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I. Mathematical Appendix

A. Model’s implied regression to estimate elasticities

€Qj—1
er
cost minimization problem for firms in sector j, subject to the working capital

Let’s start by defining pg, =

. To derive the Equation (?7) we solve the

constraint in the use of value-added and intermediates 9;-’P]7-’Vj + HTPJM M; <

n;P;Q;. The Lagrangian of this problem is (max - (cost))

1
Q;

1 1
L= =PV = PYM =N | Q=25 |, Vi 4 (1= ay) 9 M

_'U’JG (07 P7V; + gjmijMj —n;P;Q;) -

The first-order necessary and sufficient conditions for Mj is

19Q;
T M,

0Q);
+ ujcn-P-—J - ,qu;”PjM =0.

M

1
Rearranging, using the fact that g]?j]'_ = ijQj (%) ‘@5 and that in competitive

markets the marginal cost of production in sector j ()\Jl) is the price of good P;,
1
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we have
0 1
M e [(aQ5\ @
(1) P] = Zj J <;Wj]> J Pjﬁj,
— 1+M-C77j . .
where 0 < 9; = il +ué g S 1 is the wedge that reduces the value of the marginal
i %

product of intermediates. Raising the previous equation to the power of €q,,

taking logs, and rearranging we obtain

(2)

PAM, P :
log PO =log (a;) + (1 — €Q;) log B + (eq, — 1)log Zji + e, log V.
Jti gt J

Now, we minimize the cost of the intermediate input bundle Zf\i 1 PiM;; subject
1

o N M o PM;
to M; = (Zi:l W, M.

[

1
)pMJ' . The Lagrangian for this problem is

N N 1 1
¢ - - o)
i=1 i=1

Taking first order conditions with respect to M;;, using the fact that in competi-

tive markets A? = PJM , and rearranging yields

Py Mt Py
3 Al W WR ) = (1 — ey )AL .
( ) og (PJMM]t> ( 6M]) 0og <Pﬁ4>

Combining Equations (2) and (3) yields Equation (?7).
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B. Two-sector model solutions

We proceed to find an analytical expression for sector’s 2 Lagrange multiplier
. To this end, we need to solve for sectoral prices and input demand, using input
optimality conditions, binding working capital constraints, and market clearing

conditions.

Assume the wage rate is the numeraire (w = 1). From the production function
of sector 1 (Q1 = Z1L1) and from the binding constraint in sector 1 (L; =

mP1Q1), we obtain
1

P = .
! mZ1

Using the market clearing condition for the consumption good (Q2 = C'), the mar-
ket clearing condition for (inelastic) labor (L = L; + Ly = 1), and the household
budget constraint L + II = P,C, we obtain

_1+1I

P = .
2T Qs

The binding constraint of sector 2 and the market clearing condition for sector

1’s goods (Q1 = Mi2) imply
03 Ly + 015P1Q1 = 12 2Q2,

1—L
0% Lo + 0732 = (1 + 1),

m
and that
[, — M 1D =07 munp(L+1) = 07
moy — 075 P 7
implying
Li—1- (771772(1 +10) — 9?5) _ (08 —m(+10))  m(6y —no(1+11))

moy — 073 moy — 075 $1 ’



4 AMERICAN ECONOMIC JOURNAL 2021

in which ¢y = 105 —075. We solve for profit and the Lagrange multiplier below.

Having solved for L1, Lo we obtain
Q1= My = 2114

and

1
Q2 = Zo(a'PRLE? + (1 —a)' PR M{Y) "2,

where pg = (eg — 1) /eq. Finally, using first order and necessary condition

(FONC) in the use of labor or intermediates for firms in sector 2:

LQQ)I—PQ _ (1 + p20y) 0

Lo a

P ZPQ
222" ( (1 + pam2)

PQZSQ((l - a)QQ)lpr - (1 + N2912) _

Mo (1+ pom)

we can solve for po.

PROOF OF PROPOSITION 1:

Constraint on intermediates: set 05 = 0 and 0735 = 1, which implies Ly =
1—mna(1 +10) and Q1 = Z1mn2(1 + II). From the FONC for Lo, and from the

fact that P, = 15—21_[, we obtain

(CZQE)"Q =1+ um)(%)l_”‘?(l +10).

Similarly, using the production function for sector 2 we obtain

(92

5 )pQ _ a;*PQLgQ +(1- a2)1—PQQTQ’
2
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implying
a 1— 1— _
(1+ M2n2)(fz) PULHTD) = ay "PL57 + (1 — ag)' 772 Q17,

Qa — 1— _
(b)) D) = 6 (L) (10a) 0 (Zim (14T
and

1— 14+10)) (1 —ag)\' 7 1 1
iy = (( e ) ( 2)> (mZ1)Pe + -

aznz(1 +11) n2(1 +1I) 72

To solve for profits II we divide the FONCs for Ly with the FONCs for Mo

p2 = <(1 —mnz(1+10)) (1 — a2)>1pQ (mZy)Pe —1,

agnz(1 + 1)
1
o (=mm
L—(1—m)n
implying
1—m) (1 —ag)\' 7@
po = <( Z772)( 2)> mzy — 1,
17M172G2
Therefore,
0 1 1—
67/‘2 = —— (MZ1)"2¢m " In
where ¢, = (A-m)(-ap) = 1¢ ¢m > 1 the derivative is negative, otherwise it is

Z1n1n2a2
positive. From the binding constraint we have that

po = (¢m) P mZ1 — 1> 0,

D
(mZ1)°Q@"

ductivity value), it is always the case that, as long as firms in sector 1 and sector

implying that ¢, > Hence, evaluated at Z; = 1 (steady state pro-
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2 are constrained (7 < 1 and pg > 0), ¢, > 1. Therefore, more flexible firms
are less constrained g% < 0. The premium for production flexibility is larger
when ¢, is larger (due to lower collateral constraint parameters 71, 12 , or lower
productivity Zi, or larger intermediate input share (1 — ag))

Opz

1 —pg
_— = Z1 >0
3o, 6Q¢>m m<i ;

PROOF OF PROPOSITION 2:
Her we study how the Lagrange multiplier pus changes with financial shocks to
sector 1 and 2, and then how the elasticity affects the change in the Lagrange

multiplier. Following from Proposition 1, we have

8“2 —PQ 8¢)m

— =(1- m Z

8772 ( pQ)¢ masa 87’]2
Opz —PQ (a2 —1) L —pg(az—1)
e (1= p@)om™m 121?71775@ GQ(Z) n3az

We then have that

0(Oua/Om) _ ¢n'*(1 ~ az) (1+ L o)
Oeq eéagng €Q mr

which is positive as long as 1+ % In ¢, > 0. As long as ¢y, > 1, the condition
for Opg/0eg < 0, it then holds that 8(8’5267/@8"2) > 0, which implies that a more

flexible sector displays smaller increases in pg due to tightening credit constraints.

We now study how the Lagrange multiplier changes with a financial shock to

sector 1

0 1— eg—1
8,u2 = ¢ 72—
m €Q

)

which implies that declines in 77 increase (decrease) the shadow cost of working
capital when e < 1 (eg > 1). Note that for Cobb-Douglas technologies, tight-

ening credit conditions for sector 1 have no effect on sector 2’s shadow cost of
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debt. If w’;ff/jm) > 0, more flexible firms would experience a larger decline or
a smaller increase in the Lagrange multiplier followed by a credit tightening in

sector 1. We have that

00pe/Om) _ on 21y (cq =1,

aEQ N 62@ €Q
which is positive as long as (1 — % In ¢y, > O). When labor and intermedi-

> 0 is positive.

ates are substitutes, 8(8%26728771)

C. Constraint on labor

PROOF:
Set 0% = 1 and 674 = 0, which implies Ly = na(1+1I) and Q1 = Z; (1 — n2(1 + 1I)).

From the FONC for Mjs, and from the fact that P, = 24 and P, =

Q2 we

1
Zim?
obtain
(1 — CLQ)

@
Mo

1—
Z ) TP +1I0).

