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Abstract

Production networks shape the severity of financial crises by influencing how sec-
toral shocks propagate. We develop a small open economy model with intersectoral
linkages and an occasionally binding collateral constraint to study this mechanism.
In advanced economies, stronger linkages between tradable and non-tradable sectors
create input price adjustments that stabilize profits, reducing financial distress. In
contrast, weaker linkages in emerging markets amplify profit contractions, increasing
crisis severity. Using industry-level input-output data, we show that sectoral connec-
tivity systematically differs between emerging and advanced economies, reinforcing
its role in sudden stops. Our findings suggest that macroprudential policies should
consider production structures alongside financial vulnerabilities, as network connec-
tivity influences financial stability.
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1 Introduction

Financial crises occur more frequently and with greater severity in emerging markets
than in advanced economies (e.g., Calvo et al., 2006; Mendoza, 2010; Bianchi and Men-
doza, 2020). Episodes of sudden stops, where capital inflows abruptly dry up, often trig-
ger deep recessions and prolonged recoveries. The prevailing explanation in the litera-
ture attributes these disparities primarily to differences in financial development and the
volatility of external shocks. While these factors are undoubtedly important, they do not
fully account for the systematic variation in crisis severity across countries.

This paper highlights a neglected structural factor in the analysis of financial crises:
the role of production networks in amplifying or mitigating economic downturns.! We
argue that differences in intersectoral linkages—the degree to which firms in tradable and
non-tradable sectors depend on each other for intermediate inputs—play a critical role in
shaping the propagation and amplification of sectoral shocks. Specifically, in advanced
economies, tradable sector firms rely more extensively on inputs from non-tradable sec-
tors, creating a transmission mechanism that buffers the impact of adverse shocks. When
a sector experiences a negative productivity shock, its demand for inputs declines, low-
ering input prices and providing cost relief for other firms. This price adjustment acts
as an automatic stabilizer, reducing profit fluctuations and mitigating the likelihood of a
financial constraint becoming binding. In contrast, in economies with weaker intersec-
toral linkages—such as many emerging markets—this stabilizing force is weaker, leading
to sharper contractions in profits following sectoral downturns and more severe financial
crises.

To formalize this mechanism, we develop an analytical framework that integrates
production networks into a small open economy with an occasionally binding collat-
eral constraint. Our model features a two-sector structure, with both a tradable and a
non-tradable sector, where each sector uses the other’s output as an intermediate input.
This setup allows us to examine how intersectoral connectivity influences financial crisis
severity.

Using a perfect foresight framework similar to that of Mendoza (2005), we show that
network structure plays a critical role in shaping the economy’s response to sectoral
shocks. Specifically, we demonstrate that two economies with identical levels of finan-
cial development, but differing only in their production network structures, can exhibit

1Fadinger et al. (2022), McNerney et al. (2022), and Gloria et al. (2024) document how production net-
work heterogeneity accounts for income differences across countries. Miranda-Pinto (2021) and Miranda-
Pinto et al. (2023) emphasize how production network structures drive cross-country differences in output
volatility and skewness.



vastly different reactions to the same shock. In economies with strong intersectoral link-
ages, negative shocks trigger automatic stabilizers that dampen the overall economic im-
pact, while in economies with weaker linkages, shocks propagate more directly, leading
to deeper contractions and prolonged financial distress.

Beyond the theoretical model, we provide empirical evidence that sectoral connectiv-
ity differs systematically between emerging and advanced economies. Using industry-
level input-output data, we document that sectors in advanced economies are signifi-
cantly more interconnected, particularly in their use of each other’s intermediate goods.
This empirical finding is important because it suggests that production structure—not
just financial development or shock volatility—can explain why financial crises are more
severe in emerging markets. Our results imply that macroprudential policies should not
only focus on financial sector vulnerabilities but also account for the structure of produc-
tion networks as a determinant of financial stability.

Finally, as part of our ongoing work, we extend our analysis by developing a three-
sector dynamic stochastic general equilibrium (DSGE) model to quantitatively assess the
impact of sectoral connectivity on financial stability. This more detailed framework will
allow us to examine the effectiveness of macroprudential policy interventions across dif-
ferent network structures and provide insights into the role that production networks
play in shaping financial crises.

Our work contributes to two key strands of literature. First, we contribute to the sud-
den stops literature (e.g., Mendoza, 2010; Bianchi, 2011; Bianchi et al., 2016; Benigno et al.,
2013; Bianchi and Mendoza, 2020) by incorporating production networks into macroeco-
nomic models of financial crises. We demonstrate that differences in production archi-
tecture can significantly influence the severity of sudden stops.? Second, we contribute
to the literature on production networks and macroeconomic fluctuations (e.g., Horvath,
1998; Foerster et al., 2011; Acemoglu et al., 2012; Bigio and La’o, 2020; Bagaee and Farhi,
2019) by examining how borrowing constraints interact with intersectoral linkages in a
dynamic model of occasionally binding constraints. Our tractable framework provides
sharp predictions on the role of networks in mitigating or amplifying financial crises and
distinguishes between partial and general equilibrium effects.?

The rest of the paper is structured as follows. Section 2 presents our theoretical model,
outlining the key assumptions and mechanisms. Section 3 provides a numerical example

illustrating the role of production networks in financial crises. Section 4 presents empir-

ZRojas and Saffie (2022) study how non-homotheticities in demand affect the severity of sudden stops.
3Miranda-Pinto and Young (2022) analyze production networks and production flexibility in a static
model of occasionally binding sectoral collateral constraints.



ical evidence on sectoral connectivity in emerging and advanced economies. Section 5
describes the three-sector quantitative model, and Section 6 concludes with a discussion
of policy implications and future research directions.

2 Analytic Framework

We consider a canonical small open economy model with two goods: tradable and non-
tradables. Time is discrete and the horizon is infinite. The economy features a borrowing

constraint on the household’s side. We consider a deterministic setup.

