A Theoretical Results

A.1 Proof of Proposition

Proof.
We have
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where pr; is common across j.

Consider a uniform foreign price change, where firm j’s import price changes to pr.. Then

firm j’s new cost function is
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Computing the change in the costs yields:
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For small changes, log-linearize equation (1)) around pp. = ¢; = @ = 1 and obtain

de; Total dw Total dpF
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This result can be obtained in a more general setting. Consider a constant returns to
scale production function. Denote firm j’s cost function to produce y units of output with

c({Prj}rez,, w,y). Taking the total derivatives of the cost function yields:

ac({pkj}kEZja w, y) 8C<{pkj}kezija?/) ac({pkj}keraway)

dy

de ; LW, Y) = dpr;+ dw
({pk]}kEZJ y) kezz apkj Pk Ow + ay
J
Dividing both sides with c({px; }rez,,w,y), we get:
dc({prjtrez, wyy) 9c({prjtrez; wy) dc({pr; trez, wyy)
de({prjtrez,, w.y) Y T dy DPkj Ty dpkj+ UJW dw

c({prjtrez, w,y)  clpritrez, w,y) y iz, CUpkitrez; w,y) ooy c({Prjtrez; w,y) w '
dc ; W, Jc j W,
By Shephard’s lemma, we also have % = 23;({Pwj trez,, w,y) and W =
J
Ci({Prj}rez;,w,y). In addition, from the constant returns to scale assumption, c({p; }rez,, W, y) =

yc({pwjtrez,,w,1). Rearrange and obtain:

dc({pkj}kezjawa 1) _ Z Sk.dpkj n sL~d—w Vy
C({pkj}kezj7w71) keZ; ’ Pk T

That is, if the production function is CRS, the percentage change in the unit cost equals a
weighted average of percentage change in factor prices, with a factor’s weight equal to the
expenditure share on the factor. We can then iterate forward to arrive at equation .

]

A.2 Firm-level cost changes under general foreign shocks

Here we derive expressions analogous to Proposition [I} but considering more general
foreign shocks. We consider import price changes that are heterogeneous across firms, {pr,},
and in addition consider firm-level changes in export demand, { ij . To compute the
changes in equilibrium variables given these shocks, we solve the system of equations by

following the steps below.

1. Guess w. Compute {¢;} from

&= (1= sEgel) @' + 1) 7
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where tp; is the obtained by solving the following system:
lpj = SFjﬁ}:;p + Z Sijt -
ic€zp

This is in contrast with the definition of 579, where the analogous system is 557" =
Total Total
Spj ot ZierD SijSEi -

2. Compute the following hat variables.

A pl—o sl—0o :
P = sl
i

. ~1—pap—1
Spi = W' P

~ o Al—p/\p—l . .
si;=2¢ " (if i € Zj),

where Z;r is defined for exporting firms.

3. Solve for {z;} from

':E’L 3

. TiF TiH -0 Do—1 wlL pr — 1y TB §ijxij N
T, = T ¢; °P —wW — T — — —— 7,
P ( i+ g BT | T ]'EZW i

4. Update the guess of w with

a SLi%i . .
w = E ) LSLixiv

;MW

and iterate from Step 1 until w converges.

A.3 Proof of Proposition

Proof.

From equation , we have the expression for the price index after the shock,

1

1—0o

P= (Z CHTa ")
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Combining this expression with the pre-shock price index P, we have

P |ﬁF< —

/—/—~ |

Plfa'

(Z sim (¢ 77) 1_g> =

i

_1
>, 87wt ‘”) =

where s;z denotes firm ¢’s share in final consumption. Combine with equation

and
obtain

Total T lﬁ};p AN

. ota ota .

— ZSZH ((1—5Fj ) + sk wlf’>

For small changes, first obtain the log-linearized change in the aggregate price index,
dP de;
S DI o

- Cc
j 7

Combine with equation and obtain

dw dP  (dw dpr.
w P

) S

Again, as in Proposition [T} the result for small changes holds more generally. Now con-
sider a constant returns to scale utility function and describe it as e({p;u }, U) = Ue({p;u}, 1).
That is, the minimized expenditure to achieve utility level U equals U times the minimized
expenditure to obtain an unit utility. Furthermore, with homothetic preferences, the ideal

price index P is the minimized cost of buying one unit of utility, i.e., P = e({p;u},1).
Take the total derivative of e({p;u},U) and obtain:

de({pjn}U) e({p;
oy P e U U

; e{pju},U) pju +e({ij},U) U
—_——

=1

de({pn},U)
e({pju},U)
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Then total differentiate Ue({p;n},1):

de({pn},U) dP _dU

epjut,U) P U’

de({p;n},U)
OpjH
and dropping %, the percentage change in the ideal price index for any level U is:

P dp,
== st
J

By Shephard’s Lemma, = zju({pju},U). Equating the previous two equations

pig

The percentage change in the real wage is thus:

dw dP B dw dpju

—_——— == SiH .
w P w — "/ D

As —(;pf = %, the rest of Proposition 2 follows.
J J

A.4 Proposition [I] and 2] under continuum of firms

Here we show that analogous results to Propositions [1] and [2 can be obtained under the
assumption of a continuum of firms. To represent a network of a continuum of firms, we use
a notation similar to Lim/ (2015). Denote m (x’, x) the probability a type—x firm sourcing
from a type—y’ firm. The key difference between the continuous network representation
from the model described in the main text is that the continuous network is characterized by
a probability measure that any two types of firms are matched, while the discrete network
features a finite number of possible linkages between firms taking values of either 0 (not
connected) or 1 (connected). y is a collection of firm characteristics which are all contin-
uous and have bounded support: {By (x),Br (X),ar (x),ar (x)}. g(X,x) measures the
efficiency of a match between a firm with type-y’ and a firm with type-x. In addition, v ()
is the probability density function of type-x firms. We assume that the functions m (-, -),
g (+,+), and v (x) are all continuous and have bounded supports.

We first list the key variables analogous to ones derived in the main text. The consumer

preference is:

o—1

U= (/ (B () a (x, H)= AV (X))
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The aggregate final consumer demand for a type—yx firm is:

o1 DX, H)™’

i B

q(x, H) = Bu (x)

The price index is represented by:

P77 = /@H )" p(x, H)' 7dV (x) .

Foreign sales takes the following form:

o1 POGF)”
g0 F)=8r (07" (Pl—zzEF'
F
The unit cost function for a type—yx firm:
1 o o - _ =
(0= (aL 00" W' +m (F x) ar (x)" 1p}.”+/m(x’,x)g(x’,x)” P ) AV (X’))

The sourcing capability of firm with type y:

O (x) = ar ()" w' P +m (F,x) ar (x)" " pp. "+ / m (Y, x) g (X x)" " p () AV (V) -

The share of variable cost of type—yx firm spent on type—y’ firm:

s (o) = ™) g )" ()
’ O (x)
Cost share spent on labor is:
ap (0w
Cost share spent on foreign inputs is:
ooy ) ar ()" pk
s (F) x) 10

The total foreign share becomes:

STotal (F, X) =g (F, X) + /STOtal (F, X’) S (X/a X) \% (X’) .

Now, Proposition [1] holds for a continuum of firms: Given fixed linkages between firms,
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Pr., 18

() IPr=((1 -

(x’,x), the change in firm j’s unit cost, ¢;|?# given a uniform change in foreign prices

Total (F X)) Al—p + STotal (F X) Al— p) 1/(1-p)
For a small percentage point change in the foreign price,
to firm j’s unit cost is

dpp.

PF

, the first-order approximation
de(x)

dw

Total

F -
(F:x) —

The proof largely follows the one for Proposition [I}

(e () )"

s (L, x)w' ”+S(F,X)ﬁ}m.p+/S(X’,X)ﬁ(x’,x)1pdV( )

( [sto0s@anar o+
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# (s + [swonsEav ()

[

0 [ SO (EX AV QY () )
(1 Total (F X)) ~1—p + sTotal (F X)
the change in the real wage

Proposition [2] also holds for a continuum of firms. Given fixed linkages between firms
, 5, due to an uniform change in foreign price, pg.,

w

P

o—1

= ([ st @0 ) av <x>)

[t (= s (mo) + st () 2

1
1= o1
D i
=) v
For a small change in the foreign price,
the real wage is

PF

~1—p

dw_dP _dv
w

, the first-order approximation to the change in
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A.5 Derivation of equation (21

Here we show that under perfect competition, the change in the real wage in equation

can be expressed as the product of Im{;grts and the change in terms of trade.