)72 = Zim (1 + pame)(

Again using the production function we obtain

1— —
(L) — o 2152 4 (1 - )1

which implies

1—az)\1- 1— _
(1+ “2”2><(le)) P2 Zymy(1+ 1) = ay "OL5? + (1 — ag) PR MY,

(1 — CLQ)

Zi(1— (1 +10) )79 Zumy (1411) = ay "2 (2 (1411)) P2 +(1—ag) =@ 202 (1= (1+11)) 7,

(14p2m2) (

and

M2

B 1 (1 — 772(1 + H))ang =re n (1 — (1 + H)(nl + 772))
- Zim \ (1 —a2)np(1+10) mnz(1 + 1I)
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To solve for profits II we divide the FONCs for Ly with the FONCs for Mo

1 ((1 —m(1+ H))am) e

P27 2o 0= an) (110
implying
1
) R —
m o+ n2 —mn2
and
iy = 1 (Th(l - 772)a221>1_pQ .
Zym \ (1 —az)n '
Therefore,
Opz 11 1-pg
92 _ - * 1
86Q 62‘2 Zim Pw | ((ﬁw) )
where ¢, = 1U=m)2Z1 - 1¢ 4 5 | the derivative is negative, otherwise it is

(1—a2)m2
positive. For the constraint to be binding, we require puo > 0, implying

bw > (Z1m1)Q.

Therefore, only for high values of Z; and 7, the model can replicate the negative
relationship between elasticities and the shadow cost of debt.
Let us see how sector 1’s constraint affects sector 2’s wedge, when sector 2’s
constraint tightens. We have that
0w _ _mZiaz(1 —as)

8772 ((1 — a2>172)2

a tightening of sector 2’s constraint raises the cost of labor (constrained input).

On the other hand, we have that

(99w /On2)

<0
om

implying that a tighter constraint in sector 1 mitigates the increase in ¢,, due to
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a tightening in 7y (it makes %‘% less negative).

PROOF OF PROPOSITION 3:

—1
Let us define pg, = 62] and assume €y, = €@, for all j. To obtain real GDP

in this economy, use the cost minimizing problem

N
Min > P;Cj,
j=1
subject to

N
c=[]c.
j=1

which yields

N
PiCj = B; Y PiCj.
j=1

Combining the previous condition with the household budget constraint

N
> PC; =WL+1I,
j=1

gives

PiCj = B;(WL+10),

and the fact that labor is inelastically supplied L = 1 and the wage rate is the

numeraire
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N N B (1410
c=TIe) =T
j=1 j=1 J

N
log C = Zﬂj log (5‘7(1P+H))
j=1 !

BJ +Zﬂjlog 14 1I),

7=1

N
logC' = Z Bj log
j=1

using the fact that E —1 Bj = 1 we have that real GDP in this economy is

logC = Zﬁjlog ﬂj)

7j=1

+log(1 4 II).

We need to solve for sectoral prices. We first modify the production function

7% — g\ 7P (L )P (1 —aj)' P (%)@7
J j Q; Q,

define wedges as follows

I — (L4 pym;)
j

(1+ p;07)
gw — L+ 15m;)
’ (L + p;07 P

and use the first order conditions for labor and intermediates

Pa; (4 Qj\1-pq, (1 + ps0%) wr—1
PZ J = ———-]0= ’19 y
173 ( Lj ) (1+M]77]) ( J)
PQ; (1 — aj)Qj 1—pq; (1 + “ng) M (,qmy—1
Pz (2 = P. - - — P ; .
J%g ( A[j ) ! J (1+/'L]7]j) J (79] )

This definition of wedge implies that a decline in 1; decreases the wedge ¥;. A
decline in 7; increases pj. Therefore, the denominator increases more than the

numerator. A decline in 7n; corresponds to tighter credit, which is isomorphic to
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an increase in sectoral spreads (or EBP to be more precise). Thus, increases in
sectoral spread decrease v;.

To solve for real GDP we first need to solve for sectoral prices. We use sectoral

first order conditions

(er—l)2 (er—l)

L' , erfl eQ. 6Q- —1
(Jj)ﬂ% =Pz Y ey (W)
(er—l)2 (eg,—1)
Mj\ po. Pj \eo. -1, <q; o 1
(Qij')pQJ — (P7]{4)6Q] Zj J (]_ — CL]) N (19;71)6(9] )
J J

implying (now allowing for heterogeneous elasticities)

1-eq; €Q;— 1, qwneo. —1 €Q;—1, imneo.—1 l—eo.
Py Y =a;Z (09) 9T+ (L—ay)Z; (97) T (BT,

l1—eq. g, —1 1 g, —1 1 1
P =02 ) T+ (1= ) 2 @0 T (D wi P
i=1
Now assume that €g; = €p; for all j implies

N
1—eQ, eQ.—l 1 eQ.—l 1 1—eQ,
Pj 7= aij ’ (19;”-0)663] +(1—- aj)Zj ’ (19?1)6@] E wi; P; 7,
=1

and in matrix form
Pl=@ = qgo(Zov®)@ ! 4 (1—a)o(Zo ﬁm)er_lll) o (o (Pl’)o((lfeQJ')ll)/)'l.

Note here that the term sz\i 1 wijIDZ-ker has all sectoral prices and intermedi-
ates shares, from ¢ to IV, raised to the power of sector’s j elasticity. With common
elasticity expressing these terms in matrix form is trivial: ' P'=¢@. Nevertheless,
the matrix form with heterogeneous elasticities is 2 o (P1’ )O((l_gQi)ll)/)’ 1.

We now solve for sectoral sale shares. We multiply sectoral market clearing
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condition for sector j by sectoral price P; we obtain

N
Sj=P;C;+ > PiMy,

i=1
where S is sectoral sales. Let’s use the household optimal consumption share
for each good (with ep = 1 we have P;C; = B;P.C) and rearrange the firm

optimality condition for M;

1—po, ) 1—po. ot 1—po,
PiM;; "% = 07 Z7% (L= apwye) "My RQT,
which combined with the FONC for M;

1 P
L (1 - ai)Qi7

M; = (97" @ 2% (M)
7

yields

EQi
1-pgq; PQ; 1-pq; co. i1 Bi
PO = 0 20 () O ()9 20 i

¥
Note that unlike the case €Q; = €M;, when €Q, # € M; there is no linear closed-

form solution for sales shares (given prices).

Assuming that g, = en;

1—pg. ) 1—po. 1—pg.
BiMy "% =07 2% (1= ai)uwyi) " PQ; "
PiMos — P €Q;—1/ gmyeq, €Q;—1
i Mji = (f) (97") Q2 Z, (1 — a;)w;i PQ;,
J

to get

N
—€0. . — —1
8; = BiP.C+ Y PP M) 79T (1 - gy
=1

ot ALPQ;
L (1-a;)Q:) M RQ,
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S;
P.C

N
l—eqg. ~€0,—1 eg,—1 S;
=B+ P R ) ez (1 - awjip 5
i=1

s=[I— ((Pl/)o((l_eQ)ll)/)) o ((ﬁm)er o(Zo P)O(EQ_I)I/)/ o((1— a)l/), o Q]_lﬁ,

. . - -
mWhlchs—@—HH.

Note that with common elasticity the matrix form

solution simplifies to

s = [ — (PPU@)1) o ((9™)°@ o (Z 0 P)* @ D1") o (1 —a)1') 0 Q' 4,

Having solved for prices and sales shares we can solve for profits. Combining

the firms FONCs for input we have

rQ ((1 - aj)Qj)l—ij _pY

Ml_ij _gm b 779 (1 O\ 1Pe;
;o =0 (- a))Q)) ,
J
L PPQ]'
—PQ; j PQ; 1—pg. 1—po.
My = 07— 2 (L= ag) 7 (PQy) ",
J
1 P P;Q
L €Q. R~ J _ L \1d%d
Mj = (97 Z2,% e (1—a) G PC.
where P.C'=1+1I and s; = I;ﬁc%j, implying
1
Q; 1 PJ'EQJ

Mj = (97 Z;

j W(l—aj)sj(l—s—ﬂ),

which combined with the ratio between the labor and intermediates first order
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condition "
w
L= (Pj Y jeo; 9
G (1—ay)

yields

€o.—1
PMyw a 0.1 P,
Lj= (L)% L _(9m) 7% L (1 —aj)s;(1+10)
J ( Qggn ) (1—ay) J J (ij)Q J
-1 _en.—1
L= W) a2 PP s+ .