2.1 Households

There is a continuum of identical households of measure one. They maximize the present

discounted value of utility:
Y Bu(ci(cl,cf)), where B € (0,1). (1)
t=0

Households consume both tradable and non-tradable goods according to the follow-

ing consumption aggregator:

ci(cN,ch) = <(1 — w) (et —|—a)(ctT)1’7>11'7 , where 7 € (0,00) and w € (0,1). (2)

They trade one-period non-state contingent bonds with exogenous price g and receive
flow income from firms’ profits in the tradable (nf\] ) and non-tradable sector (7'ctT ). The
budget constraint is then given by

pret +of +qbfy = + 1l +b}, 3)

where the left-hand side represents households’” consumption of non-tradable and trad-
able goods plus bond purchases. The right-hand side is households” income, which com-
bines profits and bond positions at the beginning of the period. All prices are denomi-
nated in units of tradable goods. Therefore, pY is the relative price of non-tradable goods.

Household face an occassionally binding borrowing constraint. More specifically,
households can borrow a up to a fraction x of their flow income, which is the sum of



total sectoral profits
aby > —x(m + 7). (4)

Optimality conditions. The first-order condition for non-tradable and tradable con-
sumption implies:

N (=) [\
o tze (Y :

Let u; > 0 be the Lagrange multiplier on the borrowing constraint. The first-order con-
dition for bond purchases implies the following Euler equation for tradable goods and

complementary slackness condition:

ur(t) = BR*ur(t+1) + us, (6)
it (qbfﬂ + () + ﬂ?)) =0, (7)

where ur(t) = a%(cit)aac—ct% and R* = ¢~ 1.

2.2 Firms

Our economy features production with no labor. Instead, sectors can use sectoral outputs
as inputs in production. This block generates a network structure in production. We now
describe each sector in turn.

2.2.1 Non-tradable Sector

The non-tradable sector operates according to the following technology
yN = ANzy(m%t)“%(m%)w, where a +a € [0,1), (8)

and AN = (af )t (a%)""% is a normalizing constant.
Firms’ profits are ¥ = pNyN — pN m%t — m],}]t The firms” problem is to maximize
profits subject to (8) taking p as given. The solution to this problem delivers the non-

tradable supply schedule:

1
OLN —an
y ) = (2N (p)e ) NF ©)



2.2.2 Tradable Sector

There is a continuum of identical firms in the tradable sector that operates according to

the following production function
yl = AthT(m%)“%(mIT\H)“I{I, where Y +al € [0,1), (10)

T T . ..
and AT = (al)~%r (a1 )~*N is a normalizing constant.
T N g

Firms’ profits are 7t/ = y] — pNmL, —mIL.. Tradable firms maximize profits subject

to (10) taking p as given. The solution to this problem delivers the tradable supply

schedule:

1

—al\ =TT
vl pY) = (2 (pN) v ) oot (a1

2.3 Competitive Equilibrium

Market clearing for non-tradables requires that demand for non-tradables equal supply:
¢t +myy gy = vy (12)

The aggregate resource constraint satisfies

of +mpy+mby =yl —qbf 1+ by (13)

2.4 Perfect Foresight Analysis.

For simplicity we set BR* = 1. We study a wealth-neutral shock to tradable productivity
(z]), large enough to make the borrowing constraint binding, triggering a sudden stop.
When the borrowing constraint binds gb},; = —« (7} + 7i]).

Under these assumptions, the model can be characterized by the following two curves:

T n
N C; 1-w
Py = < ) ( ) (PP Curve) (14)
TN D) e
ctT = KNrcf\](pf]; z{\]) + (14 KT)n;[(pf];z;‘r) + by (BB Curve), (15)
where
N T
Xt (1—ar)
=K — KT =K+ ,
N =K 1—al —al T 1—al —al,



N N Ny..N, N T T T\, T
o= (1 —ay—a7)pryy; m =1 —ar—ay)y;,

and output supplies (yN,y!) are given by equations (9) and (11) and non-tradable con-
sumption (c)) follows from the market clearing condition (12). For future reference, non-
tradable consumption can be expressed as a function of output supplies in both sectors

and the non-tradable price:

T N,. ZT
&N = (1— a)yN(pl;2N) — [ PiE) ”‘;;N ) (16)
t

The following proposition shows that the PP curve always slopes upward, irrespective
of the production network’s structure.
Proposition 1. The PP curve is upward-sloping in the space (cf, pN).
Proof. See Appendix A.1. O

The BB curve slope instead depends on the network structure. The following propo-

sition provides a characterization of this result for the general case:

Proposition 2. The BB curve slope depends on the network structure. If

ortlN ont
KNm oy T (1 xr) =55 >0,
Py op;’
N T
where ky = (K — (1_;&]—1@,)) and k7 = (k + ﬂ—ﬂg—N—“va))' then the BB curve is upward-sloping.
Otherwise, it is downward sloping.
Proof. See Appendix A.2. O

At the core of Proposition 2 is how tradable consumption responds to a change in non-

tradable price. This has two components: how tradable consumption react to (i) changes
omtN om]

in non-tradable profits <KNap_N> and (ii) to changes in tradable profits <(1 + KT)ap_N>'
t t

Changes in non-tradable profits in response to a decrease in the non-tradable price affect
tradable consumption in two ways. First, it tightens the borrowing constraint. This effect
is captured by x and it is the classical mechanism in sudden stop models. Second, the
non-tradable sector inputs” demand for tradable resources decreases. Given an amount of
tradable resources, this lower input demand increases tradable consumption by a% /(1 —
al — aY). Similarly, a lower non-tradable price increases profits in the tradable sector.
This relaxes the borrowing constraint by x and increases tradable production by a /(1 —

al —al}). Both mechanisms go in the same direction: they increase tradable consumption.
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Although profits affect household income directly, as in standard sudden stop mod-
els, intersectoral linkages alter how tradable consumption responds to profit changes. A
roundabout production structure (¢} = al, = 0) coincides exactly with an endowment
economy where non-tradable profit changes affect tradable consumption by xy = x and
tradable profits affect tradable consumption by x7 = «. Thus, intermediate inputs with-
out intersectoral linkages do not affect any of the predictions of standard sudden stop
models or the slope of the BB curve. They only affect how profits react to changes in the
non-tradable price. In contrast, intersectoral linkages are key for how changes in profits
affect tradable consumption. In an extreme case, strong intersectoral connections can po-
tentially change the sign of the BB curve slope: when a¥ > (1 — al)/(1 + «), the BB
curve slope is negative.

