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Abstract

This paper studies linkage-specific fiscal policies in economies with input—output produc-
tion networks and link-level distortions. Using a tractable sufficient-statistics approach, it
derives closed-form expressions that map link-level interventions into equilibrium outcomes
across a broad set of fiscal instruments, including production, consumption, and factor subsi-
dies, as well as targeted government purchases. The analysis highlights a simple but powerful
empirical statistic for policy design—scale-to-efficiency—defined as the ratio of a linkage’s
efficient size relative to GDP to its realized size in the distorted allocation. The paper shows
analytically why this statistic is informative for subsidy targeting. For government-spending
shocks, the closed-form solution implies that spending multipliers are linear in a weighted
Leontief inverse, with cross-sector variation governed by factor-specific Leontief-inverse ex-
posures. Applying this approach to U.S. input—output data surrounding the COVID-19
shock, the paper shows that scale-to-efficiency performs strongly as an empirical guide for
subsidy targeting and that spending multipliers vary systematically with the structure of
factor markets.
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1 Introduction

Fiscal policy interventions deployed during economic crises are rarely uniform. Instead of relying
on broad, economy-wide tools, governments typically implement highly targeted measures that
operate at the level of specific sectors, activities, or buyer—seller links within production net-
works. During the COVID-19 pandemic, for example, policymakers introduced industry-specific
consumption subsidies, sector-targeted employment support programs, and large-scale govern-
ment procurement initiatives aimed at stabilizing fragile supply-chain relationships and sustain-
ing essential production. Similar recent interventions include China’s consumer subsidy programs
for vehicles and household durables, as well as the European Union’s energy subsidy schemes
directed at households and energy-intensive industries.

These policies are linkage-specific fiscal interventions: measures that condition on a particular
buyer—seller relationship or on a producer’s use of a specific input, rather than applying uniformly
at the level of a sector or final-demand node. A link-level policy targets the flow from one node
in the network to another; such nodes may be producers, households, government entities, or
factor suppliers. Although many policies are described in sectoral terms, their implementation
is often linkage-specific in practice. Examples include a consumption subsidy tied to purchases
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from designated producers by households, a factor subsidy applied to the flow of labor or cap-
ital to selected industries, a production subsidy triggered when one identified producer buys
from another, and government purchases directed to specific firms or contracts. In contrast,
node-level instruments—such as a sales tax, a uniform marginal-cost subsidy within a sector, an
economy-wide consumption subsidy, or a proportional increase in all components of government
demand—do not depend on the identity of the trading partner at the link level.

The core motivation for targeting fiscal policy at the link level is that distortions are highly
heterogeneous across individual buyer—seller relationships. Large shocks, such as supply-chain
disruptions, mandated shutdowns, or abrupt reallocations of private and public demand, can dis-
place the economy from its pre-crisis allocation in ways that uniform or proportional (node-level)
wedges cannot adequately capture. Even when the pre-crisis allocation is efficient, nonlinear in-
teractions in production networks can generate substantial misallocation following large shocks.
In these environments, targeted fiscal policy can raise real economic activity only if it acts on
the specific margins that shape shock propagation. This heterogeneity thus creates the central
policy design challenge: How should the government design linkage-specific fiscal interventions
in production networks with arbitrary distortions?

To address this question, I adopt a tractable analytical approach for studying linkage-specific
fiscal policy in production networks with arbitrary link-level pre-existing wedges. The approach
accommodates a broad class of fiscal instruments—including production, consumption, and factor
subsidies as well as targeted government purchases—and yields closed-form sufficient statistics
for evaluating these policies around a distorted steady state.

The analysis builds on the nonparametric production-network model of D. R. Bagaee & Farhi
(2020), which characterizes how Hicks-neutral productivity shocks and markup disturbances
propagate through distorted economies. This paper, however, applies the production-network
perspective to a different set of questions. Rather than analyzing the propagation of node-level
exogenous shocks, it adapts and extends the framework to fiscal-policy analysis at the level of
individual buyer—seller relationships. Addressing this problem requires two modeling ingredients
that are not central in existing shock-propagation approaches.