We then use the labor market clearing condition, the solution for prices, and

the solution for sale shares, to solve for profits

Solution two-sector model with heterogeneous CES

In the Island economy (suppose Z; = 1 for all j and a; = a for all j), the

solution for prices, sales shares, and profits is

plma 9! ot et ( 1 o |P Pyl
(¢]

Py 952! ¢ 9=t et 0 1 ° Py~ Pl 1
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P1—61 1961—1 1961—1 1961—1 P1—61 O 1
11 =al| ! 1 +(1—a) 1 1 : 1] ° l 1
pl-e 95~ 92! 9o 0o Pe| |1
Pl—q 1961—1 1961—1P1—€1 0 1
1 B R t1—q |t
Py 952 0 92 TIP | |1
Plfq 196171 196171P1761
117 ¢ 171 +(1-a) 171 1175
P " oy oy P
implying
l—EQ a
P1 b= ,
9~ (1-a)
P21—6Q2 _ a

9y % —(1—a)

To obtain sales, we have

=1 - (S(Pll)o((l_eQ)l/)/)) o ((ﬁm)EQ o(Zo P)eQ_lll)/ o((1—a)l’)o Q]_lﬁ,

51 1 o] |pPe Pl |ogpet 99 PATH [1—a 0 | g1
— — o

So 0 1| [Py Py (0Pt vgpe! 0 1l-a

s1 1 o] [P Pl |ospet 9ePeTH |[1—a 0 ]—1
— — o

$9 0 1| [P~ P [99pPit gepe! 0 1-a
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s [ 10| |A-apoppp! 0 }—1 B
5 0 1 0 (1—a)P} =293 Py Byl
-1
si|  |1-(1—a)w 0 B
52 0 1—(1—a)d2 Ba|
Sq B 1 1-— (1 — a)19§2 0 51
so| (1= =a)d)(1 = (1-a)dy) 0 1—(1—a)o| | B
S1 1 pr(1— (1~ a)ﬁ’?)

o T O A= ad) 0~ - a9%) |51 — (1 - apoer)|

which yields

_ b1

1= (1—a)y’
B2

1—(1-a)93

S1

S9 =

In the Star Supplier Economy (suppose Z; = 1 for all j and a; = a for all j),

the solution for prices, sales shares, and profits is

ot wet O( 1 1| [P Pl |l

Py ¢ 952! Y 0 0 ° Py~ Pl 1
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P1—€1 ,1961—1 ,1961—1 1961—1 P1—61 O 1
11 —a 11+(1—a) 11 11O 116
—€ €2 — €2 — €2 — —
ple 9% 93l 9 P o |1
pl-a 95 o 99 PI o |1
=q —a
Py 9P 92TIPI 0l |1
P11*61 ?9?1*1 ?9?1*11311*61
P21*62 -4 ?952*1 +( —a ?952*11311*62
implying
1—6Q a
P1 L= ,
9, — (1—a)
1—e
P a4 (- g () T
9 —(1-a)

To obtain sales, we have

s = [1 - (PY)(0=@)) o (™)@ 0 (Zo P)@'1) o ((1—a)l') 028,

/

s1 { 1 o] [P Pl |oePtt 9P [1—a 1—alq-1 B
— — o

e 0 1| |P~ P2| [v2Py' 9ePeT! 0 0 Bo

s1 1 0| [P Pl (ogppTt 9P [1-a 1-a ]—1 By
— — (0]

s Hloo1] [T R PRt egReT 0 0
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s1 [ 10 (1 —a)Pl =93 PO (1 —a)Pl 292 P32 [ 1-1 | B
59 0 1 0 0 B2

-1

S1 . 1-— (1 — a)ﬁil —(1 — G)P11_€219§2P252_1 51
%2 0 1 Byl
S1 1 1 (1 _ a)P11*62Q9§2P2€2*1 4
S92 1 - (1 - a)'ﬂil 0 1 _ (1 _ a)z?il 52 9
sl 1 Bt Bl - a)P T R
S9 1-— (1 - Cl)ﬁil ,82(1 - (1 . a)’ﬂil) )

which yields the following solutions for the Star supplier economy

a
(PP) @ =—— ,
9~ (1-a)
—1 -1 a Q2
(P19 =ad ™+ (1 — )l ),
Uy o (1-a)
oS _ B n Ba(PP)' 2 (Py)> 105 (1 — a)
P71 (1—a)y 1—(1—a)df
Sg =1- 67

and the following solutions for the Island economy
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P11_€Q1 — T @ ,
¥, 4 —(1-a)
a

(PQI)l_EQQ - )
)

st :—B

71— (1 —a)o9

sh :—1 — 0

21— (1—a)vy

D. Sectoral shock: heterogeneous elasticities

PROOF PROPOSITION 4:

We start by defining the input-output multiplier (IOM) as

dlog C° _ Olog ct

[OM = o0, a0,

in which C*° and CT stand for real GDP in the Star supplier and Island

economies, respectively.

From the definition of real GDP, we have

dlogCt Olog Py I Taer—1 meq—1 opa—1! _, 0st
= - —(1+ 10 )aersfo5 Py Iy 21 o5 P L
%1 A Y1 (1 +10ajersid; ! T 0vY1 TUrh 0
Real wage channel Rents channel
dlog CS Olog Py dlog Py g S ae1—1 1 gpei—1 _, 083 J(PS)e2—1
= _—f—= - (1 - —(1+1I [ ge1—1pe1 51961 1 9E1 pe1 1 57952 2 ]7
01 o, TPy AT alast R s Ry T
Real wage channel Rents channel

where we differentiate the effects of distortions on the real wage and on the rents

op2 ! _
o

rebated to the household. Using the fact that % = %%, that
1 2 1

(2 — 1)P2€2_2819—1327 and that s5 = 1 — 3, we reorganize the IOM as follows
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OJlog PQS
1

IOM = (1—ﬁ)(1+a19§2(P25)62_1(1+HS)(62—1))

Term 1

—aerd TP T (14 1198 — (14 1)t

Term 2

. _, 0P
—adSt (e — 1) P{1 2871 [(1+105)sf — (14+T1)s]]
Term 3

ds% Os!
—ad PN+ =L — 1+ 1) L
avy” Iy [(1+ )8791 1+ )8191]

Term 4

We first analyze Term 1

dlog Py

T l=——7"7"-—+
erm a0,

(1-8)(1+avg P (14 1% (e~ 1),

€1 —€9

(1-— a)aﬁl_“(bll*iél

Term 1 = o ~(1-5) (1+m9;2p2€2*1(1+HS)(62—1)),
(a+ (1 =a)p=) (9} = (1 - a))
where ¢ = W (> 0 so prices are positive) and
1 —(1l—a
l—eo
(P~ =05 (a+ (1 - a)p; )
l—eo 1
PS e2—1 _ ,191—62 a+(1-a T—e; ’
2 2 1
implying
€1—¢€2
o 1 — (1 —@at (=g a4 T - 1)
B 1-ep —€ 2 l1—eo 9
(a+(1_a)¢1761)(79} "= (1-a) (a+(1—a) 11751)
Term 1 = (1= a)ed, (1 - 6)¢% + (I—a)ady (1 - 6)¢€11::12 at2(1 4+ 11%)(e2 — 1)

(a +(1— a)d)i:%) (19}761 —(1- a))2 (a +(1— a)¢i%?)2(19%761 -(1- a,))2
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€ €1 —¢

ST e — 1o

Term 1 = i = o
at(1-a)p=1  (a+(1-a)pT1)

Term 1 = ¢f' (€1, €2) + (2 — )5 (€1, €2),

where 9! (€1, €2) and b5 (€1, €2) are positive and non-linear functions of €; and

€9.