Figure 1 uses a numerical example to illustrate how different network structures can
shape the equilibrium relationships in the BB-PP space. We study four different network

structures:

4 (& & NTT a a

ense __ [2 2 «~I _ 12 2
ateme= |7 2| ONT=2 2,

12 2 a

Qdiagonal — & O] QOT<NT _ [[X O]

7 - o o 7

_O 14 5 3

where « is the total intermediate input share that we keep constant across specifications.
In the ()dense economy, the non-tradable sector (first row and column) and tradable sector
(second row and column) rely on each other in the same proportion. In the ()4138°nal cage,
each sector only uses intermediates from their same sector. In the QNT<T economy, the
non-tradable sector buys from the tradable sector, but the tradable sector does not use
non-tradable as an input. The QTNT economy does the opposite: the tradable sector
uses non-tradable as an input while the non-tradable does not use tradable as an input.
We normalize the initial equilibrium to be the same across models (cT, pN) = (1,1).

Figure 1 clearly shows that while the slope and shape of the BB curve (pink line) vary
significantly with the network structure, the PP curve (green line) is (almost) linear and
upward-sloping across the different network structures.*

We end this subsection with a general result. We establish that the non-tradable price
and tradable consumption unambiguously decline in response to a change in tradable

productivity:

“The PP curve is always increasing but can be convex or concave depending on the network structure.
In the region near the equilibrium, however, the PP curve is almost linear in the (c”, pV) space.



Proposition 3. Consider a wealth-neutral decline in tradable productivity starting from an equi-
librium where the borrowing constraint is marginally binding. The response of tradable consump-
tion and non-tradable price is

dlogc! N ,YT T
Tioor =K [(75+7E)(5§V—1)+ (N = 1)+ M) sny+—t] el >0
0g z; Pt n t
dlogp{" N T\ vt
—=1C(5 1 )eyf>o
dlothT ( t )+’Yf Zz’ =
where
N_ Ny (L) 5N — (1 —af)y
g M e
N oy 1 Lo ay
2 1—0(%—0(1%]' zf 1—a%—o¢¥' pY 1—al—al’

T
IC and the term in brackets represent general equilibrium effects, and EZ L. represents the direct re-
t

N T
sponse of tradable output with respect to tradable productivity. ei v and 81;7 'y represent the elasticity

of non-tradable and tradable output to a change in the non-tradable price,t respectively.
Proof. See Appendix A.3. O

Proposition 3 characterizes our model’s rich general equilibrium interactions. While
the initial tradable productivity impulse consists simply of a change in tradable produc-
tion, ceteris paribus, this triggers general equilibrium responses of both the production
and consumption sides captured by K and the terms in brackets. Proposition 3 shows
that, although rich and, in principle, hard to compute, the effect always goes in the same
direction: a decline in tradable productivity reduces tradable consumption and the non-
tradable price.

Proposition 3 is general enough to sign the direction of tradable consumption and the
non-tradable price in a model with intersectoral linkages. It is a qualitative statement.
However, it does not allow us to say anything regarding its quantitative importance, nor
does it allow us to provide sharp predictions about the role of the network structure in
shaping these responses either qualitatively or quantitatively. To that end, we must make
further assumptions and we explore one of such cases in the next subsection. We can,

however, numerically explore how the same proportional change in tradable productivity



across models changes tradable consumption and non-tradable price. The dashed lines
in Figure 1 show BB and PP curves in response to a 10 percent decline in tradable pro-
ductivity. In all four panels, the decline in tradable productivity unambiguously declines
tradable consumption and the non-tradable price, as Proposition 3 showed.

Figure 1: PP and BB curves under different network structures
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Note: This figure depicts the PP and BB curves under different network scenarios. To generate these
figures we set # = 1.2035, the intermediate input share &« = 0.4 (consistent with the average emerging
market number), ¥ = 0.3 and by = —0.3. We assume w = 0.5 to focus on the role of the production network
structure.

24.1 The Role of the Non-Tradable Sector Linkages

We study a case that allows us to make sharp analytical predictions on the importance
of production linkages in shaping the sudden stop—as described by the response of non-

tradable price and tradable consumption to a productivity shock in the tradable sector.
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We consider the “non-tradable buys from tradable” network structure that we repeat
here to ease the exposition:

T

N N
ONTT _ [“N "‘T]
0 ar

Under this structure, the tradable sector only uses intermediate inputs from itself. The
non-tradable sector uses intermediates from itself and from the non-tradable sector. For
comparability, we must maintain the degree of returns to scale constant across economies.
Otherwise, the result would be partly driven by heterogeneity in the degree of decreasing

returns to scale across sectors. Hence, &N

=al +al and al = al the same for any given
economy, where &' is the degree of decreasing returns to scale for sectors i € {N, T}. In
what follows we call this the N economy.

We analyze how changes in a} and a} alter how the economy responds to shocks
to the tradable sector productivity (zT). We compare two economies. The Qdiagonal (1))
economy with al¥ (D) = 0, aN(D) = &V and the ONT<T (N) economy with &} (N) > 0,
aN(N) < al(D), and &V = alY(N) + aN(N).

The following proposition characterizes how the production network structure mat-
ters for the severity of the sudden stop on tradable consumption.

Proposition 4. Consider a decline in tradable productivity. Let B8 (G) and e"" (G) be the elas-
ticities of the BB curve and PP curve under a network G = {D, N} evaluated at the marginally
binding equilibrium. If

SBB N EBB D
7' (N) g _( 12P < |7 (D)3 _( ZZP ’
ePP(N) —e"(N) ePb(D) —"(D)
then
’dlog(CtT)Nﬂ—T - ‘dlog(ctT)Diagonal
dlogz] - dlogz]
and
‘dlog(pg\])NP_T - ‘dlog(pg\l)Diagonal
dlogz! - dlogz! '
Proof. See Appendix A.4 O

In other words, if the above condition is satisfied, the diagonal economy’s tradable

consumption and non-tradable price decline more than in the intersectoral economy.
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The intuition for this condition is that the two network examples affect the slope of
the BB and PP curves. As it can be clearly seen in panel (a) and (b) of Figure 1 for the
same 10 percent decline in tradable productivity, tradable consumption declines around
six percentage points more in the diagonal economy relative to the N economy. Moreover,
the non-tradable price also declines more in the diagonal case. Both results are consistent
with Proposition 4.