The change in the terms of trade can be written as the change in the average export
dej dpr.

price minus the change in the import price, Z s] Pt T where s;p is firm j’s share in

aggregate exports. Combining with equation , we have

PF. PF.

dw dpp.) Imports Total
— - E S F — S .
< w Pr. ! r )

Imports de;,  dpp. Imports To ay W o dpE. dpp.
T(stc—j——.> (ZF< ) )

Now consider the following identity under perfect competition:
Imports = Z (i1 + zjp) sE, (30)
J

where it says the total imports equal the sum of firms’ total input used for final output, that
is, sales to domestic consumers and foreign, multiplied by the total foreign input share of

the firm. Rearranging this equation yields the following:

Imports ZS SToml Exports Total
SH .

VA LR
J

Using the trade balance condition where Imports = Exports, we obtain
Imports
p Z SJF Sgg)tal Z s;H STotal.

Therefore, under perfect competition we have

dw dP dw dpp. Total
T C ) P

PF. S
dw dpF Imports Total
- (I - PF. ) VA I (1 o )
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A.6 Conditions under which the knowledge of the network struc-

ture becomes irrelevant

Here we outline conditions under which the knowledge of the network structure is unnec-
essary to compute the term » . s;p (1- sf;;t“l), in equation ([21]).

If we assume that there is no import content in the production of exports, then the total
foreign input share of firm j that export, sz7*, should be 0. Therefore Y. s;r (1 — sTgtal)
would simply be 1.

Alternatively, if we assume perfect competition and that there is import content being the

same in both exports and domestic final demand, then Zj SiF (1 — s},@?t"“l) can be expressed

as #f%. To see this, combine equation with the trade balance condition and obtain
Exports B Z Tig + TjF STOml
VA + Exports VA + Exports” ¥’

VA Exports
— Z ——————5ig Total + Z p __E R 'Fsg(;'tal-
- VA + Exports VA + Exports

From the assumption of import content being the same in both exports and domestic final

demand, s;z = s;r, we then have

EXpOI"tS Total
—_— = SipS
VA + Exports Z JESF]

which then yields
VA Total
VA + Exports Zj sip (1= s7™)

A.7 System of hat equations allowing for changes in wages

Here we describe the system of equations to solve for the changes in equilibrium variables
in general equilibrium given pr.. We also outline the firm-level cost changes and change in
real wage when foreign price goes to infinity and the economy goes into autarky. We do this
for three different models: the baseline model that utilizes the observed firm-to-firm linkages,
the roundabout production economy, and the sectoral roundabout production economy.

Throughout the three models, the labor market clearing condition and the household’s

budget constraint are the same. The labor market clearing condition is

wlL = Z isuxi,

53



where p; is the average firm-level markups that are constant, p; = c“_”;_. Household’s budget

constraint is

where T'B is the exogenous trade balance, TB =Y. xip — >, Tr;.

A.7.1 Baseline

Given a shock of pp., we solve the system of equations by following the steps below. In
the special case of autarky, pp. — oo, the firm-level cost changes are given by ¢; [PF- 7=

(1 . S}@?mz) 1/(1-p)

Using these firm-level cost changes one can proceed with the Steps 2 and 3 below by substi-

1
1—o\ 77
: tq W |Ppp.—oo__ . _ JTotal\1T—5 )7 !
, and the change in real wage is 3 | = <§ SiH (1 SH2 ) ’ .

tuting w with 1.
1. Guess w. Compute {¢;} from
& = (1= sy ' + 555 pp.”.
2. Compute the following hat variables.

~ Al—0 .
Plia = E SiHé,}io
i

. ~1—pap—1
3pi = W' P

~ _ Al—p/\p—l . .
85 =2¢; "¢f (if i € Zj),

where Z;p is defined for exporting firms.

3. Solve for {z;} from

. TiF . TiH A—0 o—1 wlL e — Loy, TB §iszj A
T; = T; ¢; °P —w — X — — E —;.
i " ‘ ( BT w EE * x;
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4. Update the guess of w with

b= g g

- Litq

~ jl;wL ’
T

and iterate from Step 1 until w converges.

A.7.2 Roundabout

For general shocks of pg., we solve the system of equations by following the steps below.

In the special case of autarky, the firm-level cost changes are given by solving the system

1—p
l1—0o
(& [P 7)1 = sp (Z sip (€ |pFHOO)1_U> T 5L

i

and the change in real wage is % [pre=oo= (Y sip (& PP —oo)l= J) =7 . Using these firm-level

cost changes one can proceed with the Steps 2 and 3 below by substituting w with 1.

1. Guess w. Compute {¢;} from

plr — 1=p Al Hlp
&P = sp PP+ spi' ™ + spipy

where P17 =" s;pél 7.

2. Compute the following hat variables.

ZEZF = él g (lf ]zF = 1)

3. Solve for {z;} from

N TiF XTiD .
Ti = Tip + TiD
Z; X
_ LiF Tip $ipk E TiD SiD ,
= Xir + S;pL + S;D E sD] a:]sDJa:]
Z; Xy Tip Ty TiD

. wL .—1lxz;,  TB
E ww+2“ T - =
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Combined, the above two equation can be expressed as

. Tip SiD . . SiD . -1 r ..
€T; = FZ‘Z-F—F DSZ'D (wLw—TB)+ DSl‘D (Z Iu],u, J,’jl’j—FZSDjN—J}jSDjJ}j) .
. A j

ZT; ZT; xZ; P j F

4. Update the guess of w with

b= g
- Litq
piw L ’

%

and iterate from Step 1 until w converges.

A.7.3 Sectoral roundabout

Consider firm ¢ in sector v, firm j in sector u. Let the price index of sector v be P,.
Ziev TiH
2ok ThH
the share of sector v goods in the domestic intermediate input bundle for sector u as v,, =

Dicw 2jcu Tig
zk Zjeu Thj
For general shocks of pg., we solve the system of equations by following the steps below.

We calculate the share of sector u goods in household consumption as v,z = and

In the special case of autarky, the firm-level cost changes are given by solving the system

1-p
A You(j
(&) PP = sp, (H (Pv |PF4—>00> (n) s

N 1-0o
<Pv(i) ’pp—>oo> _ Zsiv(i) (éz |pFA—>oo)1fcr7

1€V

“ ~ A~ —YvH
and the change in real wage is % [pr=o= 1, (Pv |pF'H°°> . Using these firm-level cost

changes one can proceed with the Steps 2 and 3 below by substituting w with 1.

1. Guess w. Compute {¢;} from
1-p
~l—p _ D Yvu(j) ~Al— Al—p
¢ = =3SDj (H Py ) + 500 " + spipp.”,
v

pl—o __ ~l—0o : -y :
where Pv(i) = D ico Siv@C; - Siv) is computed as firm i’s share of domestic sales

among other firms in the same sector.
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2. Compute the following hat variables.

3. Solve for {z;} from

LiF . TiD
b= —Lip + —2dip
Tip . Siv(i) Yo(i)H E
= z, Tip + ZE— ()E + — Sw( Sw() (Z;SD]’Y’U (Du(f SDJ‘T]>
u  jEu
. i — 1 xl 4 TB
E= Ti— ]
AP D 5

which can be summarized as

iF . Siv(i)Siv(i) Yoli o -1
fvi:xeiF+ (@) St @) Ve H (wLw—TB+ZM] xjxj)

T Ty 7 j

Sw( Sw( <Z Z 8 D3 Vo(iyu(j) SD].I]) '

U JEu

4. Update the guess of w with

N SLili .~ .

w = E S1iTl;
~ piwL ’
7

and iterate from Step 1 until w converges.
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A.8 System of equations under small changes of pp.