Based on the last term, Term 1 is positive and increasing in ez (whenever
€ > 1), implying that larger flexibility of the downstream sector generates a
smaller increase in rents (downstream rents), from shrinking production more
given the shock to the supplier, compared to the Island economy. It is also the
case though that a larger downstream elasticity mitigates the price increase in
sector 2, which in turn mitigates the reduction in real wage due to the shock.
Nevertheless, the first effect dominates. It could be the case that the last term
becomes negative for sufficiently low e2. To analyze that possibility assume ez = 0.
In this case, Term 1 becomes

1

(a +(1—a)pl ) — a¥a(1 +115)

(1- a)aﬂl_q(zyliilq
; a-6) 1
T T T e RS

),

Term 1le,—0 =

1

(1- a)‘“91761‘151i71‘1 a(l=92(1+10%) + (1 —a)p, !

Term 1e,—0 = ) )7

; 1-9) :
(a+(1fa)¢ﬁ)(19i*€1 7(17(1))2 ( <a+(1—a) 117751>

which is still positive as long as a(1—92(1+II%)) > 0. This is the case whenever
sector 2 is reasonably constrained (¥ << 1).

The key difference with respect to the homogeneous elasticity case is that while
the term increases monotonically with €2 or e, it actually decreases with €¢;. In-
tuitively, a higher ¢; reduces the price increase of sector 1, which then implies a
lower increase in the marginal cost of the downstream sector, and then a smaller
increase in P,. With homogeneous elasticities, even when a higher elasticity miti-

gates shocks to the supplier (less price adjustment and more quantity adjustment),
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it also amplifies the response of the downstream sector (larger reduction in rents
and, therefore, income to the household). The latter effect does not exist when
we only change e; and keep €y fixed. In other words, it is the higher elasticity
of the downstream sector, not the upstream sector, that amplifies the aggregate
effects from distortions in Term 1. In any case, with a larger common elasticity,
it is more likely that, through this term, the JOM > 0 and the Star supplier
amplifies shocks to sector 1. With heterogeneous elasticities, a high e and a low

€1 imply TOM > 0, all else equal.

We now analyze Term 2
Term 2 = —ae 95 P! [(1+ I1%)sy — (1 + I17)s!]

Term 2 = —611#{2(61, €2),

in which 1/1{2(61, €2) is positive and non-linear function of ¢; and ez. Term 2 is

1

B Ba(PP)2(Py)2 9% (1 — a)

negative as s7 is larger than s, s¥ = 1= (1= a0 + — (-

sf 57250

while II® ~ T’ . Through this, when sector 1 is slightly constraineld (01 = 1),a
shock to sector 1 is mitigated in the star supplier economy, more so the higher €;.
Intuitively, if € = 0 this term is irrelevant because the distorted sector in both
networks is optimally not changing its production plan (M, L). When €; > 0 in
the Star supplier economy, a larger fraction of the economy is better able to cou-
ple with the shock. However, when sector 1 is heavily distorted, this term shrinks
when € is larger, and larger than 1. Thus, when the distortion is severe, the

composition effect dominates the relocation effect, and the Star supplier economy

displays a larger reduction in real GDP, all else equal.

Term 3 is

S0P

Term 3 = —a(e; — 1)V7 Py 9,

[(1+11%)s7 — (1 +1T7)s]]

),
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Term 3 = (¢ — 1)’¢§3(61, €2).

where 13(e1, €2) is positive and non-linear function of ¢; and e;. Term 3 is

positive when €; > 1 (as s7 > sf

and g—gi < 0 ), but negative when ¢; < 1.
Here a higher elasticity amplifies further (if 1 < €; < € and distortion is not
too tight). This effect is not the direct effect on P, as that is the same for both
networks, but it is the effect on sector 1’s rents. When the distorted sector is
very flexible, it optimally shrinks more, reducing households rents (a function of
revenue). However, g—g is less negative the larger €¢;. When the distortion is
initially very tight, or the elasticity very large, a further increase in the elasticity

reduces the value Term 3. A larger ¢; also reduces the value of %'

Term 4 is
€ €1— 655 881
Term 4 = —ad PP (14 115) 21— (1) 221,
PS\l—e2(pSyea—1lge2(1 _
where we use the fact that 3*19 = B — + Pa(PY) (7) ?2 ( a)
1—(1-a)dy 1— (1 —a)o¢
si 5152>0
to obtain
Osl  0sp? ost
— 7961pe1—1 1 HS Yo1 1 (1 HI asy
avy Iy [( + )(8191+(9191) (14 )8191]
—aﬁqpel_l [(HS — ]'[I)ais{ + (1 + HS)anZ]
. 8191 8191 ’

Sa

I ‘1=
951 _ (115 — HI)M ~ 0. Regarding the term %ST}I,

S 1
where (II° —II") 551 = U agT ~

we have

s, _ Ba(PP) 72 (PY) =192 (1 — a)

T 1—(1— a0 ’
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in which

a

s :¢17
99— (1-a)

(Pf)—a =

-1

(PQS)l—eQz :mg;Qz + (1 _ a)é’;QQ_ )) l—eq; _ 19;92—1 (a + (1 — a) 11_61 )’

implying
l—eg
1—e
Sy _ Bagy a1 —a)
51 - l—eg 7
1—e
(1-(1-a)Wf)(a+(1—a)p, ")
1—eo eg—1
057 __ a1 Pl parr 1 - o) B
091 2 1762
(1—(1—@1951) (a+(1—a)p; 1)
ﬂ,l
9o (1 — 15 1961 I—er (1 _ T—e
SRS s PV R L
Q-1 -awWM)(a+(1—a)p, )
1— eg—1 2=(c1te2)
Y2(1 — a)2a1*€1 6219 €1 (191 T (1- a)) =1 ¢y I—e1
—(e2—1) e -
(1-(1-a) 1961)((1+(17a)¢1 ‘1)
1—ey L eg—1
ﬁ —o ¥2(1 —a)?al—=1 B9t (191761 —(1- a)) 1—ey
8191 l—eg

eq—1 2=(e1+ea)

(17(17a)1961) (a+(1—a)p, ")

ea—1 l-egy ea—1
+(e2—1)[ﬁ2(1—a)a = Body (9] —(1—a)) T _92(1-a)’a’" Bt (9] —(1—a) T, ) ]
l—eo 1—eg I
(1—(1—a)d) (a+(1—a)p, ) (1—(1—-a)d) (a+(1—a)p, *)°
1—ep eg—1
ﬁ:elﬂ (17(1)20‘1 ‘1 521961 1(§1 B (170‘)) 1—a
EX) I
! (1—1—a)W)(a+1—a)p, )
1—eq Lral 2—§€1+‘2)
92(1 — a)B29] “Ftal-1 e 2=l 1—a)a (9 P = (1—a))p,
e T R [

(1-1—-a)w)(a+Q—a)p; ) (a+(1—a)p, ")
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ﬁ el Pa(1 — a)%%ﬁﬂsl‘l(ﬁ}‘“ - (1= a))%
Y 1-<2
! (1= (1-a)9) 2@+ (1—a)p, 1)
—€1 }:ﬁ —1 —1 2756*1:;52)
e[RRI T e (g B [ - Lo (@00,
(1-(1-a)7)(a+ (1 —a)p; ) (a+(1-a)g; ™)
08 __ sl —a)aT paop i — (- a) R
99 1-<2
! (1-(1—a)w)(a+1—a)p; )
2— (61+€2) 1
95(1 — a)fpdy Pl e 2l l—a)g,
e =) [ T ) B ]
1-Q1-a)9)(a+(1—a)p; ") (a+ (1 —a)p;, ")
—€ eg—1
055 __ (1~ a)%aT B (9174 — (1 a)) e
39 1-<2
! 1-(1—a)d)2(a+(1-a)p
1 1
1—ep l—eo
92(1— a)Bpd aT s e =1 1—a)¢,
+(€2_1)[ 2(1 —a)B2 = (0 — (1 —a)) T2t 1] [1_ (1-a) =)
1-Q1-a)9)(a+(1—a)p; ") (a+ (1 —a)p;, )
1—e eg—1
o5 __ da(l—apai=h o0 (9] — (1—a)) T
39 1=<2
! (1—(1—-a)d)(a+(1—a)p, )
>0
g
B2(1 — a)Bad] LaT * c1tep—2
+(6271)[ a( a)B29; “a ! — (19%7617(1700) T—ey ][ @ T ],
(1= -api')(a+1-a)p; ") (a+@—a)p, ")
>0