The slope of the PP curve changes with intersectoral linkages because non-tradable
supply becomes a function of the non-tradable price, affecting non-tradable consumption
in equilibrium, which is part of the PP curve. To see this, the non-tradable market clearing

conditions in each case are:

(D) = (1 —aN(D)y" (=" (D)),
M (N) = (1 - ay(N)y™ (2 (N), p").

This mechanism reduces the sensitivity of the non-tradable price to changes in tradable
consumption when the economy features intersectoral linkages.

We already discussed how intersectoral linkages change the slope of the BB curve in
Proposition 2. The benchmark case in the literature considers endowment economies
(Bianchi, 2011; Rojas and Saffie, 2022). These economies are a special case of ours. Indeed,
without production, our model collapses to ky = xr = «, ¥ = pNgN and ] = 7,
where a bar over a variable denotes that it is an endowment. It is not a surprise then that
panel (a) of Figure 1 is almost identical to these papers’ equilibrium characterization: an
increasing and convex PP curve and an increasing and linear BB curve.

Our BB curve highlights sectoral heterogeneity in the effective collateral constraint pa-
rameter faced by the household due to production heterogeneity. A connected economy
can mitigate the sudden stop as it displays a smaller decline in profits, which, through the
borrowing constraint, allows households to consume more tradables than in an island
economy. This is apparent when we look at panels (c) and (d) of Figure 1, where both
interconnected economies exhibit a smaller decline in tradable consumption and non-
tradable price than the diagonal economy. Moreover, note that whenever the tradable
sector buys inputs from the non-tradable sector, the PP curve shifts down in response to a
tradable productivity decline. A decrease in tradable productivity reduces tradable sector
input demand from the non-tradable sector, which increases non-tradable consumption
given non-tradable production (a downward shift in the PP curve). The figures make
clear that this shift is likely to be small, especially when compared to the BB curve shifts.

An avid reader would argue that intersectoral linkages are unnecessary to generate

12



heterogeneity in «’s across sectors: different decreasing returns to scale across sectors
would suffice. This statement is incorrect. Decreasing returns to scale affects how profits
respond to changes in non-tradable price, %. They do not affect how tradable consump-
tion reacts to changes in profits. Under decreasing returns to scale across sectors but no
intersectoral linkages, the parameters collapse to Xy = x and &t = x. Exactly as in the
endowment economy. With intersectoral linkages these parameters are sector-specific:
KN = K — Wya% and kT = x + #ﬁ_a%) As we show in the empirical section, inter-
sectoral connections via intermediate inputs are important across countries: ay and af,

are empirically relevant and largely differ across countries.

3 Numerical Analysis

In this section, we present a numerical analysis of our perfect foresight model. We cali-
brate the model’s network structure to reflect key characteristics of emerging economies,
as described in Section 4. Following the approach in Section 2.4, we begin by solving
for the equilibrium of different economies that face a marginally binding borrowing con-
straint. We examine four cases. The first is our baseline economy, where the two pro-
ductive sectors are interlinked. In the second case, we consider an economy in which the
tradable and nontradable sectors operate independently, meaning they do not use each
other’s inputs in production. The third and fourth cases are combinations of the first two,
where we consider an isolated tradable sector (only uses tradable input to produce), and
another where the isolated sector is the nontradable one.

Our goal is to use the simple model to showcase the role that different productive
structures play in the severity of Sudden Stops, which are events in which tradable pro-
ductivity collapses.” For our baseline case, we set 7 = 1.2035, 8 = R = 1/1.04, w = 0.3
and x = 0.3, following Bianchi (2011). Next, we set the share of tradable and nontradables
inputs of the tradables to be al. = 0.46 and al, = 0.1, respectively. For the nontradable
sector, we set al = 0.21 and a = 0.18. Lastly, we set zI = zN =1 for simplicity.

The parameters for the counterfactual economies are chosen as follows. In the case
where the two sectors operate independently, we set al. = 0.56 and al = 0.39. These
values ensure that the returns to scale in the corresponding production functions match

those of our benchmark economy. However, this parameter choice does not necessarily

SMore specifically, a Sudden Stop is an event where a wealth-neutral time-0 tradable productivity shock
occurs. Since the constraint is marginally binding before the shock is materialized, a decline in productivity
will lead to a binding borrowing constraint, causing the well-known Fisherian deflationary mechanism
characteristic of this family of models.
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guarantee that the equilibrium allocation of tradable consumption and the relative price
of nontradables remain the same across models. To address this, we calibrate tradable
and nontradable productivities to ensure that the initial consumption allocations and the
relative price of nontradables are consistent across economies.® The rest of the parameters
are identical to those of the benchmark economy.

The parametrization of the remaining two cases follows a similar process. For the
economy where the tradable sector does not use nontradable inputs in its production
function, we set oc% = 0.56, thT\, =0, oc¥ = 0.21 and oc% = 0.18. Lastly, we set zx% = 046,
al; = 0.10, a = 0 and alY = 0.39 for the economy where the nontradable sector does
not use tradable inputs in production. In both cases, we adjust tradable and nontradable
productivities to ensure that the initial consumption allocations and the relative price of
nontradables remain consistent with those of the baseline economy.

Next, we simulate Sudden Stops by introducing shocks to tradable productivity of
varying severity. Figure 2 presents our key results. Panel (a) shows the response of trad-
able consumption, while Panel (b) displays the relative price of nontradables—both mea-
sured relative to their initial steady-state allocations—as tradable productivity changes
across the four economies described above. The final panel presents the debt-to-GDP

ratio for each economy.”

By imposing the same tradable consumption and relative price of nontradables, we are left with a sys-
tem of two equations (the BB and PP curves) and two unknowns (tradable and nontradable productivities.

"Debt is measured relative to steady-state GDP. In our case, the debt-to-GDP ratio is approximately 30%,
aligning with long-run trends observed in several emerging economies (Lane and Milesi-Ferretti, 2017).
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Figure 2: Sudden Stops Across Different Production Structures
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The green solid line illustrates how the benchmark economy responds. The dashed
pink line corresponds to the case where the two sectors are independent of each other
(“Diagonal”). The dark blue dash-dotted line depicts the economy in which only the
nontradable sector uses both tradable and nontradable inputs in production (“T No NT”),
while the dotted purple line represents the case where only the tradable sector incorpo-
rates both inputs (“NT No T”).

