states
1
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One can easily verify that P;.S; = 1 solves this equation, that is the real exchange rate s; = P;.S; is

unity.

We directly calibrate some steady-state variables to match their empirical counterparts. Those

are the shares of government purchases, G;, the relative country sizes, Eﬁ and the bilateral import

shares % We now derive the shares of the remaining variables, N X;, C; and X;, and later show that
these non-targeted shares implied by our model match their empirical counterparts quite closely.

To derive the share of net exports, we first use the demand equation for intermediate goods,

. . S‘p' —Yy
) = Vi | 2L
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It follows that o?g is country i’s import share of country j’s good, measured in terms of the privately-

produced good Y;:
. J
o= Y

7 sz :

The implied net export share can then be expressed in terms of country sizes and the import



preference parameters. Inserting the market clearing condition for ); into the definition of net
exports, NX; = p;Q; — P;Y;, we have

Notice that this also gives us

piQi 14 NX@"

(2.4)

To derive the share of investment, we insert the marginal product of capital equation, p;Q; =

w:fil %Ki, into the definition of net exports, NX; = p;Q; — B;Y;:

d)q Ri
—X; =FY;+NX;
wq—laé A iYi+ 7
=t = 1+ : (2.5)
Y, o ek PY;

where X; = 0 K.

Finally, the consumption share is the residual of the market clearing condition Y; = C; + X; +
Gi+<Vi:

Z=1-Z - -t (2.6)
To summarize, we solve for the steady state values as follows:

1. Calibrate the government expenditure shares % to the counterpart in the data.

2. Solve for the real rental price r¥ using equation (2.2).

3. Calibrate the import preference parameters w] using data on country j’s share of country
1’s imports, and calibrate the relative size of countries in terms of their domestic absorption,
N;Y;

N.Y, -

4. Solve for the net export share ]I\DfiX? using equation (2.3), the GDP share using equation (2.4),

(3

the investment share % using equation (2.5) and the consumption share % using equation
(2.6)



2.2.2 Migration

For the DSGE block, we only require data on a country’s total domestic absorption, N;Y;, as a
measure of an economy’s size. Given N,Y;, the values for population, N;, and domestic absorption
per capita, Y;, are irrelevant. This is no longer true if we allow for migration. For the migration
block, we require data on countries’ population, N;. Given values for N;, we immediately have

domestic absorption per capita, Y; from

Y =t (2.7)

This allows us to write all shares previously expressed in terms of domestic absorption, (2.6), (2.5),

(2.3) and (2.4) in absolute values. For instance, @;, is then calculated from equation (2.4) as

Qi
Qi = ?ZYz
Next, we solve for steady-state shares of migrants, nf , population size of nationals, N/, the
bilateral labor supply matrix, lf , and the bilateral consumption matrix, cZ .
The steady-state shares of migrants, nf , are determined by the equation governing the location

choice:

(e 15) = u(ch, ) + A5 = - (In(m}) + 1) = (e = whty —tri )iy = (e = wltf = tr}) wh

Notice that the terms related to migration costs are zero in steady state. Given our assumption on

how transfers t7“§ are set in steady state, we have

u(cé-, l;) — (e, 18) + Aé- = (ln(n;) +1).

==

y 5 are pinned down

by A; In practice, we adjust A;- to match bilateral stocks of migrants observed in the data.

Since steady-state values for ¢’ and l; are independent of Az-, migration shares n’

/L'.

%, we solve for the population size of nationals (household

Given the matrix of migration shares n

size), N/, from the linear equation system

N =) n/N. (2.8)
j

10



Consumption and labor supply. Given GHH preferences, labor supply in steady state satisfies

1
ki ()" =}
which implies that labor supply only depends on a household member’s current location, i.e. l;'» =

wh)”
J

Given values for the household wage, w;-l, and the disutility weight & ;, we could solve for /;. Here, we

l? = l;. We can therefore write

use a slightly different strategy and calibrate /; directly to the data. We then adjust x; accordingly.?