Recall that
dsy

Term 4 ~ —ad$ P~ (1 + HS)&T’
1

implying
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Term 4 ~ —617/)54(61, 62) - (62 - 1)w§4(617 62)5

where 1 (e1, e2), Wit (€1, €2), 954 (€1, €2) are positive and non-linear functions of

€1 and €9

We can see that, given ez > 1, a larger ¢; makes Term 4 more negative. The
distorted sector shrinks more, which is bad for rents but good to relocate activity
to the less distorted sector. Given €;, a larger €2 also helps mitigating the effect of
the distortion as sector 1. This is because sector 2 will demand less intermediates

(it shrinks more), making the distorted sector smaller.

We can then rewrite the IOM as
TOM = ¥i (e1, €2)+(e2—1)¥5! (€1, €2)—e1pi?(e1, e2)+(e1—1) (P (e1, e2) —e1 ¥} (€1, €2) — (e2—1)¥b* (€1, €2),

TOM ~ i (e1,€2) + (e2 — 1) (5" (€1, €2) — b (1, €2)) — €1 (Y12 (€1, €2) + Y1 (1, €2)) + (€1 — D)} (€1, €2),

TOM m 91l (e1, e)twbt(er, en)— b (c1., eo) 913 (c1 ea)Fer (w3 (e1, e2)—wi2 (er. ea) —wi*(e1, en))bea (Wl (e1, ex)+ 910 (e1, en) —whH (e, e2)—w1P (1, e2))
TOM = 1 (e1, e2) — aler, €2) + e1 (3 (e, e2) — Yaler, €2)) + e2 (D5 (€1, €2) — P (e, €2))
where w;z and 1; are positive and non-linear functions of €; and €.

In a nutshell, depending on the exact heterogeneity in elasticities, and the sever-
ity of the distortion, the IOM can be positive (Star supplier amplifies distortions)

or negative (Star supplier mitigates distortions).

E.  Sectoral shock: homogeneous elasticity

Term 1

176@2
a o @ o Sy(es
12 e 2(15)(( +(1 )91 >+ ngH )(e2 1))7
(a+(1_a)¢ 1)(191 - (1-a)) (a—l—(l—a)(bf*te )

c1—ey
(1—a)ad] ¢ -1

Term 1 =
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becomes

(1— aya(1 — o< (a+ (1= a)g1 + ads(1+1%)(e — 1))
(97— (1-a))? (a+(1—a)¢1)2

Term le;=e, =

)

(1—-a)a(l—B)7(a+ (1 —a)¢1) ad2(1+115)(e — 1)
2 27
@ = (-a)(a+(-a)¢) (@1 —(1-0) (a+ 1 -a)s)

Term le;=ey =

(I—a)a(l-pB)v;°¢ n ad2(1+11%) (e — 1)
@ - -a)(at(-a)p) (@1 (1- a)?(a+ (1 - a)¢1)2

Term le; =, =

Term 1, —¢, = 2il(E) +(e—1) 52(€)>

in which ! > 0,1%? > 0 and depending on € in a non-linear way.

This term is positive and increasing in e (whenever e > 1 and Y2 << 1),
implying that larger flexibility generates a larger decline in rents (downstream
rents), from shrinking production more given the shock to the supplier. From
this term, a higher elasticity increases IOM and the star supplier amplifies shocks

compared to the Island.

Term 2 = —ae? ' Pf1 [(1+ I1%)s7 — (1 + Hl)sﬂ
Term 2 = —expt?(e),

in which ¥!? > 0 and depending on € in a non-linear way.

PS 1—e PS 671196 1—
Term 2 is negative as s7 is larger than s!, s{ = 1 (16_ )0 + Aol >1 _<(122 a)ﬁiz( @)
st sz >0

while TI° ~ I/ . Through this, when sector 1 is slightly constrained (91 ~ 1), a
shock to sector 1 is mitigated in the star supplier economy, more so the higher

€. Intuitively, if € = 0 this term is irrelevant because the distorted sector in both

),
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networks is optimally not changing its production plan (M, L). When € > 0 in the
Star supplier economy, a larger fraction of the economy is better able to couple
with the shock. However, when sector 1 is heavily distorted, this term shrinks
when € is large, and larger than 1. Thus, when the distortion is severe, the com-
position effect dominates the relocation effect, and the Star supplier economy

displays a larger reduction in real GDP, all else equal.

Term 3 is

0P,

Term 3 = —a(e — 1)97 P~ 59
1

[(1+11%)s7 — (1 +117)s]]

is positive when € > 1 (as s¥ > s{ and g—gi < 0 ), but negative when ¢;. Here a
higher elasticity amplifies further (if 1 < € < € and distortion is not too tight).
This effect is not the direct effect on Pj, as that is the same for both networks,
but it is the effect on sector 1’s rents. When the sectors are very flexible (so the
distorted sector is very flexible), it optimally shrinks more, reducing households
rents (a function of revenue). However, g—f;i is less negative the larger e. When

the distortion is initially very tight, or the elasticity very large, a further increase

in the elasticity reduces the value Term 3. A larger € also reduces the value of

Py
oY1 ”

Term 3 can be rewritten as
Term 3 = (e — 1)1 (e)

in which ¢! > 0 and depending on € in a non-linear way.

Term 4 is

S I
dsy 0s]

Term 4 = —ad{P{ ' [(1 +HS)619 (1 +H1)819 1,
1 1
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where we use the fact that sy =

obtain

where (TT°

we have

in which

(PP

(P5)'

implying

S
% =(1—¢)
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B BP0 —a)
(0]
1—(1—a)v; 1—(1-a)vS
s{ sf;;()
sl 052 st
. €1 pe1—1 1 HS 21 1 (1 HI o1
alp P+ (55, + By ) — A+ g,
—ad P (IS — Hf)a—S{ +(1+ HS)anQ]
1 99, 89,

T e— S2
- Hl)g—;ll = (1% — HI)% ~ 0. Regarding the term %91;1 ,

(Sa _ Bo(PY) T (PF)T15(1 — a)
! 1—(1—a)s ’

- a
9~ (1—a)

=a5 '+ (1 — a)ﬂ§_1<

:¢17

19}_5—a(1—a)) =057 (a+ (1~ a)1),

§52 _ Pop1Y2(1 — a)
1 (1— (1—a)19§1)(a+(1 —a)qbl)’

P2(1 — a)2a2B2191_€

v

(1—(1=-a)d5) @ =1 -a)’(a+(1—a)1)’

92(1 — a)2a 95! 9262(1 — a)ady ©

+ €
[(1 —(1—a)9$)(a+(1—a)ps) (@7 —(1— a))]

(1= (1 =a)99)*(a+ (1~ a)d)