First, the framework treats government demand as a separate economic agent rather than embed-
ding public purchases within private consumption. This modification removes the representative-agent
structure and introduces additional propagation channels. These channels allow fiscal interven-
tions to interact with public demand and are essential for studying government-spending mul-
tipliers. Second, the framework incorporates distortions and policy instruments directly at the
level of specific input—output links. Using the cost duality of the production structure, together
with a tractable transformation of the underlying cost problems, I derive explicit nonparametric
expressions for the first-order responses of prices and Hicksian input demands in the presence
of linkage-specific distortions, productivity shocks, and policy interventions. These responses
form the essential building blocks for characterizing how consumption shares, factor shares, Do-
mar weights, and real output adjust throughout the network. The same derivations can also be
applied to demand shocks once a specific preference structure is specified.

By working directly with economically fundamental buyer—seller relationships, rather than intro-
ducing auxiliary constructs to represent distortions, the framework yields transparent mappings
from fiscal interventions to equilibrium outcomes. This direct approach produces closed-form suf-
ficient statistics for link-level policies, identifying which specific production relationships should
be subsidized, taxed, or supported through government purchases in order to restore efficiency
or stimulate economic activity.

In addition to the model-implied sufficient statistics, the link-level analysis motivates a second,
simple, yet highly informative measure: scale-to-efficiency. This statistic measures the ratio



between the optimal (efficient) size of a linkage relative to GDP and its realized size in the
distorted steady state. I show analytically why this measure is informative for subsidy design.
Conceptually, scale-to-efficiency compares the economic importance of a linkage in the efficient
allocation with its distorted counterpart, thereby pinpointing which links are “too small” or “too
large” relative to efficiency.

I contrast this statistic with distortion centrality, a measure inspired by Liu (2019) but defined

here as the ratio of efficient to distorted Domar weights. While distortion centrality is a useful

proxy in the environments studied by Liu (2019), where distortions resemble financial-friction—type
wedges, the results in this paper show that it remains informative for proportional (node-level)

production subsidies but is substantially less informative for linkage-specific targeting. By con-

trast, scale-to-efficiency explains a much larger share of the variation in optimal targeting for

production subsidies, consumption subsidies, and subsidies on factors. Thus, scale-to-efficiency

provides a broader and more powerful guide for fiscal-policy design.

Moreover, when the government intends to subsidize a particular sector, the scale-to-efficiency
statistic also identifies the relative importance of each production linkage from that sector to the
rest of the economy in shaping aggregate real-GDP responses. This provides a direct criterion
for determining when a link-level subsidy can outperform a sector-level subsidy. In this sense,
scale-to-efficiency is highly informative for designing input subsidies: for example, if the govern-
ment considers an energy subsidy but has not yet decided which sector should receive it, the
scale-to-efficiency measure directly indicates where the subsidy should be targeted.

The paper also characterizes the structure of government-spending multipliers. While a subsidy
has a direct effect on real output, the effect of a government-spending shock on real GDP oper-
ates entirely through its impact on factor shares and consumption shares. The analysis shows
that the key determinants of the cross-sectoral variation in these multipliers are factor-specific
Leontief-inverse exposures, which measure the total (direct and indirect) requirement of each pri-
mary factor to the production of a given producer. Under integrated factor markets with labor as
the sole primary input, the spending multiplier is negatively linear in the labor Leontief-inverse
exposure of the targeted sector. The frictionless economy is a special case of this environment:
with only one factor, every producer has a labor Leontief-inverse exposure of one, implying that
government-spending multipliers are identical across all industries.!

When multiple factors are present or factor markets are segmented, the multiplier depends lin-
early on a weighted sum of factor-specific Leontief-inverse exposures. The weights are negative
and invariant to the shock, but they depend on substitution elasticities, factor-supply elasticities,
pre-existing wedges, and the full structure of production networks.

Another instructive special case arises in a frictionless economy with two factors, elastic labor
and inelastic capital. Under standard calibrations, the decision about where to purachse becomes
positively correltated to the labor Leontief-inverse exposure of the targeted sector. This occurs
because the labor and capital Leontief-inverse exposures of any sector sum to one, while the
fixed weights associated with both factors are negative, with the weight on the inelastic factor
(capital) being substantially more negative. As a result, sectors with higher labor exposure end
up having larger multipliers.? These cases underscore the importance of factor-market structure
for multiplier heterogeneity: changes in factor-market assumptions can reverse the sign of the
relationship between government-spending multipliers and labor Leontief-inverse exposure.