To solve for the consumption matrix, we make use of the Backus-Smith risk-sharing condition:

141 141
i () K i (&) i
€~ hj T
1+ 1+,
hy.
g Wil
J 1 t 1
1—&—” 1—1—77

Then, c; can be solved from the linear equation system

J

o wlMy —whl .
@M:§:¢<g—95+1 N, (2.9)
J n

Notice that we have solved for C; in equation (2.6) together with equation (2.7), N; is country i’s
population, given by the data, nf are migration shares given by the data, N7 is the size of household
j, given by (2.8), labor supply is calibrated to the data and the household wage is solved below
(see equation (2.13)).%

3We choose this strategy because there is little guidance on the actual value of x;. If the disutility on labor s
was the same across countries, our calibration would imply large differences in the labor force, [;, because countries
substantially differ in their real wage rates.

4With separable preferences, the risk-sharing condition

1 1
i A i o
Cj = \¢; 5
ensures that c; = c¢; = ¢’, independent of ;. We can solve for ¢/ using

J

11



To summarize, we solve for the steady state values as follows:
1. Calibrate population sizes N; to rewrite quantities in per capita terms (Y;, @i, ...)
2. Calibrate migrant shares nf and obtain the household size from (2.8)
3. Calibrate the size of the labor force (per capita), [;, and use lg =1

4. Solve for the consumption matrix cé from (2.9)

2.2.3 Search block

In this section, we solve for the real wage paid by the HR firm to the employment agency, w;,
the wage received by the household, wzh, and the values of a filled vacancy and of being employed,

Ji and &;. We solve for these values as functions of the real wage paid by the producing firm,
f

w; and the parameters of the model. The real wage paid by firms equals the marginal product of
labor:
f wq —-1Q;
w! = (1 —« —. 2.10
R (2.10)
Employment, L;, is calculated as
Li = li(l — ’LL’I"i), (2.11)

where [; is the labor force and ur; = % is the unemployment rate. We calibrate both the labor

force and the unemployment rate to the data.

From labor supply in steady state, we have

and

Combining, we obtain

Then, we can solve for [; using

12



The matching function, f; = %fl’, combined with the law of motion for employed workers,

L; = (1 — d)L; + M; and the equation describing the number of job hunters, H; = U; + dL; gives

dL; d
p— = 2.12
Ji Ui +dL; %5 +d’ (2.12)
where we used that % = urlé—i = 13721“ The equation describing the value of being employed is
given by
wl = wi — [1 - (1- B, (2.13)

where we can replace wzh by the free entry condition for employment agencies

£ — 1 }ifi (w? _ bi) 7

to get
fi
1= fi

To solve for w; as a function of parameters, we combine the wage bargaining equation,

1-(1—d)s+

}&:wi—bi.

oF = (1—0) (& —bi+ul),

with the free entry condition for employment agencies and the equation describing the value of a

filled vacancy

(2.14)

to obtain

4% wf_wi

1—pl—(1-d)B

&= (- ) (2.15)

Using this expression to replace &;, we obtain

1-(1-f)A-dp o
I-(1-d)p  1-0o "

where =, = Wﬁ‘ We calibrate b; using data on replacement values, rv; = % Given

13



rv;, the wage w; is given by

—_

= f

_ —w’. 2.16

Wi 14+ =5, —ry; Wi ( )

We can then directly solve for the value of a filled vacancy, J;, the value of being employed, &;
and the wage rate paid to the household, wzh.

Notice that if the bargaining power of the worker, ¢ goes to 1, we have =; — oo and the

steady state wage, w;, equals the marginal product of labor, w{ . If, in addition, the steady-state

unemployment rate goes to zero, ur; — 0, then, the probability to find a job goes to 1, f; — 1, the
f

value of being employed goes to 0, & — 0, so that w} = w; = w; .

To summarize, we solve for the steady state values as follows:

1. Solve for employment per capita, L;, from (2.11), using data on unemployment rates, the real

wage paid by producing firms, wlf, from (2.10) and the job finding rate, f;, from (2.12).