A.8.1 Baseline

Under the baseline case where we take the observed Belgian firm-to-firm trade data, the

change in real wage given % is expressed as follows (Lemma :

dw dP dw dpp. Total
b ()

J

The term . s; HSTOW corresponds to the import content in domestic final demand (ICD),

and analogously, import content in exports (ICE) is Y. s;rs15"“" where s;p = s We
G Si

obtain the system of equations that determines %” by log-linearizing the system described

in Section [AL7.1]

1. Guess %”. Compute {dc%} from

de; Totaty W Tota APF-
_J — 1 ota. _"_ ota .
¢ ( SFj ) w SFj Dr.
2. Compute the following variables.
dz; de;
TiF . (1 _ 0’) C;
TiF Ci
dP
St
dsy; dw de;
—(1—p)— I
poaial U Rl )
ds; de; de;
=(1—-p)— -1 =
o (L=p) =+ p=1) Cj

3. Solve for {%} from

dz; x;rpdx; T de; dP Tig WL dw 93, — 1z, dx
_Lir OTiF | H(l_o_)( )+H H Fk Ly Alg

€Z; T; Tip €T; C; P ZT; Hj E T
Tij ds;; dxj
Py W (),
x‘.
JEW; T Sij J
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4. Update the guess of %" with

Sril; dSi d‘T,L
e (),
/%UJL ; T

SLi

ldw

and iterate from Step 1 until <> converges.

A.8.2 Roundabout

Under the roundabout production model, the production functions are

1—p _ ,p—1 p—1pl—p p—1_1—p p—1_1—p
= ¢} (osz PP+ olp; pp” +ap; w )

l—0 __ o—1,1—0c 1—0
P *E 1T

J

By log-linearizing the system by considering small changes, one obtains:

de; dpP dpr. dw
—] = Spj + SFj pp; + SLj?
dP d

- stﬁ

Rearranging yields the change in real wage given %":

dw dP (d_w _dpF.> 2 SiDSFj

w P w DF. l—zj SipSDj

The import content in domestic final demand (ICD) in this model is %, and the im-
5 53 J

port content in exports (ICE) is 3, s;r (sr; + sp;ICD). We obtain the system of equations

that determines 9% .~ by log-linearizing the system described in Sectlon -

1. Guess %” Compute { - } from

dcj dP dw dpp.

=Spj— +SLj— + Sp;—.
c; P w DE.

dc;

where T = Zj SjD?-
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2. Compute the following variables.

dz; de; .

= (=) (i T = 1)
dsp; d de;
L= p) st =)
S 1-p) G-
iifz(a—l)%%—(l—a)dc—cj

3. Solve for {%} from

k3

d % i d A d A d A
T :l'F IL‘F+ L—w+SD<E+ZSDJI]> SiD
Z; T; Zir Z; w T ; K SiD
SiD pi—1 dxj xj dw;
SD
2 (5t i)
SiD x] dSD]
SDij .
<Z J/fbj SDJ )

4. Update the guess of %” with

Zsmxz dsy; dwi
N piwL x; )’

SLi

and iterate from Step 1 untll & converges

A.8.3 Sectoral roundabout

Log-linearizing the system of equations for firm-level cost changes yields:

dc dp dw
= °Dj Z %u(a + SFap—FF TS
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Rearranging and solving the system of equations below yields the change in sectoral goods’

prices, d]f v and thus the change in real wage given dp I

dpP, dP, dPr. dw
P = Zsiv(i) (SDizu:’yuv(i) P, + SFi P + 5Li?>

v .
1€V

W 4P _aw o dp,
w P w %HPU'

v

The import content in domestic goods at the sector level, IC,, and the import content in

domestic final demand, ICD, can be obtained by solving the following:

IC = Z SFZSW( + Z Yuw Z SDzsw(

1€V 1€V

ICD = 7ulC,.

The import content in exports is computed by:

ICE = Z SiF <5F73 + Spi Z %v(i)ICu> :

i

We obtain the system of equations that determines 4% -~ by log-linearizing the system described

in Section [A.7.3
1. Guess %”. Compute {dcﬁ} from
J

dpp. dw
= Spj Z %u(g + SFj pFF + SLi Ty

dP Zsm dg‘

Z
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2. Compute the following variables.

P
dspi _w B dcZ
SLi B
dsw( ) dCZ _
Siv(i) 'U('L
doir _ g _ o)~ d (f Lp = 1)
TiF
dSDj . v dC]
SD; - (Z You(5) 05 P ¢; ) .

3. Solve for {d;’} from

dz; x;p d$iF Sw( dSw(z’)
v

Z; Ty i v jeu

Siv(i) Yo(i)H pi—1 1 da:J
L ( ?

L

8w<> zj (dsp; | dw;
(zzsm oo (2 an)),

U JEU ]

4. Update the guess of %" with

Zsmmz dsr; dqzi
N piwL x; )’

SLi

and iterate from Step 1 until %” converges.

A.9 Real income changes

Here we present the expression for the change in real income. Across the three models, the

change in real income can be expressed in terms of the change variables that are computed

from the system of equations in Appendix [A.7}

E L =1l TB\ -
F:<w—w+ a x—g;——) P (31)
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We then present the expression for the first-order approximated change in real income. Across
the three models, the log-change in real income can be expressed in terms of the log-change

variables that are computed from the system of equations in Appendix [A.§}

= e O (32)

@_g dew Z,uk—la:kdxk dP
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B Numerical example

Here we demonstrate that economies with identical sets of aggregate exports, aggre-
gate imports, aggregate gross production and GDP, but with different firm-to-firm network
structures, can potentially generate different import content in domestic final demand. We
consider two economies with both consisting of three firms. Table [§| lays out the details
of the two economies. In the two economies, firm-level imports, exports, gross production,
domestic sales, labor costs, and value added are the same. The only difference between the
two economies are how firms allocate their domestic sales to sales to households or to sales
to other firms. In Table [§ the first seven rows are identical across the two economies, but

the entries for Firm-to-firm sales and sales to households differ.

Table 8: Two economies

Economy 1 Economy 2
Firm 1 Firm 2 Firm 3 Firm 1  Firm 2 Firm 3
Imports 100 0 0 100 0 0
Exports 0 0 100 0 0 100
Gross production 200 200 200 200 200 200
Domestic Sales 200 200 100 200 200 100
Labor cost 50 100 50 50 100 50
Domestic purchases 0 50 100 0 50 100
Profits 50 50 50 50 20 50
Firm-to-firm sales 12 =50 @3 =50 t23 =100 75 =50
r13 = 50
Sales to households 100 150 100 200 100 50

Now let us compute the direct and total shares of foreign inputs, as well as the firms’
shares in household consumption. Table [9] summarizes the firms’ shares. Firms’ direct
shares of foreign inputs are the same across the two economies, as firm-level imports and
total inputs are the same. But because the firm-to-firm sales structure is not the same in the
two economies, the total shares of foreign inputs and firms’ shares in household consumption
are different.
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Table 9: Direct and total shares of foreign inputs, and shares in household consumption

Economy 1 Economy 2
Firm 1 Firm 2 Firm 3 Firm 1 Firm 2 Firm 3
Spi 2/3 0 0 2/3 0 0
shotal 2/3 2/9 2/27 2/3 0 0
SiH 2/7 2/7 3/7 4/7 1/7 2/7

Next, we compute the import content in domestic final demand in the two economies,
> sinspet. In economy 1, the import content in domestic final demand is 6/21, while in
economy 2 it is 8/21. Because there is no leakage of imports in economy 2 to Foreign, the
import content in domestic final demand is about 10 percentage points higher in economy 2.