Consistent with the model’s theoretical predictions, sectoral linkages serve as a hedg-
ing mechanism against adverse productivity shocks. Specifically, when tradable produc-
tivity declines by 10%, tradable consumption in the baseline economy falls by approx-
imately 17%. In contrast, in the Diagonal economy—where sectors operate indepen-
dently—the same productivity decline leads to a collapse in tradable consumption of

nearly 40%, more than double the drop observed in the baseline case. Similar patterns
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emerge for the relative price of nontradables and the debt-to-GDP ratio, where the econ-
omy without sectoral linkages undergoes a much more severe deflationary spiral and
deleveraging process compared to the benchmark case.

What happens when we consider the hybrid cases? We see that when one of the two
sectors is not fully linked to the other (i.e. only uses inputs from one sector) we have
amplification relative to the baseline economy (T-No-NT and NT-No-T cases) in the re-
sponses to tradable productivity declines, but these are substantially milder than the case
with no linkages. It is worth noting that for this particular parametrization, the economy
where the nontradable sector does not use the tradable good as input is the one that tends
to exhibit worse hedging properties (still substantially better than the fully disconnected
case).

These results show that the shape of the production structure of the economy can
provide substantial attenuation (or amplification) during Sudden Stops. Additionally,
these amplification of attenuation effects are nonlinear in the size of shocks: for mild
shocks the gaps in responses tend to be relatively smaller than when shocks are large.

4 Stylized facts

In this section, we provide simple descriptive statistics on the network structure of tradable—
commodity and non-commodity tradables—and non-tradable sectors in advanced and
emerging economies. We use the sample of countries in Bianchi and Mendoza (2020) and
use OECD input-output data release 2021. Our definition of tradable and non-tradable
sectors is based on sectoral gross trade intensity. Sectors with a ratio of gross trade to
gross output above 20% are classified as tradable sectors. Here, we consider the average
ratio across countries so we maintain the same group of sectors for all countries. Table 2

provides a detailed classification. All our numbers below are based on year 2018.

4.1 Commodities, Tradables, Non-Tradables Linkages

Here, we present three facts on sectoral linkages across emerging and advanced economies.
For a particular sector i and country k we measure the input share from sector j as the ra-
tio between the purchases of intermediates p;m;; over total gross output p;y;. We consider
domestic and imported intermediates in our measure, but similar results hold if we only
use domestic intermediates. Table 1 provides the average linkages among sectors for

emerging and advanced economies. Three main facts emerge.
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Fact 1 In advanced economies, the commodity sector is less connected, as a sup-
plier,to the rest of the economy.

Fact 2 In advanced economies, the tradable sector is less connected, as a supplier, to
the non-tradable sector.

Fact 3 In advanced economies, the non-tradable sector, as a supplier, is more con-

nected to the rest of the sectors of the economy.

Table 1: Average Intermediate Input Shares: Emerging and Advanced

@) 2) ®)
Emerging Advanced % Difference
al 3468 32.60 -5.99%
ot 1719 13.51 -21.45%
a$  19.87 22.14 11.43%
ayr 1136 16.22 42.83%
aNT 1843 24.72 34.13%
aS;r 753 11.18 48.53%
al 1137 6.66 -41.44%
adT 461 1.55 -66.40%
as 2659 29.48 10.86%

Note: This table reports the average intermediate input share (in percentage points) for emerging

economies (column 1) and advanced economies (column 2). Column 3 reports the percent difference be-

tween advanced and emerging. aL, a}'T, a% represent the share of intermediate inputs from sector T in the

gross output of sector T, C, and NT, respectively.

To put these numbers into perspective, consider an off-the-shelf production network
model (e.g., Acemoglu et al., 2012). In these models, the Leontief inverse elements of a
supplier drive the aggregate effects of sectoral shocks. Besides input-output shares, we
consider average consumption shares of 4% , 19% , 77% consumption expenditure share
in commodities, tradable, and non-tradables. We keep them constant across economies
to evaluate the differences between production structures. The differences observed in
Table 1 imply that a 10% decrease in the TFP of the commodity sector generates a 1.36%
decline in advanced economies’ real GDP and a 2.25% decline in emerging economies.
These differences do not yet consider the main ingredients of our model: the household
borrowing constraint and its further interactions with production linkages. These dif-
ferences do not consider non-linearities generated from non-unitary consumption and
production elasticities (Bagaee and Farhi, 2019).

The next figures present the kernel density of intermediate input shares across emerg-

ing and advanced economies. Figure 3 plots the own sector intermediate input share.
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Advanced economies commodity sector and non-tradable sector are more connected to
itself than emerging economies. The tradable sector is, on average, more connected in
emerging countries, but mainly due to the large right tail. The median emerging country

and the median advanced country display a similar own tradable sector linkage.

Figure 3: Distribution of intermediate input shares from the same sector

(a) Commodities to Commodities (b) Tradable to Tradable (c) Non-Tradable to Non-Tradable
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Note: This figure shows the intermediate input usage from the same sector. Solid lines depict emerging
markets. Dashed lines depict advanced economies.
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Figure 4 shows the importance of commodity inputs in tradable and non-tradable

sectors’ production. There is a clear dominance in emerging economies in how important

commodity inputs are in the production of tradables and non-tradables.

Figure 4: Use of commodity inputs by tradables and non-tradable sectors
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Note: This figure shows the intermediate input usage of commodities by the tradable and non-tradable
sectors. Solid lines depict emerging markets. Dashed lines depict advanced economies.
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The results in Figure 5 highlight a clear heterogeneity in the production structure of
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commodity sectors and non-tradable sectors in emerging vs. advanced economies. While
commodity sectors in advanced economies use a larger share of tradable inputs, com-
pared to emerging economies, this is not the case for non-tradable sectors. Non-tradable
sectors in emerging countries use a significantly larger share of intermediates from the

tradable sector compared to advanced economies.

Figure 5: Use of tradable inputs by commodity and non-tradable sectors

(a) Tradable to Commodities (b) Tradable to Non-Tradable
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Note: This figure shows the intermediate input usage of tradables by the commodity and non-tradable

sector. Solid lines depict emerging markets. Dashed lines depict advanced economies.

Finally, Figure 6 shows that the commodity sector and the tradable sector in advanced
economies use a significantly larger share of inputs from the non-tradable sector, com-

pared to emerging economies.
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Figure 6: Use of non-tradable inputs by commodities and tradable sectors

(a) Non-Tradable to Commodities (b) Non-Tradable to Tradable
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Note: This figure shows the intermediate input usage of non-tradable by the commodity and tradable
sector. Solid lines depict emerging markets. Dashed lines depict advanced economies.