2. Solve for the real wage, w;, from (2.16), using data on replacement values, rv;. Solve for real

unemployment benefits, b; = i { .
wy

3. Solve for the value of a filled vacancy, J;, from (2.14), the value of being employed, &;, from
(2.15), and the the real wage received by households, w/, from (2.13)

i

14



2.3 Log-linearized Equilibrium Conditions

1. Marginal utility of consumption®

With separable preferences:

. 1.
~1 _ ~7
e = = 5%
with GHH preferences:
i \“O~i i~ . hyiji
—o (uiy) " = G — wilil,
2. Marginal rate of substitution
With separable preferences
. 1~ :
——~q ) ~1
My, = i = Uy
n
With GHH:
—_— ~,L'
mrs;, = ﬁlj’t
3. Risk sharing among household members (FOC c;- ‘)
7 Jo_ . -
Uy 4S; e = ULt for j#i
~q ~ ~ ~q . .
Uyt Sht — Sit = Uy jy for j#1i
4. Labor supply
i _ .k
mrsje = Wjg
—~—i _ ~h
mrs;,; =wj,
®> GHH preferences:
1—1
S 141 -
v (L) "

Sk

I

g
N

where we can replace r; (I%)

15



10.

. Definition of consumption

. Definition of the labor force

14Ny = Zn”lftNJ
- - N/ l S
(li,t + Ni,t) = Z N L -] (nit + lz]‘,t)
j AR

Capital Euler equation

_ 4E, { Lit+1 |:Ui,t+17‘£€,t+1 + ?”1 (1-0)—a (ui,t+1):| }

Pz Gy 41

»

57“572]?&1 = BAGp — Tip1 + Hit) _ B(1—9) Hit+l
7 Py P;iiq

. Price of capital

i 2
| _ i <1 A, - NuXie ) | BE, J MLt Hirst <Nz',t+1Xz‘,t+1) A
- B Y iyt 3 t+1 (0
Py Nip1Xie—1 " uj ;g P N;: Xt !

(1) = ) (e ) = (e # ) = (s + o)

. Law of motion for the capital stock

NitKit =Nip 1K1 (1—6) + [1 —-A (Mﬂ N;: Xy
Nit—1X5 -1

Kip = (1-90) (Nzt—l + K1 — Ni,t) +0Xiy
Optimal capital utilization

Tkt =a (Uz,t)

k=k _ o~
TZ' Ti,t — CL uzul7t
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11. Optimal factor employment

f
a Wiy wiNiy 1K

11—« Rﬁt Nt Ly
=k ~f _ N, L = K N,
Tig — Wiy = Nig + L — Ui — K501 — Njg1

12. Real marginal costs

-« a
e, - UEL ) oy ay

—~ — "’k? ~
MCip = —Zijt + or;, + (1- a)wzf,t

13. FOC wrt y/,

. . S - t Dit —y
.? — Y w,] s 75
yz,t Lt ¢ |:Si,t Pi,t

1 -] .
(?i)"‘sjt Si,t:¢< 1t+< Zw 51&)_%‘77,5) Vj
J Yy

14. Production of intermediate good

NitQit = Zig (witNip 1K —1)" (Nz‘tLit)lia
ta zt+a(uzt+Nzt 1+Kzt - N; )+(1—04)I~4i,t

15. Production of final good®

Yy
N 1 Yy—1\ ¥y—1
— J Y%y (,J Yy
Yie = Z (%,t) <yz,t
j=1
Y 1
Y., — | @ j —k_k
}/Zyt_zwz yz,t+¢ 1 8t_Z"‘)zet
i=1 Y
6Our calibration of the shares ! is @/ = f,%if, so that
Syl N N (o 1 ; k_k
v V=3 (@) () T (e g (e - D atkel
j=1 Tﬂy - &

can be simplified.
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16. Market clearing for intermediate goods”

N
Ni Qi = Z Nj.tYj.¢

7j=1

% (Ni,t+Qi,t) ﬁzf: f( gt"‘y]t)

17. Market clearing for final goods®

Ni 1K1

Yiie=Cit+ Xit+Gir+a(uiy) T + Vi
it
~ C; ~ X; G; K; 5 ~
Yie = Jci,t"i‘ let'i- Gzt-i-?" (1—7'K) uzt+ <fzt gz;t-f—Hz‘,t)
Y; Y; Y;