We can also easily calculate what that implies for the real wage change of going to

autarky. Under p =2 and o =4,

W s
.—00 Total
2 e = ( E SiH (1 — Sy

%

)1—70 o 0.79 if economy 1
0.77 if economy 2

Hence, as expected, the real wage changes are larger in economy 2.
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C Data Appendix

C.1 Grouping VAT-identifiers into firms

As mentioned in the main text, all our datasets are recorded at the VAT-identifier level.
We utilize ownership filings in the annual accounts and information from the Balance of
Payments survey in order to aggregate multiple VAT-identifiers into firms. In the ownership
filings, each enterprise reports a list of all other enterprises of which it has an ownership
share of at least 10% and the value of the share. In the Balance of Payments survey,
Belgian enterprises with international financial linkages have to report their stock and flows
of financial links. They have to report both the international participation they own and the
foreign owners of financial participation in their capital if the participation represents at least
10% of the capital. The survey is designed to cover the population of Belgian enterprises
involved in international financial transactions.

We group all VAT-identifiers into firms if they are linked with more than or equal to 50%
of ownership. In addition, we group all VAT-identifiers into firms if they share the same
foreign parent firm that holds more than or equal to 50% of their shares. We use a “fuzzy
string matching” method to determine whether they share the same foreign parent firm, by
obtaining similarity measures of all possible pairs of foreign firms’ names. Lastly, in order
to correct for misreportings, we also add links to the VAT-identifier pairs if the two were
linked one year before and one year after. We define a firm as the group of VAT-identifiers
that are directly and indirectly linked.

Given these groupings of VAT-identifiers, we then choose the “most representative” VAT-
identifier for each firm. We use this “head VAT-identifier” as the identifier of the firm [*]
Then, in order to make the identifiers consistent over time, we make the following adjustment:
We take firms whose head VAT-identifier was not an identifier of any firm in the previous
year. For such firms, if there exists a VAT-identifier within the firm which was a head
VAT-identifier in the previous year, then we switch the firm identifier to that former head
VAT-identifier 7

Having determined the head VAT-identifier for each firm with multiple VAT-identifiers,
we aggregate all the variables up to the firm level. For variables such as total sales and

inputs, we adjust the aggregated variables with the amount of B2B trade that occurred

44The criteria for determining the head VAT-identifier is as follows: (i) If there is only one VAT-identifier
in the firm that filed all the full annual accounts, the VAT declarations, and the B2B filings, then this
VAT-identifier is chosen as the head. (ii) If there are no such VAT-identifiers or multiple of them, then we
choose the VAT-identifier that has the largest total assets reported. (iii) If there are no VAT-identifier that
filed the annual accounts, then we choose the VAT-identifier that has the largest amount of total inputs,
which is the sum of labor costs, B2B inputs, and imports.

451f there are multiple such VAT-identifier, then we choose the “most representative” VAT-identifier, using
the same criteria as above.
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within the firm, correcting for double counting. For other non-numeric variables such as
firms’ primary sector, we take the value of its head VAT-identifier.

The number of VAT-identifiers for firms with multiple VAT-identifiers are shown in Table
10

Table 10: Number of VAT-identifier in firms with multiple VAT-identifiers

Mean 10% 25% 50% 75% 90% max
Num. VAT-identifier 3 2 2 2 3 5 372

C.2 Firm selection

Table [11] displays the same numbers for Table [1 with statistics for all Belgian firms
added.

Table 11: Coverage of all Belgian firms and selected sample

Vear All Belgian Firms Selected sample

Count V.A. Sales Imports Exports Count V.A. Sales Imports Exports
2002 714,469 226 812 204 217 88,301 231 604 175 185
2007 782,006 315 1080 294 282 95,941 299 782 277 265
2012 860,373 322 1244 320 317 98,745 356 874 292 292

Notes: All numbers except for Count are denominated in billion Euro in current prices. Firms’ value added
in the selected sample is computed as their sales minus imports and their purchases from other Belgian firms

that are in the selected sample. Firms’ value added for all Belgian firms is computed as their sales minus

imports and their purchases from all other Belgian firms.

C.3 Definition of variables

We describe how we compute each variable that we use in the analyses in the paper.
Firms’ variable inputs consist of their labor costs reported in the annual accounts, their
imports reported in the international trade dataset, and the goods purchased from other
Belgian firms that are reported in the B2B dataset. Note that we do not include goods
purchased from firms that do not meet the sample selection criteria. Firms’ sales consist
of their sales to other Belgian firms that meet the sample selection criteria, their exports
reported in the international trade dataset, and their sales to domestic final demand. A
firm’s sales to domestic final demand is computed as the residual of the firm’s total turnover
reported in the annual accounts, after subtracting B2B sales and exports. This procedure
counts firms’ sales to other firms that do not meet the sample selection criteria as part of

sales to domestic final demand.
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C.4 Sectoral composition

Table [12| shows the sectoral composition of our selected sample. Values for value added

and output are in billion Euro.

Table 12: Sectoral composition in 2012

Sector Count V.A. Output Imports Exports
Agriculture and Mining 2,805 28.5 49.4 16.9 10.9
Manufacturing 16,577 138 272 146 193
Utility and Construction 20,421 23.3 77.0 27.8 17.5
Wholesale and Retail 31,117 87.8 241 84.1 53.4
Service 27,825 79.1 127 17.6 16.9
Total 98,745 356 874 292 292

Notes: Agriculture and Mining corresponds to NACE 2-digit codes 01 to 09, Manufacturing corresponds to
NACE 2-digit codes 10 to 33, Utility and Construction corresponds to NACE 2-digit codes 35 to 43, Whole-
sale and Retail corresponds to NACE 2-digit codes 45 to 47, and Service corresponds to NACE 2-digit codes
49 to 63, 68 to 82, and 94 to 96.

C.5 Reporting thresholds of the international trade dataset

There are different reporting thresholds for the international trade dataset, depending
on if the trade occurred with an extra-EU country or within the EU. The dataset covers all
extra-EU exports and imports by firms with values higher than 1,000 Euro or with weights
bigger than 1,000kg. Nevertheless, we also observe values less than 1,000 Euro as more firms
use electronic reporting procedures. For intra-EU trade prior to 2006, the dataset covers
all exports and imports by firms whose combined imports from intra-EU countries that are
more than 250,000 Euro a year. For intra-EU trade from 2006 onward, the thresholds for
exports and imports changed to 1,000,000 Euro and 400,000 Euro, respectively. Import
reporting thresholds became 700,000 Euro per year in 2010. While these reporting threshold
for intra-EU trade imply we miss some trade transaction, they are set to capture at least 93%
of aggregate Belgian trade in the micro-data, hence our data still contains the overwhelming

majority of the value of Belgian trade.

C.6 Mapping CN codes into NACE codes

Our international trade dataset records products in Combined Nomenclature (CN) codes,
up to 8 digits. On the other hand, all other datasets that we use record the enterprise’s

primary sector in NACE Rev.2 code. To concord the two classifications, we convert the CN
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8 digit codes into NACE Rev.2 codes. As the first 6 digits of CN codes are identical to the
contemporary Harmonized System (HS) codes, we first convert those HS 6-digit codes to
Classification of Products by Activity (CPA) codes. We then convert CPA codes to NACE
codes, using the fact that CPA 2008 codes are identical to NACE Rev.2 codes up to 4 digits.
This conversion allows us to convert more than 98% of all international trade recorded in

our dataset, in terms of values (in 2012).
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D Descriptive statistics

D.1 Taking into account capital usage

In Figure |8| we show figures analogous to Figures and [2a] but taking into account
firms’ capital usage. Following Dhyne, Petrin, Smeets, and Warzynski (2017)), we set the
yearly depreciation rate as 8% and set the interest rate as the long-term interest rate in
Belgium. We compute the capital rental costs using fixed tangible assets reported in the

annual accounts.