5 Quantitative Model

This section extends the simple 2-sector model studied in Section 2.4 so that it can cap-
ture the differences in the cross-country production structures documented in Section 4.
The quantitative model extends the simple framework by allowing for two different trad-
able goods: a commodity good where the price is fully exogenous, and a differentiated
tradable good where the country faces a demand with finite elasticity. The model is also

dynamic and features aggregate risk fueled by sector-specific shocks.

5.1 Households

The representative household maximizes the present discounted value of utility:

g iﬁtu(ct)] , where B € (0,1). (17)
£=0

The household consumes a tradable basket and a non-tradable good according to the

following consumption aggregator:

et = (1= @) (@)1 + (1), (19
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where ¢! is a composite tradable good, which is defined by

1
cf = [wr(e) ™+ (1 —wr)() T (19
where c¢¢ is a commodity tradable good and ¢ is a non-commodity tradable good.® Both
tradable goods are produced domestically and can be exported. The household trades
one-period non-state contingent bonds with exogenous price g and receives flow income
from firms’ profits in the tradable (7'(,5C and 7TtX) sectors and the non-tradable sector (nf\] ).
The budget constraint is then given by:

peN + pick + pie + qbj = T + f + S+ b, (20)

where the left-hand side represents households’” consumption of non-tradable and trad-
able goods plus bond purchases. The right-hand side is the income of the household,
which combines profits and bond positions at the beginning of the period. All prices are
denominated in units of the commodity good, which is the numeraire. Therefore, pX and
pN are the relative price of non-commodity and non-tradable goods.

The household faces an occasionally binding borrowing constraint. More specifically,
households can borrow a up to a fraction « of their flow income, which is the sum of total
sectoral profits

gbiq > —x(N + 7& + 7). (21)

Finally, there is a foreign demand for the non-commodity good. Similarly to Benguria
et al. (2024) and Saffie et al. (2020), we assume that the foreign demand for the differen-
tiated tradable good has the same price elasticity as the domestic demand. The size of
foreign demand is parametrized by the demand shifter I'. Then, the domestic demand for
the non-commodity good is

X\ “ir
cf =(1- wT)% (p—tT> ' c;f, (22)
Pt
the foreign demand is

1

XN\ Tt
X =T (”—fT) » (23)

Pi

8To simplify notation, we denote the state contingent consumption plan by c; instead of c(s). The same
abuse of notation is applied to other variables.
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and the market clearing requires:
e+ = yi = Y m (24)
i

5.2 Production Structure

The production of each good i € {C, X, N} uses intermediate goods from every sector. In

particular,
vi = Zi(miy )N (i )X ()¢, where aty + oy +af € [0,1), (25)

and z! is a sector specific productivity shock that follows an AR(1) with persistence p; and
dispersion ;. Firm profits are given by

Cc _ Cr...C \a$ /. C \aS/, C \aX C X, C N, C
Ty = omax oz (mN,t)“N(mx,t)“X(mc,f)“C — Mgy — Py — Pr My (26)
{mN,t'mX,t’mC,t}
X _ XX o/ X \aX/ X yaX X X, X N, X
{mN,t/mX,t'mC,t}
N _ N_N/ N \aN/ N \al/ N \a N N, N N, N
= max oppzy ()TN (my )X (mc )" —me, —ppmy, —prmyy  (28)

{m%,t’m%t’m(l}{t}

5.3 [Equilibrium Characterization

The equilibrium conditions of the representative households are the following;:

N . T Ui
p_t = 1 w _f (29)
(U C

1 — wT C
(—fx> (30)

Ci
uc(t) = g7 BE [uc(t+1)] + (31)
o+ =yf - me,t (32)
Ct —yt ZmNt (33)
cf +qbri1 =y — ch,t + by + pifef (34)

i

gbria > —x (7} + 7 + ) (35)
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nr
1 V]T—l 17T71

T |l 4 (1 = wp)ir (pX) 7 36
Pt w' + (1 —wr)'m(pi) (36)

where u¢(t) denotes the marginal utility of consumption of the commodity good in pe-
riod t, s represents the Lagrange multiplier of the borrowing constraint, and p/ corre-
sponds to the price index of the tradable composite.

5.4 Calibration and Quantitative Analysis

TBA

6 Conclusion and Future Work

This study highlights the crucial role of production network structures in shaping the
severity and propagation of financial crises. We show how intersectoral linkages in-
fluence collateral constraints and macroeconomic stability, offering a novel perspective
on the disparities between emerging and advanced economies. Our empirical findings
reinforce the idea that network structures, beyond traditional financial indicators, can
significantly impact the effectiveness of macroprudential policies. As part of our ongo-
ing work, we are developing a more comprehensive three-sector quantitative model to
turther quantify these effects and provide actionable insights into the design of optimal
macroprudential interventions. Our findings suggest that policymakers should consider

production network structures as a key factor in financial stability frameworks.
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Table 2: Sector Names and Definitions

Sector Name Definition
Agriculture, hunting, forestry Commodity
Fishing and aquaculture Commodity
Mining and quarrying, energy producing products Commodity
Mining and quarrying, non-energy producing products Commodity
Mining support service activities Tradable
Food products, beverages and tobacco Tradable
Textiles, textile products, leather and footwear Tradable
Wood and products of wood and cork Tradable
Paper products and printing Tradable
Coke and refined petroleum products Tradable
Chemical and chemical products Tradable
Pharmaceuticals, medicinal chemical and botanical products Tradable
Rubber and plastics products Tradable
Other non-metallic mineral products Tradable
Basic metals Commodity
Fabricated metal products Tradable
Computer, electronic and optical equipment Tradable
Electrical equipment Tradable
Machinery and equipment, nec Tradable
Motor vehicles, trailers and semi-trailers Tradable
Other transport equipment Tradable
Manufacturing nec; repair and installation of machinery Tradable

Electricity, gas, steam and air conditioning supply

Water supply; sewerage, waste management and remediation act.