97— (1 —a))]’
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o 0201~ aaseo” |
09, (1—(1—a)95)?(a+ (1 —a)pr) (917 = (1 - a))
+ (1 _ E)[ 7‘92(1 - (1)20,2['32191_6 _ 192,82(1 - a)aﬂl_e ]
(1-(1-a)p)@W < —(1-a)’(a+(1—a)p1)® (1—(1-a)d5)*(a+(1—a)p1)(Wi = (1-a)’
9sy :e[ d2(1 — a)?aBd " ]
oY, (1—(1—a)9$)*(a+ (1 —a)p1) (917 = (1 - a))
¥282(1 — a)avy € (1—a)a
+(1—e€ —1],
¢ (1= (1-a)95)?(a+ (1—a)gr) (97 — (1 —a)) [(1 —(1=a)05) 0 = (1-a)?(a+ (1 —a)ep) ]
o 9201~ aaseo” |
99, (1—(1—a)95)*(a+ (1 —a)p1) (917 = (1 - a))
92B2(1 — a)ady (1—a)a(l— (1 - a)vs)
+ 1—e€ -1 k]
( )(1—(1—a)ﬂi)Q(a—&-(l—a)dn)(ﬂ}_e—(l—a)) [(ﬁi_e—(l—a))z(a-l—(l—a)M) }
of [ 95(1 = a)%apa9; ! ]
99, (1—(1—a)9$)*(a+ (1 —a)p1) (917 — (1 - a))
Y282(1 — a)avy € (1—a)a(l—(1—a)vs)
+(1—¢€ 1—e -1 ’
‘ )(1(la)ﬁi)z(aﬂla)m)(ﬁie(1a))[(19}6(1a))2191“;91(1)) }
ds7 :6[ 92(1 — a)2afa95 ! ]
891 (1—(1—a)95)*(a+ (1 —a)p1) (917 = (1 - a))
Lo 92B2(1 — a)ad] [(1—a)a(1—(1—a)19;) B ]

S
9sy

(1—(1—a)5)?(a+1—a)p) (W —(1—a) (¥ = (1—a))ad) )

P2(1 — a)2aB29? }

a1 _6[(1 —(1—a)9$)(a+ (1 —a)p1) (917¢ = (1 — a))

9282(1 — a)ad] © (1-a)(1—=(1—-a)s) 71]

1—¢€
* ) 1-@1- a)ﬁ§)2(a + (1 —a)p1) (W7 — (1 —a)) [(79}*6 —(1—a))¥17)
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o | 040 oo |
991 (1—(1—a)95)?(a+ (1 —a)pr) (917 = (1 - a))

>0

9262(1 — a)avy © [(1 —a)(1—(1—a)d) - (W -1~ a))ﬁ}*ﬁ]
(1 —(1—a)d)* (a+ (1—a)pr) (917 — (1 —a)) (W = (1 —a)9;~°

>0 ><0

+(1-

)

S —a —(1—a)¥c ) — l—e_ —a 1—e
To figure out whether 2 819 >< 0 we look at the last term [(1 (1 (201)?)(1 (19)1) 1917(61 )0 } ,
1 —Wma))vy

which can be expressed as

l1-a)(1-=(1-a)—-(1-(1-a))
| ]
(1-(1-a) |

2

(1-a)a—a a(l—a—1) —a
{( 1—a)]: {(1—(1—;))}:{ a |=-a<o,

when (7 ~ 1). In this case, if € > 1, Term 4 is negative, implying a smaller,

potentially negative, IOM. This effect is smaller the larger the elasticity (as ¢
decreases with €). Now, term w3 could be positive if sector 97 << 1 is very
distorted. In that case, a large elasticity could imply that Term 4 is positive,
in which the Star supplier network amplifies shocks. However, this effect would
be mitigates by the fact that ¥J{ ~ 0 in this case. In both situations, a larger
elasticity would imply a smaller miitgation effect of the Star supplier, compared
to the Island economy, or a mild amplification effect in the Star supplier.

Recall that

D'
991

Term 4 ~ — a¥{P{~ (1 + I1°)

>0

Term 4 ~ —ept* — (1 — )bt

in which 9! and a non-linear function of €, while 1{! can be positive or negative

and it is a non-linear function of e.
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Putting Term 1, Term 2, Term 3, and Term 4 together yields:
TOM = i (e) + (e = 1)95* () — e (e) + (e — DY (e) — evhi'(€) — (1 — )¢5’ (e),

IOM = i (€) + (e = 1) (¥5*(e) + ¥ (€)) — e(Ui*(e) + w1 (e)) — (1 — )93 (e),
TOM = ' (€)= (5 () +41°(€)) =5 (€) +e (15 (€) +4T () +u5' (€)=’ () =11 ()
IOM = ¢1(€) = va(€) — P3(e) + €(ule) — ds(€) — ()

where P, g4,

12 t3 o+ are positive and non-linear functions of e. On the
other hand, 1* can be positive or negative depending on ¥; and € and it is a
non-linear function of e. Also, 1&1, 12)2, @54, 1215 are positive and non-linear functions
of €. On the other hand, 1[)3 is a non-linear function of € and can take positive or

negative values.

F.  Aggregate shock: homogeneous elasticity

PROOF PROPOSITION 5: AGGREGATE SHOCK:

In the homogeneous elasticity case we have

Pl—e — a
! vi=c—(1—a)’
Plfe — a
2 = —(1-a)’
o B
T (1= a)we
5 Pa
2T1-(1—a)r
(1411) = 1 _1—(1—a)196>1
- er. Qi1 _eqg,—1 _ _ e —
Zévzl a](,ﬁ;l}) Qj ZjQJ jijJ Y 9 (1 )’19
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For the star supplier we have

Plfe _ a
1 =€ —(1—a)’
1—e a
Py Sl — (1 —a)
s :51 + [2(1 — a)v*
L P AT
52 2527
(1+10) = 1 _1=(-aut
ZN aj(ﬁ;y)er Z;Qj—1P€Q]~—1Sj 9 — (1 _ a)ﬁe =

Jj=1

Note here that o(411)

38

a9~ < 0—a tighter distortion, lower ¥, increases rents from

distortions (think of increased mark-ups or rents from financial intermediary).

This effect is stronger the smaller the elasticity, as in that case firms adjust

production down less but prices increase more (1 PQ ).

To obtain the IOM we compute

e—1

e—1

dlog Ct 8 log P 8 log P _ _ aP. _, 8s P, _ _ _, 8s
= _ — (1 -2 (14 males +sqwe—L 4 L4 + sge +
81 ) 2 _(14+m) [ 1T P T p e L 9epEt Loy spoe 2 ped T tpsTl pyepsTt 2
EX) 29 EX) ER) EX) EX)
Real wage channel Rents channel
1 e—1
dlog C3 dlog P dlog P _ _ aPf _ _ _
- 81 1 7(17ﬂ1)727(1+n)a[53119‘ Lpe=1l g9 Z1 4 gepe=1 200 o pe @2 4 o9 lps Y
ER) EY) ) 1 EY)
Real wage channel Rents channel
Implying

opst sl 9s? ops!
_ e—1 pe—1 € 1 e pe—1 1 1
IOM = (1+H)a[619 Pt As 0 59 As1+9°Pf (7819 =

oY

)+ —2— Aso+ed 1P Asg 9 PS !

where As; = st — sf. We now use the fact that P = P, in both networks to

J
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obtain

ope1 st 9s? Osi
Asy+Asg)+9°Pf (- ) +v P 22|,
(D1 Asa) 40 P{ (S = Sy Ry 2

TOM = (14+M)a[ed " P<=} (As1 + Aso) +9° 30

using the solution for sectoral sales, we can easily show that As; = —Ass,

which implies that

IOM = (1 + M)a |9 P (L - L 4

ost 0sy (‘3s§)]
90 09 99l

in which (% - % + %) = 0, implying

IOM = (1 +I)a 196136—1(?,;91 = (?;91 + %ﬁ;

)| =o.

Thus, we have shown that when e; = €5 the Star supplier economy is isomorphic

to the Island economy.