18. Domestic Euler equation
i uf i t41
il . t+1) b 1l
= (1+4;4) E n(s's) 3 D
t,t e i,t+1

, - i _j
BAG g — i1 = Uy 54 — Uy 4411

19. Phillips curve

—_—~—

Op (ﬁi,t + fOVTi,t> = (1-6,)(1 —6,) [”A”‘/Civt - <?i)

)

+ 0,5 <ﬁi,t+1 + ﬁi,t+1)

20. Definition of Terms of Trade

21. Monetary Policy

"Note that
- - N /N B )
Qi (Ni,t + th) = Z (N] y} (Nj,t + Z}h))
j=1
8Note that F
a(ul)fuirerlféfé

fitHit
gi,t

and is zero if u; = 1. Also: V;; = and a’(u;) = rf(l — TZK)
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e Floating exchange rate:
Ay = ¢ilNigi—1 + (1 — ¢;) (¢Q©i,t + ¢7r7~7z’,t)

e Fixed exchange rate:

— Leader n:

Rigy = ilhisgr + (1= ¢1) > weight; (6@ + 6x7is)

JjECU

where weight; is the share of (); in the gdp of the currency union.

— Follower j:
ASji = AS;;

22. Definition of change in nominal exchange rate

ASir = (8it — 8it—1) — Tig

)

23. International Euler equation

e Complete markets
Ui it = Sit

e Incomplete markets (Uncovered interest rate parity)

0=514

BY -~

, - - - , - ~ - 1 5

BAG ¢ — T 441 + Sit+1 — Sip = BAUL — T1p41 + 51,041 — S1¢ + L?Bu- for n>1
1

24. Budget constraint (for incomplete market case)

AB}
i_p
Yiq
i(Lapi i > Dit . ~
N'{ 5AB1 —AB; | =Ni | YiYiy — Qs + Qi
b Py
_ Z né‘Niw?l§ (ﬁ;’;t + l~§'¢> — ngNjwzhlg (fﬁi,t + Zz{t)
| jF#
+ [ mNGE, —n]N e, for i>1
| JF#i
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25. Location choice?

1 S . . b i N , b N
> () 1) = (e} 5) = wlel o o)+ A5 = [ (e = w005 ok o = (el =ity + 008 i
é't i \/ ; i ni t+1 ’ ; ro
- 7 ’ ( ;,t) + q);,t uzl,j,t + B ,j ( _27‘775_:'_1) ull,j,t—l-l for 4 ;ﬁ i
Njt—1 n;,
1 n For ~1 . .
~ul ;t w; lj Gzt zhl;wz}‘l,t - o [(1 + 5)”37 nj BTL] t+1] for i+#j
1,2

Znyt*
i=i
annj,t—o
J

26. Definition of population

27. Number of job hunters

Nz’,tHi,t =Nt 1Uip—1 +dNj 1L 1 + Nyl — Ny qli 41
[(1—d)ur; + d] it = unUlt 1+ d(1—ury) f/i,t_l + (Zi,t — l~i7t_1> + (1 —=d)(1 —ury) (Ni,t

9Log-linearizing yields
lw‘_ i igi o4 (4 i I i — et i Tl ot
Ny = \U1,5 — “1J CiCjt U2, — w uy g ) lge — (€5 — wily —try ) uy 50 5,0 + wiliul W5,
i 7 7~ 7 i h i 7 T ~1 hyi i ~h
- [(Uu - ul,i) CiCi¢ + (Uz,i - wz U«l z) U lz t ( —w;l; — tri) Uy UL 56 + Wy liul,iwi,t:|
i gl ~i ~i ~i
up ;P [(1 + B — N1 — ﬁnj,t+1]

The terms related to é;-’t and éﬁ,t drop out. Similarly, the terms related to l~;t and l~;t drop out because in steady

i
Y2,j

state, w;-l = — for all j. Given our assumption that governments set transfers so as to balance out labor income

1,5 ) .
and consumption expenditures in steady state, the terms related to @} ;; and i ; , drop out. Finally, notice that the
Backus-Smith condition among household members in steady state is simply uj ; = uj ; (since all real exchange rates
are set to 1 in steady state).
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. Labor market clearing