Construction

Wholesale and retail trade; repair of motor vehicles
Land transport and transport via pipelines

Water transport

Air transport

Warehousing and support activities for transportation
Postal and courier activities

Accommodation and food service activities
Publishing, audiovisual and broadcasting activities
Telecommunications

IT and other information services

Financial and insurance activities

Real estate activities

Professional, scientific and technical activities
Administrative and support services

Public administration and defence; compulsory social security
Education

Human health and social work activities

Arts, entertainment and recreation

Other service activities

Non-Tradable
Non-Tradable
Non-Tradable
Tradable

Tradable

Tradable

Tradable

Tradable

Non-Tradable
Non-Tradable
Non-Tradable
Non-Tradable
Tradable

Non-Tradable
Non-Tradable
Non-Tradable
Non-Tradable
Non-Tradable
Non-Tradable
Non-Tradable
Non-Tradable
Non-Tradable
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A Proofs

A.1 Proof of Proposition 1

Totally differentiating the PP curve equation (14)
dlog pN = ydlogc’ —ndlogcl.

This delivers the solution

dlogp _ 71
dlogcel dlogc)' *
A 1+ dlog pt{\’
N
Since 7 > 0 it suffices to show that dloge, > 0, Differentiating the non-tradable market

dlogpy —
clearing condition

(1 — o)y ]
dlogcf\[ = %dlogyf} — “ITth%tciV (dlogytT — dlogpf]) ,

dlogcN _ (1—aN)y dlogyy a7 A (dlogytT —1) >0
dlog pyY e dlogpy  VpNeN \dlogp) o

L e dlogy¥ _ N4 _ N __ .N dlogy/ _ T T
which is positive since dhogpN = T /(1 —ay —arp) > 0and dlogpN ayn/(1—ag

ak;) < 0. This concludes the proof.

A.2 Proof of Proposition 2

Totally differentiating equation (15)
de? = knd N (pN; 2N) + (1 + xp)dr] (pN; 20). (37)

Since we are only allowing the non-tradable price and tradable consumption to change,

we have that

N
drN = aﬂdp?, (39)



T

dnl =
" opN

(39)

Replacing equation (38) and (39) in equation (37) and solving out for dpt / dct , we have

dpN 1
dz; - orN or] (40)
t KNW -+ (1 + KT)W

N T
Hence, the slope of the BB curve inherits the sign of KN% +(1+ KT)aL{V, as stated in
t

op;
Proposition 2. This concludes the proof.
A.3 Proof of Proposition 3

The proof involves several steps. For convenience, we rewrite the equilibrium system in

terms of outputs and prices below:

T U
N C 1-w
pr = ( ) ( ) (PP Curve) (41)
b\ pN N, A w
ef = (k1 —al — i) =) Ny (pl;2)
+ (k1 —ay —ar) + (L—a1))yi (p'52z{) + b (BB Curve), (42)

Define elasticities as ¢} = gy . Totally differentiating both curves, I get
810 y g &

dlog pN = 5(dlogc] —dlogcl) (43)
dlogc/ = 71 (dlog p}’ +dlogyy) + v/ dlogy/ (44)

We need to solve out d log yN,dlogy/,dlog cV. Since these are function of pN and (zN, z]),

we have

N N

dlogyN = ertNdlog pt + eZiNdlogz{\’ (45)
T T

dlogy! = ertNdlog pt + eZZleogth (46)
N N N

dlogcy = e;ftNdlog pN + eZNdlong’ + +82leog zf (47)
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Replacing into equations (43) and (44), we get
N N N
dlogc} = (%-+52N>(1kx;p5-+stdlogz§¥+szdlogz? (48)
t t
dtogel = ('(1-+e) +a7el ) dlog Y +aNelldlogzy + ol fdlogal. o)
t

For future reference, let

be the slope of the PP curve and

—1
B — ( N1+ >+vfsysv)

be the slope of the BB curve.

This system can be expressed as

(1 ey cN cN
1 (+<k) [dlogc;]{s% efT”dlogth] o

1 —(’h (1+s )—|—'yT y*) 'yf\]syf\f 'ythyfT dlogth

N
If % + S?N # (’yf\] (1+ si )+t e’ tN) , we can invert the matrix in the left-hand side and
t t

write it as
dlogc! dlogzN
& Ct _yp 8%t , (51)
dlogpN dlogz/
where
_ -1
)
n Pt
H = T
1—(ﬂﬂ+%)+ﬁ&0
CN
T 1 _('Yt(1+€ )—i-’YTyt) %—1—8’?‘2\[ ’
N
%“”N} - (W(Heyf )+f sy*N) -1 1
i Pt Pt
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captures the general equilibrium effects. The second matrix,

EC?’ E'Cg\]
_ @ A
N y t T ]/t

’Yt€N ’)’th

captures partial equilibrium effects. It considers the direct effects of tradable and non-
tradable productivity on the shifters of each curve. This represents shifts of both the PP
and BB curves. The general equilibrium effects can be thought of as movements along
each curve. This way of formulating the problem follows recent work in the heteroge-
neous agents literature; see, for example, Auclert et al. (2021), Wolf (2023), and Auclert et
al. (2024). We apply the same logic to a multi-sector context.

We can find an expression for 8;};, as a function of supply elasticities using the non-

tradable market clearing condition

N

T
iy = el + (1= M) — 1),
t Pt

where 6N = (1 —al)yN/cN and 1 — 6N = —(akyl/pN)/clN. Note that by construction
SN > 1. This is important to sign the determinant. Using this result, the determinant can

be written as

1 N
{ﬁejﬂ - (vi“(l + e )+7?eyx) oM+ (1- ) (el - 1)] - (%N(Hef;t >+'r?s%>

1 N
T AR 1)+(55—75)€i*y+(1—"r?—5fv)€f,§v
Now, notice that we know the following 7 € (0,0), ¥N € [0,1], 9/ > 0, 6N > 1,

T
Z’ ey > 0and s];tN < 0. For 7N we need a restriction that we discuss below. There-
t

N
fore, the determinant is positive since 77! — 4N + (6N —1) > 0, (6N — 4N )ei ‘v > 0 and
t
T
(11— 6N )sz; ‘v > 0. In what follows, let:
t

K= ! (52)

N
{%—Fe;fy} ('y (1—|—£ )—I—’y;‘rsytN)

31



We can now assess the effects of tradable productivity on tradable consumption and

the non-tradable price. The effect of tradable productivity on tradable consumption is

dlogcf Tyl Y (1, Ty
dlogth:K<_<% (1+8 )+,)/t£tN SZZT—i_ E+8;9t{\’ Vi €1

dlogc! 1
BY _k —(v?’<1+ei;>+w?s%)<l 5t>sT+(;+5?’e%+<1—cst><pt )ofef)
1 T T
- (M) eaTel) -+ (G o+ a-a)eh -1 ) of | )

N T T T
1+ )=o) — T (= e T+ (1 - AT (e 1)) )
v

dlogz!