G. Aggregate shock: heterogeneous elasticity

We now study the heterogeneous elasticities case. We have in the Island econ-

omy

a
I
1—¢ a
B =ya iy
s = b1
1—(1—a)9e
. B

T1-(1—a)pe’
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and in the Star supplier economy

1—eq a
P = :
—(1—a)
1—€Q2 1

Ty
Py :% (a +(1—-a) (791_6@1 j T a)> 1= ) =<y

b1 ﬁ2¢t7219(1 —a)
1—(1—-a)9a (1_(1_a)2961)(a+(1—a)¢%)

S1 =

S92 =[32

To obtain the IOM we compute

35

)

dlog cl dlog Py dlog P4
= —p1 — B2
ER) EE) 99
Real wage channel
€1—1 I Tyeg—1 I
_ ap;l _10s a(pPlye2 s
—(+rhyalepsfocr TR oo Ly perpra Tt L +s£19‘27< 2 +shegueaTl(plye2 1 poca(pye2 1 T2 ]
X X 99 EX)
Rents channel
dlog C3 dlog Py dlog Py
= —B1 — Ba
a9 29 a9

Real wage channel

-1 S o(pSyea—1
- ops1 _10s a(Py)€2
,(1+Hs)a[515f’051*1p1€1 1+S‘13795117+7951p151 171+S2S,952L
e} o9

a9

s —1,,5 e5—1
+ 55 egu27 (P2 ]

Rents channel

eg—1
Using the fact that % = P%%, that (B)PQT = (g — 1)P§2_2%,

sg =1 — [, we reorganize the IOM as follows

and that
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Olog PQS

1OM = (1—B)(l+a19€2(P25)€2_1(1+HS)(62—1))

Term 1

—aer9 1T P T [(1 4+ 1) s — (14 11T)sd ]

Term 2

_, 0P
—a®! (e — 1) P{1 2871 [(1+11%)s7 — (1 +117)s])

Term 3
I
0sy

€1 pe1—1 S 8Sf I
—a¥ TP T [(14+ 1T )67—(14-1_[ )819]

Term 4

—e292 T (1 11%)s3 (PF) 21 — (1 4+ 117)s§ (Py)2 Y]

Term 5
Iaol
0s5

1 HS 9€2 PI ea—1
(1 + TS0 (P2 22

Term 6

Term 1

opyQlosty | (1-B0Py (181 P po (- Q)ad— T 9L
! o B P o P g 2 (191—51 _ (1 _ CL))2

(1-— a)m?_q_lgbell—_:f
(9t — (1 - a))2

dlog P,  (1-p1)
o9

—(1=5) + (1= p)p

Term 1 = ¢ (€1, €2) + (€2 — 1)1ph! (€1, €2),

in which ! (€1, e2) and i (€1, €9) are positive and non-linear functions of €;

and €.

Term 2
Term 2 = —aey ~1 P11 [(1+ I1%)sy — (1+ HI)sﬂ
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t2
Term 2 = —e197° (€1, €2),

in which 1/{2 > 0 and a non-linear function of €1 and es.

Term 3 is

0P,

Term 3 = —a(e; — 1)9 P~ 50

[(1+T11%)s7 — (1 +117)s]]

Term 3 = (61 - 1)1/){3(61, 62).

where 913 (e, €2) is positive and non-linear function of €; and ea.

Let us compute Term 4

S I
Osl  0s7? s
€1 pe1—1 S 1 1 o I 1
—ad PP (14 11%) (S ) — (L1172
09 09 09
I s 52
1 0s
—a¥ Py (118 —mH 8L L4 ZL L],
09 09
I 881 Ihei(l—a)Br91— 8552
where (II¥ — II') 21 = (II° — 1 )W ~ 0. Regarding the term —}-,
we have
1—ey
1—e
Ss B2y P O(1—a)
17 = T—ep
(1-(1—-aywa)(a+(1—a)p, )
1—eg 1-eo
855 (1—a)e; 1y (1 —a)2¢, 1 gyocl
20 T—e; T €1 T—ey
(1— (=)o) (a+ (1 —a)p, 2) (1—(-a)01)2 @+ 1 —a)g; 1)
—e €1 tex—2 €1 —€ eo—1 2—(e1ten)
ol=e1(1 — a)ai_sf Bo (91 7€ — (1 —a)) 11+—521 9l—e1(1 — a)2a11_7€12 Bo(¥17€ — (1 —a)) 12—61 b 1_1‘1 :
- -e)f = |+a-e] =
(1= = a)yo€)(a+ (1 —a)g] 1) (1-a-aw)(at-ag 1)
1—ey 1—ey
855 (1—a)e, 18y (1 —a)2¢, 1 gyoc1
a0 i Tel 1—ep
(1= =)o) (a+ (1 —a)e, 2) (1—(1=a)p )2+ 1 —a)é, 1)
€1 —eo eg—1 2— §€1+62) 1—eo e1+eg—2
9171 (1 — a)2a 17€1 py(9l=€ — (1 a)) T €1 & —e1 O1=€1(1 — a)a 1= €1 By (91 =€ — (1 — a)) 1-¢1
+ (1 — 62){ T—cp - T—co }

(- -awe)(a+a-ag/ 1) (G- =)+ @—a9 )



AMERICAN ECONOMIC JOURNAL

2021

38
1—ey 1—ey
057 (1 —a)p, “Lgy (1—a)2p, L gyoc1
09y e T T-c3
(1= (1 —a)01)(a+ (1 —a)e, 2) (1—(1-a)01)2(a+ (1 —a)g; 1)
l—en eg—1 2*<1€1+€2)
,01—61(170‘)(11—61 ﬂ2(191_€7(1—a))1_€1 (17(}.)a71¢ —e€7 B B
1 e2) D = -Gl a7,
(- —a)p9)(a+(1—a)ys; 1) (a+ (1 —aye, L)
l—eo l—ep
as¥ (1—a)e; 1 p, . (1—a)2¢] 1 pyoc1
o0 T—e; 1 T—es
(1= (1—a)9cl)(a+ (1 — a)¢117€2 ) 1-@1-a)91)2(a+ (1 - a)‘f’11761 )
1—ey ep—1 2—(e1+ea)
171 (1 —a)aT 1 By (917 — (1 —a) T 1 [(1—a)a=le, 'L o1
+ (1 — e2) — — _nl
2 €2 a
(- —aoe)(at 1 —a); 1) (a+ (1 —a)p, 1)
l—eg l—eg
os7 (1—a)e; 18y (1—a)2¢, "1 gyoc1
Py T €1 T—cy
(1= =a)o)(a+1—a)e, 2) (1= =)o 1)2(a+(1—a)p, 1)
1—eg eg—1 2—(e1teg) 1-eg
91711 —a)a T By (917 —(1—a) T 1 [(1—a)e; T —glat@-a)e, L)
+ (1 —e2) T—cp T—co ’
(- —a)oe)(at 1 —a)e 1) (a+ (1 —a)e, “1)a
1—eg 1-eo
855 (1—a)e; 1y (1 —a)2¢, 1 gyocl
a0 =g T4 1-<2
(= (=)o) (a+ (1 —a)p, 2) (1— (-9 )2(a+(1—-a)e] 1)
1—eg eg—1 2—(ej+e2) 2—(ej+eg)
1711 —a)a Tl By (917 — (1 —a) T L [(1—a)p, L —pa—(1-a)s, L )
T (1 —e) T—ep T—ey ’
(1-a-awe)(a+a—ayg 1) (a4 (1 —a)e, L
1—ey 1—ey
os§ (1—a)p, Ly (1 —a)2¢] "1 gyoc1
o9 i T T-—cp
(1= (1 —a)d ) (at (1—a)p, 2) (1= (1—a)01)2(a+ (1 —a)g; 1)
1—ey eg—1
9171 (1 —a)al=€1 gy (w1 =€ — (1 —a)) €1 —¢a
+ (1 —e2) ey { ey }

(- —a)oe)(at 1 —a)p 1) (a+ (1 —a)e, “)a
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1—eo 1—ey

8 (1—a)p, L gy (1—a)2p, L gyoc1
00 i=e; 191 T—cp

A--a9 e+ @-a)e, ) (1A-1-a)0D)2(a+(1-a)e; 1)

>0 >0
l—eg eg—1
91 7€ (1 —a)a 7€l By (91 7€ — (1 —a)) 1 7€1 da
(e2 = 1) T—co T—cy
(1= =a@)(a+ @ —a)g 1) @+ -a)éy Da

>0

Recall that

Term 4 ~ —a?*' P~ (1 + I1°) 59"

implying

Term 4 ~ —eypi* (€1, €2) — (e — Db (€1, €2),

39

where 14(e1, €2) and Y& (1, €2) are positive and non-linear functions of ¢; and g

We have Term 5

Term 5 = —ey)2 ! [(1 + HS)Sg(PQS)Q_l —(1+ H])Sé(PQI)Q_l]

Term 5 = —621%5(61, €2),

in which 1% (€1, €2) is a non-linear function of €; and €3 and it could take positive

or negative values.