Uit =1liz— Liy

urilliy = iy — (1 —uri) Ly
. Law of motion for employed workers

NitLit =Ny 1Lip1 (1 —d) +N; ;M4
Lit =1 —=d)Liy1+dM;; — (1 —d) <Nz’,t — Nz’,t—l)

. Matching function

. Job finding rate

. Job filling rate

. Value of a posted vacancy

Vie = =S+ gitTi + (1 — git) BEVi i1
ViVis = gi (Ti — BVi) Gix + i TiTix + (1 — 6i)BViVigs1
AViy = 6iTiGis + 9:TiTix + (1 — gi) BAV 141

. Value of a filled vacancy

Tit = wit —wip+ (1 —d) BTi 41 + dBEV; 141
TiTii = w:fﬁ,{;t —wiiig + (1 — )BT Tisr1 + dABAV; 411
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35. Vacancy adjustment cost

3 2
Vit ug Vi
, / ,,t41 i,t+1 /
Vig=Tig+ T, —B— - ) Tiin
V;,t—l ul,i,t ‘/7j,t

%AVM =(1+5) (5\1',1& + ﬁi,t) - (S\i,t—l + ﬁi,t—l) - B (S\i,t-i-l + I:ILt-l-l)

36. Value of being employed

Eir = wig —wly + (1 —d) BE; 41

)

Ei€iy = wiiy — Wil + (1 — d) BEE; i

37. Free entry of employment agencies

fi,tgz',t =(1- fz‘,t) (th - bi)
fifiir=(1— fi)w?’[ﬁzt — (Wl = b + &) fis

38. Wage determination

0 w;p = 0"w; 1+ (1 —0%) [0Tie — (1 = 0) (Eip — Uiy)]
wai@i,t = ewwiai,t—l + (1 — (9111) [Q\%‘Zi — (1 — Q) (gz'gi,t + 'LU?'[DZJ}

39. Percentage point change in the unemployment rate
Auri,t = ur; (Uiﬂg - Zi,t) .

2.4 Combined Log-Linearized Equilibrium Conditions

We combine a few equations to reduce the number of equations and variables in the system.

2.4.1 DSGE block

We remove the following equations
e Marginal utility of consumption (1) (Cé‘,t)
e Marginal rate of substitution (2) (l;t)
e Risk sharing among household members (3) (“3‘7157 Jj#1)

e Labor supply (4) (mrsé‘,t>
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Optimal capital utilization (10) (u;¢)

FOC wrt y!, (13) (y},)

e Definition of Terms of Trade (20) (7'0T;+)

Definition of change in nominal exchange rate (22) (AS;;)

Definition of consumption (5) Combining the Risk sharing among household members (3)
ﬂ’i%t = ﬂﬁmt + St — Sit

with the Marginal utility of consumption (1)

~i
o it

7 —0 ~j i h7i
-0 (ul,j) Uy gt = J Jt = lw;l;, GHH

separable

and (for GHH preferences) with the Marginal rate of substitution (2)

1~
2

i
mrs it
n

gt =
plus the labor supply condition, (4) to replace ﬁz\fs;t = u?;-ft gives

Bt B — iy = —d
1,3t 75t nt — 0'

Gt separable

o (u’i’j)ia (ﬁii,t + 854 — §i7t) = c c nl t GHH

Inserting this into the Definition of consumption (5):

J
~ - N & s <“1,j) y L wl
(C’i,t + Ni7t> = Z —lénz ”g,t — 0707 (u]l’j’t + St — sj,t> + nlijw?t GHH
j i i

23



Definition of the labor force (6) Combining the marginal rate of substitution (2)

1~

1 i i
Mrs;, = Elj’t — Uy separable
__ 1
mrs;, = —l:, GHH
J7 77 ]7

with the labor supply condition, (4) to replace n%zt = zb;?’t and (for separable preferences) the
Risk sharing condition among household members (3) gives

P
Wi, = i, — Uy — Sje+ Sig separable

1.
) 77 )

Inserting this into the Definition of the labor force (6)