IThis property also holds as long as ZjeNuF Q;; = 1 for all producers i € N. If labor is the only primary
factor in the one-factor case, the condition Zje ~ur $kij = 1 implies that ¥;;, = 1 for all ¢, and therefore the
spending multipliers coincide across all producers.

2In our calibration, the input-output matrix rows satisfy Z]ENUF Q;; = 1. When factor markets are assumed
to be integrated and labor and capital are the only primary factors, this condition implies that ¥, + ¥;x = 1
for all i € N, so the special-case logic applies directly.



Building on these theoretical insights, I apply the framework to U.S. input-output data from
2019 (pre-COVID) and 2022 (post-COVID) and document substantial dispersion in fiscal multi-
pliers across both sectors and buyer—seller linkages. Allowing fiscal instruments to operate at the
granularity of individual links delivers markedly larger multipliers than uniform sector-wide poli-
cies, underscoring the importance of granular, network-aware fiscal design. Quantitatively, the
scale-to-efficiency statistic performs strongly as an empirical guide for subsidy targeting, whereas
sector-level distortion measures are far less informative for link-specific interventions such as
consumption and factor subsidies. Finally, I show that the ranking of government-spending
multipliers depends systematically on the structure of factor markets. Under integrated factor
markets with elastic labor and inelastic capital, the largest multipliers arise in labor-intensive
service industries such as nursing and residential care facilities, warehousing and storage, and
educational services. In contrast, when factor markets are segmented, government-dominated
sectors—federal and state general government, as well as federal government enterprises—move
to the top of the ranking. These differences highlight that both the ranking and the effectiveness
of government spending critically hinge on whether factor inputs can reallocate freely across
sectors.

Related Literature. A growing body of research studies how production networks shape the
transmission and amplification of shocks from the micro level to the macroeconomy.

The closest strand to this paper examines wedge-like distortions in production networks, includ-
ing markups, taxes, financial frictions, and other sector- or link-specific wedges. A pioneering
contribution in this area is Liu (2019), who analyzes how governments should target interventions
in economies with financial frictions. He shows that, starting from a decentralized equilibrium
without policy intervention, the marginal subsidy should be allocated to the sector with the
highest distortion centrality, which in this paper corresponds to the ratio of efficient to distorted
Domar weights. Because of his modeling assumptions—most importantly, frictions generate
deadweight losses—the link-level subsidy multiplier coincides with the sector-level multiplier,
implying that additional link-level detail does not change the structure of optimal targeting in
his environment. Bigio & La’o (2020) study how distortions propagate through production net-
works and characterize how such wedges affect, among other things, labor wedges. D. R. Baqaee
& Farhi (2020) broaden this line of work by characterizing how productivity and markup shocks
propagate through production networks when the economy is inefficient. Building on this con-
tribution, D. R. Baqaee et al. (2024) extend the analysis from a closed-economy environment
to an international setting with heterogeneous agents at the country level, thereby allowing for
cross-border propagation and policy interactions.

Although D. R. Baqaee et al. (2024) consider tariff shocks that are link-specific in implemen-
tation, their theoretical characterization is formulated at the sector (node) level. The present
paper develops a link-level theory of fiscal intervention that treats distortions and policy in-
struments directly as objects defined on individual buyer—seller relationships. Using a tractable
transformation of the original cost-duality approach, I derive nonparametric expressions for the
first-order responses of prices and Hicksian input demands to changes in underlying wedges and
policy instruments. These results provide the foundation for analytical sufficient statistics that
map link-level fiscal interventions to equilibrium outcomes and optimal targeting rules. In ad-
dition, based on the closed-form characterization and under a set of simplifying assumptions,
I derive a second simple yet powerful link-level statistic—the scale-to-efficiency measure—and
show that it provides a substantially more informative guide for determining where subsidies
should be directed. Intuitively, the statistic resembles its node-level analogue, and one might
think it could be obtained by rewriting a link as a node through the introduction of a ficti-
tious producer. However, I show that its informativeness becomes transparent only through the
link-level analysis.



A second strand examines government spending in production networks, documenting that net-
work structure can materially raise spending multipliers relative to one-sector benchmarks. In
multi-sector environments with intermediate inputs, multipliers vary systematically with up-
streamness, input intensity, and sectoral supply elasticities, and tend to be larger when markets
are segmented (Bouakez et al., 2023; Proebsting, 2022). Related work emphasizes that the loca-
tion of spending in the production network, rather than its aggregate size alone, critically shapes
aggregate outcomes (Cox et al., 2024; Bouakez et al., 2025).