Figure 8: Figures |laj and [2al with capital usage
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D.2 Direct and Total foreign input shares

In Figure [J] we present the histograms of both the direct and total foreign input shares,

for each major sector. We also summarize statistics on these distributions in Table

Figure 9: Histograms of direct and total foreign input share by firms’ sector
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Notes: The black dot indicates the ending of the bar for the total foreign input share. Total foreign input
share of firm 4, 9% is calculated by solving sLo' = sp; + > ez, sjisg‘]?t“l where sp; is i’s direct foreign
input share, and s;; is j’s share among ¢’s inputs. The horizontal lines represent scale breaks on the vertical

axis.
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Table 13: Distribution of direct and total foreign input share by firms’ sector

Sector Direct Total
Mean Weighted Mean Median Mean Weighted Mean Median

Agriculture and Mining  0.05 0.70 0 0.46 0.85 0.45
Manufacturing 0.12 0.59 0 0.44 0.75 0.42
Utility and Construction  0.02 0.31 0 0.39 0.59 0.39
Wholesale and Retail 0.12 0.43 0 0.52 0.75 0.55
Service 0.01 0.19 0 0.25 0.41 0.24
Total 0.07 0.45 0 0.40 0.68 0.39

Notes: The numbers for the weighted mean are calculated using total input purchases of firms as the weights.

D.3 Total exposures to foreign trade when excluding wholesale

and retail sectors

Figure plots the distribution of total foreign input shares for firms outside the whole-
sale and retail sectors, where the total foreign input shares are computed by setting direct
foreign input shares for firms in wholesale and retail sectors as 0. 15% of firms outside the
wholesale and retail sectors were importers. Analogously, Figure[I0Db] plots the distribution of
total export shares for firms outside the wholesale and retail sectors, where the total export
shares are computed by setting direct export shares for firms in wholesale and retail sectors

as 0. 10% of firms outside the wholesale and retail sectors were exporters.
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Figure 10: Histograms of total exposures to foreign trade, when excluding direct imports
and exports by wholesale and retail sectors
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Notes: The histograms plot the total foreign input shares and total export shares for firms not in the

wholesale or retail sectors. Total foreign input share of firm i, sL2%! is calculated by solving sLotal =
Total PN . . . A by .
Sr; + Zje 7, SjiSF; where sp; is i’s direct foreign input share, and s;; is j’s share among ¢’s inputs. sp;

for firms in wholesale and retail sectors are set to be 0. Total export share firm i, rlTlﬁt“l is calculated by
solving rﬁ,ﬁ’t“l =rirp+, jews rijr}-}?t“l where 7;r is i’s share of exports in its revenue, and r;; is share of 7’s

revenue that arises from sales to firm j. 7;r for firms in wholesale and retail sectors are set to be 0.
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D.4 Direct and Total export share

In Figure [11] we present the histograms of both the direct and total foreign input shares,

for each major sector. We also summarize statistics on these distributions in Table [14]

Figure 11: Histograms of direct and total export share by firms’ sector
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where r;p is i’s share of exports in its revenue,

and r;; is share of ¢’s revenue that arises from sales to firm j. Wj is the set of customers of . The horizontal

lines represent scale breaks on the vertical axis.
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Table 14: Distribution of direct and total export share by firms’ sector

Direct Total

Sector Mean Weighted Mean Median Mean Weighted Mean Median
Agriculture and Mining  0.05 0.22 0 0.24 0.30 0.11
Manufacturing 0.11 0.56 0 0.23 0.62 0.07
Utility and Construction  0.01 0.19 0 0.06 0.25 0.01
Wholesale and Retail 0.04 0.21 0 0.09 0.26 0.01
Service 0.01 0.13 0 0.07 0.23 0.01
Total 0.04 0.33 0 0.11 0.40 0.02

Notes: The numbers for the weighted mean are calculated using total sales of firms as the weights.

D.5 Import content in domestic final demand and import content

in exports

As explained in Appendix [A.8.1] we define the import content in domestic final demand

(ICD) as 3, sjmsp ™ as , and analogously, import content in exports (ICE) as 3 sjpsp7™
where s;p = ZIJ: —. Table |15 reports the two numbers across broad sectors.

)

Table 15: ICD and ICE across sectors

Sector ICD ICE
Agriculture and Mining  0.068 0.033
Manufacturing 0.158 0.522

Utility and Construction 0.059 0.052
Wholesale and Retail ~ 0.237 0.155

Service 0.062 0.038
Total 0.584 0.800
D.6 Histogram of & |Pr=11
w

Figure [12] plots histograms of firm-level cost changes relative to the change in nominal

wage, <, under 10% increase in the foreign price.
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Figure 12: Histograms of firm-level cost changes relative to change in nominal wage
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D.7 Histogram of dc—c

Figure [13| plots the first-order approximated cost increases at the firm-level, upon a 10%
increase in the foreign input price. Figure shows the firm-level cost changes in equation
from Proposition , and Figure plots dc—cl in which total foreign input share, sz5",
is substituted to direct foreign input share, sp;.

Figure 13: Histograms of firm-level cost changes (First-order approximation)
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D.8 Decomposition of real wage change

Table shows the numbers analogous to those of Table [2| but in first-order approxi-
mations. Under a first-order approximation (see equation (20))), we can also decompose the
log-change in the real wage upon a 10% increase in the foreign price into two multiplicative
terms: the log-change in the domestic nominal wage and the foreign price as well as the level
of import content in domestic final demand, 37 s;m535". Table |17/ shows that the import
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content in domestic final demand is about 2 percentage points higher in the two alternative
models. In the data, firms with higher export intensities tend to have higher input shares
on foreign inputs. Our baseline case is able to capture this heterogeneity, while the two
alternative models cannot. This difference results in the alternative models predicting larger

import content in domestic final demand.

Table 16: Log-changes in real wage upon 10% increase in foreign price, direct and indirect
effects

Total Direct Indirect
dw _dP 0069 -0.038 -0.031

w P

Notes: The number for Direct is computed by replacing s??t“l in equation with the direct foreign input

share, spj. The number for Indirect is computed by replacing s%?ml in equation with the indirect foreign
Total __ dw

input share, sp srj. The nominal wage change <* is the same across the three columns and computed

according to Appendix

Table 17: Log-changes in real wage upon 10% increase in foreign price, decomposition using
equation ([20))

Baseline Simple Roundabout Sectoral Roundabout

dw _ e -0.118 -0.112 -0.130
>, s 0.584 0.609 0.607
Qo df (o Be) 5 gstael 0,069 -0.068 -0.079

D.9 Back-of-the-envelope calculations of the changes in real wage

In Table [18] we present the first-order approximated changes in real wage that are com-
puted from the back-of-the-envelope calculations motivated by Hulten| (1978]). Notice that

all calculations lead to noisy estimates compared to the baseline result in Table
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Table 18: Back-of-the-envelope calculations of the changes in real wage, upon 10% increase
in foreign price

. Same import content
No import content )
in exports and

in exports )
domestic final demand
(1) —der. — 01 _der. — 01
Impﬁfﬁs Impﬁffs
(2) VA - 0817 m - 0449
dw _ dP -0.082 -0.045

w P

Notes: The third row is computed as (1) x (2). The first column computes the real wage change under as-
sumptions of perfect competition and no import content being in the production of exports. The second col-
umn computes the real wage change under assumptions of perfect competition and same import contents in

both exports and domestic final demand. Both calculations in the two columns also assume no change in the

nominal wage, %ﬂ =0.

D.10 Real wage changes across sectors

Here we investigate how final good prices (weighted by household expenditure on these
goods) change across broad sectors in the economy. Table reports the increase in the price
index, dTP, upon a 10% increase in the foreign price. We take the additive decomposition

coming from the first-order approximation of the price index changes in equation ([20)).

Table 19: Log-changes in price index across sectors

Sector %
Agriculture and Mining  0.007
Manufacturing 0.014

Utility and Construction 0.005
Wholesale and Retail — 0.022
Service 0.004

Total 0.051

D.11 Changes in real income

Analogous to Table [3, in Table 20| we report the change in real income across the three
models both upon 10% increase in the foreign price and upon autarky. In addition, analogous
to Table [17], in Table 21 we decompose the change in real income. Rearranging equation
([32), the log-change in real income can be decomposed into four additive terms: (1) the term
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that arises from the change in nominal wage, (2) the term arising from the changes in firms’
profits from their domestic sales, (3) the term arising from the changes in firms’ profits from

their exports, and (4) the term coming from the change in the price index.