(Zi,t + Ni,t) = Z IIEJ?”{ (ﬁg,t + Zg,t)
J

gives
TR N hoai s s
(lz’,t + Ni,t) = Z ﬁinZ (”z‘,t +n <wi7t Uy — Sje+ si,t)) separable
. 1 Y1
J
- . N/ [
(lzt =+ Nz,t) = Z 77@”? (ng,t + nw; t) GHH
7 Y1
J

Optimal factor employment (11) Inserting the Optimal capital utilization (10)

k
Ty, = i gk
it = A
) a//Ui 2,

into the Optimal factor employment (11)

sk ~f N 7 > % N
Tig — Wiy = Nyp 4+ Lip — g — Kip1 — Ny

gives
k
ko N, L, — ik R N,
Tit wi,t - 2t ,t a//u'ri,t 7,t—1 i,t—1-
(2

)

Production of intermediate good (14) Inserting the Optimal capital utilization (10)

k
iy = A7
= \
T ety M

24



into the Production of intermediate good (14)
Qit=Zis + (ﬂi,t + N1+ K1 — Ni,t) +(1—a)liy

gives

k
~ ~ rYo ~ ~ ~ ~
Qi,t = Zm + « <a”lU'Tf’t + Ni,t—l + Ki,t—l — N¢7t> + (1 — a)Li7t.
i

Production of final good (15) Inserting the FOC wrt yit (13)

~j p
iy = zt+< E wf ) (( Jt>+53t 5t>
J7t

into the Production of final good (15)

gives

j=1 7j=1
N /Z')V N
_ it - . _ _
036t ((B2) +5e-50) = S (- St

Market clearing for intermediate good (16) Inserting the FOC wrt yf . (13)

s (o= Xatet) - ((32) + 5
k B

into the Market clearing for intermediate good (16)

N
Qi (% A N;Y; ~j
Y; (N” + Q“) =2 N;Y; = <N” + yﬂ%t)

j=1

s 5 N Ny o\
¥ e @) = 5 (e (4- et o (5) o5 )
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Market clearing for final good (17) Inserting the relationship between fi,t and g ¢,

- ¢ =
git = "7_¢ Cfi,ta
and the Optimal capital utilization (10)
k
- Ty Lk
u7/7t = //Z,ui rl’t

into the Market clearing condition for final goods (17):

~ Ci ~ X = G; o I . ~
Yvi,t:ﬁci,t"‘y it + Gzt-i-?“ Yuzt+ (flt gi,t+Hi,t)
(2 1
gives
2
~ Ci ~ X G; K; (rk) . SVi 1 - ~
Yie = ?ici,t + Y, X+ Y, —Gis+ Y a’juz iy + Y, icfi,t + Hiy -

Phillips curve (19) Inserting the Real marginal costs (12)
e s — — ok ik
meir = —Zigtar;; + (1- a)wi,t

and the Definition of Terms of Trade (20)

. Dit Dit—1
ToT; = =%) — (2=
o <Pz',t> (Pz‘,t1>

into the Phillips curve (19)

—_—

0 (Foa + ToT0a) = (1= 6,)(1 = 6,5) [ﬁct_(;;t)

+ 6,08 (fri,t+1 - ﬁi,t—&-l)
2,t

gives

0, (w—(i)) = 0-0)0-0,8) (~Zog + art + (1= ), )~1-03) (L ) 46,5 <”“+1+(]§’,fl>>'

Monetary policy (21) Inserting the Definition of change in nominal exchange rate (22)

ASir = (8it — 8it—1) — Tig
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into the monetary policy rule for followers under fixed exchange rates (21)
/ESj7t - /&TSZ‘J

gives

(8jt — 8jt—1) — Tjt = (Sig — Sig—1) — Tin

Budget constraint (24) Combining the marginal rate of substitution (2) with the labor supply
i
J
among household members (3) gives

condition, (4) to replace mrs;, = fu?ﬁt and (for separable preferences) the Risk sharing condition

iy =m ({Dﬁt +ay g+ 85— §i7t> separable

Similarly, combining the Risk sharing among household members (3) with the Marginal utility of
consumption (1) and (for GHH preferences) with the Marginal rate of substitution (2) plus the

%

labor supply condition, (4) to replace mrs;; = @;ft gives

j
¢;Ciy = 0c; (= — S+ 5i) separable
i i 7O (i sz i, h~h
cjcj,t = —0 (’LLLJ-) (ul,i,t + Sjt Szﬂf) + nljw] wj’t GHH.