Term 6
S\ g€ 15—1355
Term 6 = (1 4 I1°)92(Py )% —=
0
¢ o 1—&1962715262
Term 6 = (1 + I1%)9<2 (Pf)< 1 ) 5

(1—(1—a)de=)

Term 6 = ea1)!%(e2),

where 1{%(e2) is positive and a non-linear function of es.



40 AMERICAN ECONOMIC JOURNAL 2021

Putting Term 1, Term 2, Term 3, Term 4, Term 5, and Term 6 together yields:
IOM = i (e1, €2)+(eca—1)5! (1, e2) —e19pi® (€1, €2)+(e1 —1)91> (e1, e2) —er ¥} (1, e2) —(e2—1)95" (e1, e2) —eat(® (e1, e2) 2}’ (e2),

TOM ~ Pt (1, €2)+(ea—1) (5" (€1, €2)— ¥ (e1, €2)) —e1 (Y12 (1, €2)+i* (e1, €2) ) +(e1— 1)U} (€1, e2) €2 (V1% (e2) —1h{® (€1, €2)),

IOM = 1 (e, €2) — ha(er, €2) + €1 (P (er, e2) — Yaler, e2)) + e2 (Y5 (en, €2) — do(e1, €2) — Yr(er, e2))

where it bt apt2 apt3 aptd aptd )6 are positive and non-linear functions of €;
and €. On the other hand, (e, €2) is a non-linear function of €; and e and it
could take positive or negative values. Also, ¢, s, V3,14, 15, 1) are positive and
non-linear functions of €; and e;. On the other hand, 17 is a non-linear function

of ¢; and e and it could take positive or negative values.
II. Additional Empirical Results
A. Spreads and Flexibility using statistically significant elasticity at 95% confidence

Table 1 shows that the same negative relationship between flexibility and spreads
holds when we define statistically significant point estimates based on the 95%

confidence rather than 90% confidence.
B. Spreads and Flexibility OLS Flasticities

Table 2 shows that similar results to Table ?? hold when we use our biased OLS
estimate grouping sectors by high and low flexibility. We see that high-flexibility
sectors experienced an increase in spreads that was 1.09 percentage points than

in low-flexibility sectors.
C. Complementary Evidence Using Firm-Level Data on Short Term Liquidity

In this Appendix, we use firm-level data to estimate the relationship between
production flexibility and short-term liquidity. We obtain firms’ working capital

(current assets - current liabilities) to sales ratio. We have a balanced panel
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TABLE 1—SPREADS AND FLEXIBILITY (95% CONFIDENCE)

(1) (2) (3) (4)

VARIABLES A Spread A Spread A Spread A Spread
ey -GR -0.342%%*
(0.117)

¢y - EBP -0.151%*

(0.068)
High ¢ - GR -1.486%**

(0.459)
High ¢ - EBP -0.744%%*
(0.243)

Observations 2917 2917 2,917 2917
Number of sector 53 53 53 53
Adjusted R-squared 0.434 0.435 0.436 0.440
Time FE Yes Yes Yes Yes
Sector FE Yes Yes Yes Yes

Note: sé)V is the IV estimate of sectoral elasticity. High E{QV is a dummy that takes the value of 1 for sectors with an elasticity
above median and the value of 0 otherwise. Standard errors presented in parentheses are clustered at the sector level. *, **, and
#*% denote significance at the 10%, 5%, and 1% levels, respectively.

2002q1-2015g4. We drop outliers (1% and 99% percentiles) in terms of sales
growth, working capital to sales growth, and leverage growth during the Great
Recession. The results in Table 4 show that high flexibility firms experienced
growth in their working capital to sales ratio that is 59 percentage points larger
than low flexibility firms. During the Great Recession, the average working capital
to sales ratio growth in the sample is -3.94%, the 1st percentile is -%228, the 99th
percentile is 862%, and the standard deviation is 533%.
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TABLE 2—SPREADS AND FLEXIBILITY OLS

VARIABLES

(1) (2)
A Spread A Spread

High 5" - GR

High €57 - EBP

~1.098*

(0.624)
-0.608*
(0.316)

Observations
Adjusted R-squared

2,917 2,917
0.433 0.437

Time FE
Sector FE

Yes Yes
Yes Yes

2021

Note: This table presents an OLS regression using the 4-quarters change in sectoral credit spread as the dependent variable.
The independent variables are sectoral sales, the value of property and plants, inventories, leverage (total debt divided by assets),
the excess bond premium (EBP), time fixed-effects, sector fixed-effect, the elasticity, the interaction between the elasticity and a
Great Recession dummy, and the interaction between the elasticity and the EBP. High eSE is a dummy that takes the value of

1 for sectors with an elasticity above median, and that takes the value of 0 otherwise. Standard errors presented in parentheses

are clustered at the sector level. *, ** and *** denote significance at the 10%, 5%, and 1% levels, respectively.
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TABLE 3—AVERAGE SPREADS AND FLEXIBILITY

(1) (2) (3) (4)

VARIABLES A Spread A Spread A Spread A Spread
ey -GR -0.343%%*
(0.115)
¢y - EBP -0.153%*
(0.067)
High ¢} - GR -1.147%*
(0.486)
High ¢ - EBP -0.603**
(0.238)
Observations 2,917 2917 2,917 2,917
Number of sector 53 53 53 93
Adjusted R-squared 0.525 0.526 0.524 0.527
Time FE Yes Yes Yes Yes
Sector FE Yes Yes Yes Yes

Note: This table presents an OLS regression using the four-quarter change in average sectoral credit
spreads as the dependent variable. The independent variables are sectoral sales, the value of property
and plants, inventories, leverage (total debt divided by assets), the excess bond premium (EBP), time
fixed-effects, sector fixed-effects, the estimates sectoral elasticity of substitution, the interaction between
the elasticity and a Great Recession dummy, and the interaction between the elasticity and the EBP.
eV are the IV estimates of sectoral elasticity in Table ??. High €.V is a dummy that takes the value of
1 for sectors with an elasticity above median and the value of 0 otherwise. Standard errors presented in
parentheses are clustered at the sector level. *, ** and *** denote significance at the 10%, 5%, and 1%
levels, respectively.
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(1) (2) (3) (4)
VARIABLES % AWCS % AWCS %AWCS %A WCS

V.GR 0.155%*
(0.063)
IV .EBP 0.052%*
(0.026)
High ¢} - GR 0.594**
(0.245)
High () - EBP 0.185*
(0.100)

Observations 82,998 82,998 82,998 82,998
Adjusted R-squared 0.002 0.002 0.002 0.002
Time FE Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes

TABLE 4—WORKING CAPITAL TO SALES (WCS) GROWTH AND FLEXIBILITY

Note: This table presents an OLS regression using firm-level working capital to sales ratio as the dependent variable. The
independent variables are sectoral sales, the value of property and plants, inventories, leverage (total debt divided by assets),
the excess bond premium (EBP), time fixed-effects, firm fixed-effects, the high elasticity dummy, the interaction between the
high elasticity dummy and a Great Recession dummy, and the interaction between the high elasticity dummy the EBP. Standard
errors presented in parentheses are clustered at the firm level. *, ** and *** denote significance at the 10%, 5%, and 1% levels,
respectively.