%_% %_w Zuk—lngdka Zﬂk_lmngxkF_g‘ (33)
NN H kD ST Mk e L
=0.28 (1) ~~ T 4)

(2) 3)

Table 20: Changes in real income

(a) Changes in real income upon 10% increase in foreign price

Baseline Simple Roundabout Sectoral Roundabout

Epr=11 0883 0.878 0.887

(b) Changes in real income upon autarky

Baseline Simple Roundabout Sectoral Roundabout

% Pr=e0().374 0.390 0.291

Table 21: Log-changes in real income upon 10% increase in foreign price

Baseline Simple Roundabout Sectoral Roundabout

(1) -0.018 -0.012 -0.030
(2) -0.040 -0.042 -0.036
(3) -0.043 -0.044 -0.040
(4) 0.051 0.056 0.049
&4t 0139 -0.145 -0.133

Notes: The fourth row is computed as 0.28 x (1) + (2) + (3) — (4) in equation (33), where 0.28 is the laborcost
to income ratio in the data. Note that labor is the only primary input our model, and all other primary

inputs such as capital enter this calculation as part of profits.

D.12 Sensitivity results under exogenous network

Table reports the sensitivity results on ¢; and % under different values of ¢ and p.
Throughout we consider a 10% increase in the price of foreign inputs.
Table 23| reports how the change in real wage is affected when one consideres an acyclic

network structure. In the fourth and sixth columns, we make use of the acyclic network from
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the algorithm explained in Appendix [E] for the weighted case where we minimize the values

of violating transactions.

Table 22: Results on ¢; and % under different values of o and p

(a) Median ¢;

p o Baseline Simple Roundabout Sectoral Roundabout

1.5 2 1.035 1.038 1.030
1.5 4 1.017 1.025 1.008
1.5 6 1.009 1.019 0.998
2 1.046 1.047 1.041
4 1.027 1.032 1.018
6 1.017 1.024 1.006

(b) 90th percentile ¢;

p o DBaseline Simple Roundabout Sectoral Roundabout

1.5 2 1.069 1.058 1.059
1.5 4 1.061 1.047 1.045
1.5 6 1.057 1.042 1.038
2 1.075 1.064 1.065
4 1.065 1.052 1.051
6  1.060 1.046 1.043
(0) 2
p o Baseline Simple Roundabout Sectoral Roundabout
1.5 2 0.945 0.944 0.939
1.5 4 0.931 0.934 0.922
1.5 6 0.927 0.932 0.915
2 0.955 0.953 0.949
4 0.940 0.941 0.931
6 0934 0.937 0.923
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Table 23: Change in real wage % under acyclic network

10% increase in pp.

Autarky

poe %, Baseline %, acyclic %, Baseline %, acyclic
1.5 2 0.945 0.942 0.251 0.223
1.5 4 0.931 0.927 0.437 0.408
15 6 0.927 0.922 0.541 0.519

2 0.955 0.952 0.391 0.388

A 0.940 0.936 0.558 0.530

6 0.934 0.929 0.634 0.609
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E

Ordering algorithm

In this section we describe the implementation of the ordering algorithm to solve the

feedback arc set problem. We begin by defining some terms and notation.

E.1

Terms and notation

graph | network, G = (V, E) - A collection of a set of edges E and set of vertices V.
Edges describe the relationship between vertices. Two basic classifications of graphs
are based on whether the edges are directed or undirected and whether they are weighted

or unweighted

n=|V],m=|E|

cycle - A path within a graph where a vertex is reachable from itself
d*(u) - For a vertex u € V in a directed graph, number of outgoing edges
d~(u) - For a vertex u € V' in a directed graph, number of incoming edges

wt(u) - For a vertex u € V' in a directed graph, cumulative sum of weights of outgoing

edges

w™ (u) - For a vertex u € V in a directed graph, cumulative sum of weights of incoming

edges
sink - A vertex u € V' in a directed graph with d*(u) =0
source - A vertex u € V' in a directed graph with d~(u) =0

feedback arc set - A set of edges from a directed cyclic graph that when removed make

the graph acyclic

5 = SieftSright - Given 2 finite sequences si s and s,;4n¢ With the indicated notation we
symbolize the concatenation operation. For example, if 5,05 = (A, B,C) and spign =
(X7 }/7 Z)7 then s = SleftSright = (A, B7 Ca X7 Y7 Z)

| z] is the greatest integer less than or equal to x
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E.2 Overview

The Belgian B2B data describes a weighted directed graph G = (V, E). Vertices are firms
and edges are sales between firms. The goal of the ordering algorithm is to order firms in a
way such that a given firm only sells to firms further along in the ordering and only buys
from firms that precede it. The condition desired by this ordering is known in graph theory
as a topological ordering (Black, 1999). A topological ordering exists if and only if a graph
is directed and acyclic. The B2B data is cyclic. For the unweighted case our motivation
is to find a feedback arc set of minimal cardinality, that is, what is the minimum number
of transactions that we need to drop (i.e., the “violators”) from our network to satisfy our
ordering condition? For the weighted case, we seek to find a feedback arc set such that the
cumulative weight of the violating transactions is minimized. Finding a minimum feedback

arc set is computationally difficult but approximation algorithms exist.

E.3 Unweighted case

The algorithm we use for the paper was first presented by [Eades et al| (1993). This
algorithm was chosen because it has a linear run time complexity, O(m + n), and because
of its relative implementation simplicity. The algorithm uses a greedy heuristic through
which it builds the proposed ordering s = s, ftsrightm Vertices are initialized into several
buckets: sinks, sources, and § buckets, where for a vertex u € V, §(u) = d~(u) — d*(u)["]
At each iteration, the algorithm removes all sinks from the network and prepends them to a
sequence S,ignt, removes all sources and appends them to a sequence s, and then removes
the vertex with the lowest ¢ score (the most “source”-like vertex) and appends it to s ftﬁ
Each removal requires updating the buckets to reflect the modified graph. The algorithm
stops when the graph is empty. There will be 2n — 1 buckets, which can be formalized as
follows{™]

46 According to Black (2005)), a greedy algorithm is “an algorithm that always takes the best immediate, or
local, solution while finding an answer. Greedy algorithms find the overall, or globally, optimal solution for
some optimization problems, but may find less-than-optimal solutions for some instances of other problems.”

4TWe have flipped the sign here compared to [Eades et al| (1993) to be consistent with the diagrams
elsewhere in our paper.

48Eades et al. (1993)) take the vertex with the maximum § score.

49Eades et al.| (1993)) assume that the graph G is simple (no bidirectional edges), and hence their original
algorithm only requires 2n — 3 buckets.
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V—n+1 - V:sources = {U eV | d_(u> = Oa d+(U) > 0}
Vit = Vs = {u €V | d (u) > 0; d"(u) =0}
Vi={ueV |d=4u); d (u)>0; d(u) >0}

The bucket V_,,.1 contains all the vertices that are only the sources of edges. The bucket
V,—1 contains all the vertices that are only the sinks of edges (in other words, vertices
that are only receiving edges). Each V; bucket contains vertices with d net incoming edges

(conditional on these vertices having both outgoing and incoming edges).

E.4 Example execution on unweighted network

—0

Consider the following network:

O—O—
Y

Let’s trace the execution of the algorithm described by Eades et al.