I N
= [ elya- o)+ aNel - a - o + 2 o

==t - o) - (aFa - o) - o) el + 2]

t

dlogct

e [N Ty N N(sN Ve | i
s = [+l — 1)+ (NN~ 1)+ T el 4 ] > o

Hence, tradable consumption moves in the same direction as tradable productivity. For

the non-tradable price, we have:

dlogp%\]:lC( szt + 97 y*)dlogth

dlogpN = K <—(1 — 51t +7T yf) dlogzf
T

dlogpN = K (—(1 ) -|—fytT> EZ?dlogth

dlogp)¥ _ N T\ o}

dlogzT —’C<(5t _1)+’Yt)sztr >0

Hence, in response to a negative tradable productivity shock, non-tradable prices and

tradable consumption declines in this economy. This concludes the proof.
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Justification for vN € [0,1]. Note that the key objects in all the above expressions are

5N — (1—“1\]%”1{\’; (1—6N) = — Tyt/pt
Ct Ct
CENpNyY k(1 aly —af) — o))y
Y = Cz" - Cz"
T, T T
L L L R )
vi 1

T
o 1—al —al

We now justify why vN € [0,1]. For this to hold, it requires x(1 — al — af¥) —al¥ > 0.

What is this restriction? It turns out that this has a nice expression

k(1 —al —al)y —al >0

« “y
— (1-alN—al)
K> may
Ny (1 -y —af)
K > i = al
Ty

This restriction says that provided that « is larger than the expenditure of non-tradable
on tradables as a share of profits, then 'yf\’ > 0. Otherwise, it can be negative. This
happens for large values of Y. In other words, for v} > 0, we require the response of
tradable consumption to increase with changes in non-tradable profits. In an endowment
economy or an economy where the tradable sector does not buy from the non-tradable
sector, this is equivalent to assume that the BB curve is upward sloping, as we discussed
in Proposition 2.

Can N > 1? It cannot. Suppose it is

’Yt >1
(c(1— o} — ) — )iy _
T i

Ct
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(1 —ayy —a7) —ap)piys > ¢f

(e(1 — ey — o) = af)pi'yr’ > (e(1 = ay = af) —a)pply;’ + ((e(1 —aiy —ag) + (1 =
0> (k(1—ay —ar) + (1—ar)yi +ho,
which is a contradiction since (x(1 — al;, —al) + (1 —al))yl + by > 0.
Hence, 7N € [0,1] iff x > a¥.
A4 Proof of Proposition 4
To derive this expression, let us start again from the PP and BB curve general definitions:
T n
N C; 1-w
= ) (%) <53>
EERNCH IV w
cf =xnm (prsz) + (L4 xr) 7 (py2f) + bo (54)

Taking total differential with respect to both pN and ¢/, we get for the PP curve:

dlogc
dlogpy’ = ndloge; — 1= grf dlog py’
t
Define el'? = illo %g P as the elasticity of the PP curve, and so
elP — n
dlogcN
L+ dlog ptiv

Similarly, differentiate the BB curve with respect to ¢/ and pY to get

xnrtyN artN pN nl on] pN N
dlogcf = =~ L=t dl 1 T2 P gy
08 Ct CZ" apt 08 pt + (1 +xr) C;r apg\] 7_[ 08 Pt
N T
dlogcl = KN7TTt st\,dlogpf\] (1+KT)7T—€ Ndlogpf\]
c t

t C

N
dlogcl = 'yf\’szt;, dlog pN + ’y;‘rezt;,d log pN
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Using these results we can rewrite the general expression in equation (51) as

= yN

N N
dlogc] | —(B)t ()] [ e EZT dlogz)
dlogpN| (&)1 —(fP) -1 ~1 e : vle

}; dlogz]

Now, consider the case where dlogz] # 0and dlogz = 0. Then,

~ - - CN
aogd]_ 1 [t @ [ )
= - - T :
dlogpN (")~ — (efP) 7 -1 1 el
- - - Zt
_ - - N
dlogcT 1 —elp () e yt( ") tow T
= - - 08zt
dlogpN (er”) 1 — (efP) 7 —ezT + "ytTey‘T
L - - t

Therefore, the total effect on tradable consumption after a change in tradable productivity

is

dlogc! 1 Ty 1
legZiT:(SfP)‘l—(SfB)‘l( ET(Et e )

N
Under the diagonal and the diversified example, we have that sth = 0 since the tradable
t

sector does not directly demand from the non-tradable sector. For the same reason, we

v _ _ 1 _ 1 :
have that across the two economies: ¢ (I ) = SZ?(D) = 1500~ el ) Solving out,

dlogc! 1 7
gCT - (e PP)71 (8§B)71 ( f y ( ) )

dlogz,

g (il )1)
dlogz] — (ebP) : ’
dlogel _ Tt

= Y E 1
dlogzl =~ BB — PP 't
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Now, we wish to compare the two economies. For tradable consumption in the diversified

economy to react less than the island economy, we require

d IOg(Ct )NT%T - d log(cz")Diagonal
’ dlogz! - ' dlogz!
e/"(N) ! ’fB(D) :
s NN £ | e T (D)D)
P (V) (D)
= )| < e @)

evaluating at the initial marginal binding equilibrium delivers the result for tradable con-
sumption.

For non-tradable prices, we have

dlogpy _ 1 ATl
Slog=l ~ @@
legPt efPel” ooyt
dlogzl  oBB _ PP TtET

gzt & €

Evaluating both sides in both networks’ structure

‘ d log NT<—T

d log zF

- ‘dlog(pg\l)Diagonal
dlogz]
SfB(D)sltDP(D) T(D
7t (D)
e*(D) —&"(D)

eH(N)eP (V)
i )| <

7

which is a less stringent condition than that of tradable consumption since e/”(N) <

el?(D). This concludes the proof.
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