Inserting this into the Budget constraint (24) (for ¢ > 1)

(1 , = Dit | ~
N (ZABi |, —AB) =N (VY. — Q; [ 2% 1 G,
B Py

- Zn;N’w?l; (@;ﬁt + ZN;t> — n{Njwlhlg <@Zt + lN‘Zt>
i

iNG A ING
+ E n;N'es sy — ny N cgc;t
JF

27



gives for separable preferences

N <;AB§—1 - ABZ») =N; (ijzt Qi <p” + ta)>

_ Z n;'-Niwg?lé (@ﬁt(l +1)+n (ﬂﬁm + 34— 5”))
| #i

+ [ niNw th( . +77)+n<u1]t+szt sjvt))
| 571

iNG 4 (i N z. z.
+ E an oc; ( Uy — Sjt+ szt) n; N 007 ( uljt Sit+ sjjt)
J#

and for GHH preferences

(1 . . o %, A
N¢ (BABZ1 - AB§> =N; (Y%Yz‘t Qi (p tt + Qi,t))

- Zn NOwl (L +m)af, — n]Nwlt] (1 +n)al,
| J#i

+ ZnéNZ (a (uij)_a (_ﬂii,t Sjt+8it) + nl]w ]t)
| J#1

. . —0 . .
j - < - h~h
_ Z LAY <a (u’“> (—u{m — St + sﬁ) + nllw; wm)

| J#i

2.4.2 Search block

We remove the following equations
e Labor market clearing (28) (U; )
e Matching function (30) (M;;)

e Job finding rate (31) (i)

e Job filling rate (32) (gi+)
Number of job hunters (27) Inserting the Labor market clearing condition (28)

urilliy = iy — (1 —uri) Ly
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into the Number of job hunters (27):
(1 — dyur; +d) Hyy = uriU; 41 +d (1 —ur;) Lig—1 + (iz’,t = Zi,t—l) +(1—-d)(1—ur;)) (Njy —Njpq)
gives

(1 —dyur; +d| Hiy = (d— 1) (1 —urg) Lig—1 + lig + (1 — d)(1 — ury) (Nig — Nig1).

Law of motion for employed workers (29) Inserting the Matching function (30)

My =Hit+ (1 —Q)N\ig

and the Job finding rate (31)
fig =1 = Nig

into the Law of motion for employed workers (29)
f/i,t =(1- d)f/i,t—l + d]\;.f@t —(1-4d) (Ni,t — Ni,t—l)

gives

Lit=(1—d)Liy1+d (ﬁi,t + fzt) - (1—-d) (Ni,t - Ni,tﬂ) :
Value of a posted vacancy (33) Combining the Job filling rate (32)
it = —Chig

with the Job finding rate (31)

fir = (1= OXiy
gives

. ¢ z

Git = 1 — sz,t
Inserting this into the Value of a posted vacancy (33)

AViy = 6iTiGis + 9:TiTix + (1 — g:) BAV 141

yields

AV = —gz’jilfcfi,t + 9iTiTix + (1 — ) BAV; 441
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Vacancy adjustment cost (35) Inserting the Job finding rate (31)
fir = (1 =i
into the Vacancy adjustment cost (35)

%AVT, =(1+0) (;\t + f{t> - (5\1&—1 + gt—l) -8 <5\t+1 + I:It+1)

gives
1

ridVe=(1+6) <1icft+ﬁt> - <1i<ft—1 +ﬁt—1> - B <1icft+1 +ﬁt+1>

Definition of unemployment rate (39) Inserting the Labor market clearing condition (28)

uri[j@t = l;-}t — (1 —ury)Liy
into the Percentage point change in the unemployment rate (39)

A’Ufl“i,t =ur; (0“ - l;"t)

gives
AUT‘Z‘J = (1 — UTZ') <l~i,t — Em)
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