E.4.1 Initialization

Buckets:
A D C B E
sources -3 -2 -1 0 1 2 3 sinks

Ordering : s = Sieft = Syight = ()

E.4.2 First iteration:

Remove sinks
Updated buckets:
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A

C,D

sources -3 -2 —1

Updated ordering : siere = (), Sright = (E), § = SiefiSright = (E)

Remove sources
Updated buckets:

sinks

sources -3 -2 —1

Updated ordering : Siepr = (A), Spight = (E), s = SicftSright = (A, E)

Remove vertex with lowest delta score

Updated buckets:

sinks

B

sources -3 -2 —1

Updated ordering : Sicqe = (A, C), Spight = (E), 8 = SieftSright = (4, C, E)

E.4.3 Second iteration

Remove sinks
Updated buckets:

sinks

B

sources -3 -2 -1
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Updated ordering : Siepr = (A, C), Spight = (D, E), s = Sief1Sright = (A, C, D, E)

Remove sources
Updated buckets:

sources -3 -2 -1 0 1 2 3 sinks

Updated ordering : Sieqe = (A, C, B), Spight = (D, E), $ = SicptSrignt = (A, C, B, D, E)

E.4.4 Final output

Ordering : s = SiepiSright = (A, C, B, D, E), Violator edge set: {(D,C)}

E.5 Weighted case

Simpson et al. (2016) have proposed a modification to adapt the |Eades et al.| (1993))

algorithm to solve the weighted problem. The required changes are:

1. In the initialization step, all edge weights need to be normalized to be between 0 and
1.

2. §(u) is redefined as 0(u) = [w™ (u) — w*(u)].

The key motivation behind these steps is to reformat the network so that the unweighted
version of the algorithm could be used in an identical fashion as before, specifically without
increasing the number of buckets. Without the floor in step 2, for any given network the

number of buckets could become large.
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F Algorithm to solve for the firm’s sourcing strategy

and export participation

A firm is solving the problem described in , where profits are defined in equation ([24)
and variable profits are defined in equation . For convenience, we re-state the problem

of firm j here:

max Wj(Zj;]jF) s.t. Zj Q Zj s IjF S {O, ]_},

ZjIp
where

1 o— —0 o0— o— _ E
7(Z;, Lir) :;ﬂjleul ¢7710;(Z;) I/ I)E

1 FE
+ [jF;ﬁfp_lﬂl_(’éﬁ?_l@j(Zj)(a_l)/(p_l)Tl_a—F

PE°
- Z fkjw - ijijw

kEZ]'

=m(Zj, Lip) = Y frgw — Lipfipw

kEZ;

In words, the firm is choosing its sourcing strategy, Z;, and export participation, ;. We
solve the firm’s problem of choosing its sourcing strategy separately for I;p = 0 and I;p = 1.
We then calculate the profits for these two cases and determine the firm is an exporter if
and only if the profits under exporting are higher than under non-exporting.

Below we describe how we solve for the firm’s optimal sourcing strategy for a given export

participation choice.

F.1 Lower and upper bounds for the optimal sourcing strategy
We determine the lower and upper bound for the firm’s sourcing strategy following the

procedure in Jia (2008) and |Antras et al.| (2017)).

F.1.1 Lower bound

We start from a guess of no sourcing from any other domestic supplier and no importing,
Sl(o). We then check supplier by supplier whether the benefit of adding a supplier (given the
current guess of not purchasing from any supplier) is positive. At iteration ¢, starting from
Sl(t), we calculate the marginal benefit of adding supplier k ¢ Sl(t), k € Z;:
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T (S Uk, Lig) — 72(S, Iiw) — frjw.

If the marginal benefit to include supplier k is positive, in the next iteration we include
supplier k in the guess for the sourcing strategy of firm j. Note that given o > p, one is
the least likely to determine the benefit of a supplier is positive when the current guess is
no supplier. Hence if it is possible to include a supplier in this iteration, in all the next
iterations the marginal benefit from this supplier will be positive as well.

Starting from Sl(t), we consider firm-by-firm if trading with a firm not contained in Sl(t)
brings positive marginal benefit (i.e., the additional variable profits under this sourcing
strategy exceed the additional fixed cost) or not. Then, we add all those firms which bring
positive benefit to form Sl(t+1).

The process ends when Sl(t) = Sl(tﬂ) or all eligible suppliers are in Sl(t) already. When
the process ends (i.e., Sl(t) = Sl(tﬂ)), we denote the lower bound of the sourcing strategy for
firm j as Sp = 5 = 5N

F.1.2 Upper bound

To determine the upper bound we start from a guess of purchasing from every supplier
(incl. foreign), S We then check supplier-by-supplier whether the marginal benefit from
dropping the supplier is positive. At iteration ¢, starting from Sq(f), we calculate the marginal

benefit of dropping supplier k € S as:

w51\ K, L) = (S, L) + figw.

The remainder of the procedure is very similar to the iteration for the lower bound but
starting from the opposite direction (i.e., we drop from the next iteration SUTY Al those
suppliers for which the marginal benefit of dropping is positive). The ending criteria is the

same. We denote the upper bound for the sourcing strategy as S;.

F.2 From lower and upper bounds to optimal sourcing strategy

Once we obtain S} and S}, we consider 3 alternative cases. Let D = {z € S} | x ¢ S/}
denote the set with the elements that are in the upper bound but not in the lower bound

for the sourcing strategy.
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F.2.1 Si=5

If the upper and lower bounds for the sourcing strategy are the same, then we have

obtained the optimal sourcing strategy for the firm (for a given exporting choice).

F.2.2 S} is close to S

When the cardinality of set D is less than or equal to 15, we consider S to be close to
Sy

In that case we evaluate the profits at all possible combinations of sourcing strategies in
between S and S}, including S and S} themselves. We choose the combination that yields

the highest total profit as the optimal sourcing strategy for the firm.

F.2.3 S is far from S}

When the cardinality of set D is larger than 15, then evaluating the profits at all combina-
tions of feasible sourcing strategies in between the two bounds would be too computationally
intensive. For that case, we have developed the following greedy algorithm to determine the
firm’s sourcing strategy:

Starting from S}, we calculate the marginal benefit from adding separately each supplier
in D to the sourcing strategy S;. Note that by construction the marginal benefit from adding
each of these suppliers individually to S/ is negative (otherwise the algorithm in Section
would have already added those suppliers to the lower bound). We order the suppliers in
D by their marginal benefit of being added to S;. If the cardinality of D is K, we consider
K — 1 alternative sourcing strategies. We first add the top 2 suppliers in D (those with the
highest marginal benefit of being added evaluated at S}) to S}, then add the top3 suppliers
to S}, and so forth. Hence, we calculate the profits for K — 1 alternative sourcing strategies.

In addition, we also follow a similar process starting from S} and calculate the marginal
benefit from dropping separately each supplier in D from the sourcing strategy S;. Again,
by construction, the benefit from dropping each of the suppliers individually is negative.
We order the suppliers in D by their marginal benefit of being dropped from S}. We then
consider K — 1 alternative sourcing strategies, in which 2, 3, ..., K suppliers are removed from
Sk (following the ranking of their marginal benefit of dropping individually at S}).

Then, out of these 2K — 2 sourcing strategies we choose the one with the highest total
profit for the firm.

Note that, using the approach in Section the number of sourcing strategies we
would need to calculate profits for would be 2% (growing exponentially in K). The greedy

algorithm developed here, requires evaluations of alternative sourcing strategies that grow
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linearly in K, making it feasible even in the rare case that the difference between S} and S}
is large.
We present statistics on the cardinality of the differences in the bounds in Table 24

F.3 Statistics on the algorithm

Table 24: Cardinality of differences in the upper and lower bounds

Percent of cases in which
Number of firm draws

) ) Bounds are Differences in bounds Differences in bounds
X parameter 1terations )
perfectly overlapping <15 > 15
2,215,600,000 99.26 0.61 0.13

Notes: During the estimation we have to solve for each firm and parameter guess the firm’s optimal sourcing
strategy and exporting choice. This table presents aggregate statistics on the cardinality of the differences in the
upper and lower bounds for the sourcing strategy summing over the outcomes for each firm, parameter guess, and

exporting choice.
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G

Algorithm for network formation

Below we describe the algorithm to solve for the network formation in three contexts: In

Section [G.I] we describe the algorithm to solve for the network formation and equilibrium

for a given set of parameters. In Section [G.2] we describe the algorithm to estimate the

parameters of the model. In Section [G.3] we describe the algorithm to solve for network

formation and equilibrium in a closed economy.

G.1 Network formation given parameters

Given a set of parameters, size of the labor force, price of foreign goods, and foreign

demand, we follow the steps below to simulate the network formation.

1.

2a.

2b.

Firms with productivities ¢; are randomly sorted, and indexed with ¢ = 1,2,3,---.
A firm’s index determines the firm’s set of eligible suppliers, Z;. The set of eligible
suppliers is such that all feasible networks will be acyclic. Firms’ draws of firm-pair-
specific fixed cost of sourcing, fixed cost of importing and exporting, export demand,
and benefits of importing, and firm-pair-specific cost shifters are also known at this

point.
All firms make a common guess of the wage level w.

All firms make a common guess of aggregate demand term: A = EP°~ 1.

. We assume that firms decide on their sourcing strategies in sequence of ¢. Firm 1 decides

its sourcing strategy and determines c;, then firm 2 decides its sourcing strategy and
determines ¢y, and so on. When firms make their sourcing decisions, we assume that
all firms are able to use labor and foreign inputs, but firm ¢ is only able to choose its
suppliers from its eligible supplier set Z;. We determine which suppliers among Z; firm
i sources from, using the algorithm described in Section [F}, and compute ¢;. After the
final firm 2 = N decides its sourcing strategy, the whole vector ¢ and the supplier sets
of all firms are determined. At this point we have also solved for the firm’s optimal

export participation choice and export sales.

Given the network, the guesses for A and w, we are able to compute the equilibrium

variables.

(a) Sales to domestic final demand of firm ¢ is computed as X;y = (ﬁ)l_o ci A
o \1=0 1-0po—1 E
0'71) G ﬂkF p}ljd .

and to foreign final demand is computed as X;p = (

(b) The cost of inputs used for firm i’s sales to domestic final demand is thus C;y =

"T_lXiH and to foreign final demand is C;p = "T_lXiF )
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(c) The total input costs of firms, C; are calculated by solving the system of linear

equations below:

C; = Cig + Cip + Z 5i;C},
J

—C=(I-5)"(Cy+Cp)

where C, Cg, and Cp are vectors of C;, C;y, and C;p, respectively, and the 7, j

element of matrix S is s;;.
(d) The total sales of firm i is then X; = X;y + X;r + C; — Cig.

(e) Firm profits and total expenditure on fixed costs.

5. We solve for equilibrium variables of A and w in the following way: In the outer loop,
we solve for wages such that the labor market clearing condition is solved. In the
inner loop, we iterate over steps 2b-4, such that a fixed point for the market demand

level, A, is found.

G.2 Parameter estimation and network formation

One possible approach to estimating the parameters of the model is to simulate the model
for each parameter guess according to the algorithm outlined in Section calculate the
objective function in equation , and vary the parameter guesses to maximize the objective
function. However, this requires for each parameter guess finding a fixed point in both
the market demand, A, and a wage level, w. Below, we describe a more computationally
attractive algorithm to estimate the model.

Throughout the estimation, we set the domestic wage, w = 1, as well as the domestic
market demand, A = 1. We ensure labor market clearing condition and the fixed point in

market demand in the following way:

1. Of the 8 parameters to estimate, the mean foreign demand parameter is implicitly

pinned down to take the value that satisfies the trade balance condition.

2. Instead of treating the size of the labor force as data (note that the units are arbitrary),
APlfU—Z,L- Uy

we choose its level by setting: L = ”

APlfU—Zi e

w Y

Note that A = w = 1. Under this level of the size of the labor force, L =
the fixed point for the market demand, A is automatically satisfied. Also, since the trade
balance holds, the domestic labor market clears as well.

Odom  HOF  HUP  Pldom ci)fimp (i)fexp and &7 we
scale” scale’ disp scale scale scale disp’

and go through steps 3 and 4 in Section to calculate the aggregate trade

Given a parameter guess for P
BF

scale

vary P
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balance. Given the other parameters, the level of @fgzle is pinned down implicitly such that
aggregate trade balance is equal to zero. Hence, instead of search for a fixed point in both A
and w, we hold those fixed throughout the estimation and only need to find one fixed point
s HOF
in ¢

o ies that satisfies trade balance, for each guess of the other seven parameters.

G.3 Network formation in the closed economy

In the closed economy, we can normalize the domestic wage w = 1. We therefore only
have to follow steps 2b-4 in Section to pin down the level of domestic market demand,
A, in the closed economy.
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H Results from the estimated model

H.1 Direct and indirect linkages to foreign trade

Figure shows the histograms analogous to those in Figure [T} generated from the
estimated model.

Figure 14: Histograms of direct and indirect linkages to foreign trade, from the estimated
model

(a) Direct and total foreign input share
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(b) Direct and total export share
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Notes: Total foreign input share of firm ¢, s?** is calculated by solving s = sp; +Zj€Zi SjiSF] where

s; is 4’s direct foreign input share, and s;; is j’s share among i’s inputs. Total export share firm 1, rlLotal ig

iF
calculated by solving r12tl = r;p + Zjewi mjrolé’t“l where r;p is i’s share of exports in its revenue, and r;;
is share of i’s revenue that arises from sales to firm j. The figures are based on the estimated model. The

horizontal lines represent scale breaks on the vertical axis.
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H.2 Size premium of direct and indirect linkages to foreign trade

Figure [I5 shows the plots analogous to those in Figure [2| generated from the estimated

model.

Figure 15: Size premium of direct and indirect linkages to foreign trade, from the estimated
model

(a) Foreign inputs

Log sales

T T

0 2 4 .6 .8 1
Foreign input share

’ Direct Total

(b) Exports

Log sales

T T

0 2 4 .6 .8 1
Export share

Direct Total ‘

Notes: The two figures display the smoothed values with 95% confidence intervals of kernel-weighted local
polynomial regression estimates of the relationship between firms’ sales and their levels of participation in
foreign trade. We use the Epanechnikov kernel function with kernel bandwidth of 0.01, pilot bandwidth of
0.02, degree of polynomial smooth at 0, and smooth obtained at 50 points.
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H.3 Statistics from the counterfactual exercise

Table shows the results from linear and probit regressions where in its first four
columns we regress the probability of having a lower unit cost upon a 10% increase in the
foreign price, on firm-level variables. 21% of firms experienced a reduction in their costs. In
its last four columns, we also show the results from regressing the probability of having a
smaller number of domestic suppliers upon 10% increase in the foreign price, on firm-level

variables. 4% of firms experienced a reduction in the number of domestic suppliers.

Table 25: Probabilities when cost increases by 10%

Probability of having Probability of having a reduction
a cost reduction in the number of domestic suppliers
Linear Probit Linear Probit

Est. R? [Est. Pseudo R? Est. R?> Est.  Pseudo R?
Import share -0.40 0.02 -1.71 0.03 0.33 0.05 0.14 0.07
Total share of foreign inputs -1.12 0.29 -1.32 0.40 0.28 0.08 0.22 0.20
Export share -0.25 0.01 -0.40 0.01 0.45 0.09 0.16 0.11
Total share of exports 0.10 0.00 0.10 0.00 0.10 0.01 0.07 0.03
Labor share 0.86 0.31 0.63 0.29 -0.12  0.03 -0.23 0.12
Import status -0.18 0.03 -0.24 0.04 0.07 0.02 0.05 0.05
Export status -0.15 0.01 -0.19 0.01 0.16 0.06 0.08 0.11
Log import -0.01 0.01 -0.01 0.03 0.02 0.05 0.02 0.08
Log export -0.01 0.02 -0.01 0.04 0.03 0.09 0.03 0.10
Log sales to dom. fin. demand -0.04 0.17 -0.04 0.18 0.01 0.04 0.01 0.12
Log total sales -0.02 0.06 -0.02 0.05 0.01 0.02 0.01 0.07
Indegree -0.01 0.11 -0.01 0.14 0.00 0.05 0.00 0.12

Notes: In the first four columns, the dependent variable equals to 1 if the firm’s cost becomes lower after 10% in-
crease in the foreign price, under endogenous networks. In the last four columns, the dependent variable equals to
1 if the number of domestic suppliers of the firm drops after 10% increase in the foreign price. All regressions are

univariate. Estimates of Probit specification are scaled to match the interpretations of linear probability model.
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