The closest paper in this strand to my analysis is D. R. Baqaee (2015), who shows that network-adjusted
labor intensity, corresponding to the labor Leontief exposure in my notation, is the key statistic
governing employment multipliers from targeted government purchases. Their analysis focuses
on labor market responses and the employment effects of sector-specific spending shocks. By
contrast, this paper is concerned with real output (GDP) and the government-spending GDP
multiplier. I show that government spending has no direct effect on real GDP in equilibrium
and that the GDP multiplier is linear in factor-specific Leontief inverse exposures. This result
extends the logic of network-adjusted factor intensities to a broader environment with arbitrary
distortions and provides an output-based sufficient statistic for fiscal effectiveness. Rubbo (2025)
shows that the industry composition of government spending matters only when factor markets
are segmented and sectors employ different combinations of primary factors. Within the envi-
ronment studied in this paper, I clarify a mechanism consistent with that result: when factor
markets are segmented and sectors differ in factor intensities, factor-specific Leontief inverse ex-
posures vary across industries, and this heterogeneity is the channel through which differences
in spending multipliers arise. Moreover, pre-existing distortions can also generate variation in
these exposures across sectors, and therefore variation in spending multipliers. In this model, de-
spite rich production-network structure, general substitution patterns, endogenous factor-supply
responses, distortions, and potential market segmentation, differences in factor-specific Leontief
inverse exposures are the key statistics governing heterogeneity in government-spending multi-
pliers.

This paper also contributes to the broader literature on the transmission of productivity and pref-
erence shocks in production networks (Hulten, 1978; King et al., 1988; Acemoglu et al., 2012; Fo-
erster et al., 2011; Atalay, 2017; Carvalho, 2014; Carvalho & Tahbaz-Salehi, 2019; D. R. Baqaee &
Farhi, 2019; D. Baqaee & Farhi, 2020, 2022). In particular, it provides a theoretical treatment of
these shocks within the economy with arbitrary link-level distortions. Most importantly, beyond
standard productivity and demand disturbances, it also analyzes shocks to input-augmenting
technology, which helps capture reduced-form spillovers of policy interventions through the net-
work.

The remainder of the paper is organized as follows. Section 2 presents the model and defines the
notation. Sections 3 and 4 derive sufficient statistics for policy interventions when the distorted
steady state is observable. Section 5 shows how these distortion statistics can be expressed as
functions of the model primitives when only the initial steady state is observed and extends the
analysis by incorporating indirect policy effects. Section 6 applies the results from Sections 3 and
4 to U.S. data from the COVID-19 crisis and discusses the multipliers associated with different
policies. Section 7 concludes.

2 Model

2.1 A Semiparametric Model with Input—Output Linkages

The model builds on the nonparametric production network framework of D. R. Baqaee & Farhi
(2020), while addressing a distinct set of questions and adopting a different modeling strategy. In
contrast to their use of fictitious producers to represent linkage-specific distortions, productivity



shocks, and tax instruments, I incorporate these wedges and shocks directly at the level of pro-
duction links. This design keeps the underlying network transparent and allows the policy objects
of interest to map one-for-one into observables at the linkage level. The framework explicitly
treats the government as a separate economic agent, which enables public-demand subsidies to
interact with a broader set of fiscal distortions and is essential for analyzing government-spending
shocks. Finally, I allow for preference shocks and input-augmenting technology shocks around
an arbitrarily distorted steady state. This generalization enlarges the set of admissible distur-
bances and enables the evaluation of both ex-ante and indirect policy effects in environments
with pervasive wedges, as discussed in Section 5.

The economy consists of a single representative household, denoted by C, a government, denoted
by G, a set of N producers, a set of F' primary factors, and a set of wedge collectors. In what
follows, I use C, G, N, and F to refer both to the corresponding sets of agents and to their
cardinalities. Variables indexed by ¢ denote endogenous variables or exogenous shocks, whereas
variables without a time subscript denote parameters or steady-state values.

2.2 Household

The representative household derives utility from aggregate consumption and experiences disu-
tility from supplying primary factors. The household’s utility function is
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where y¢y is the household’s aggregate consumption, Ly, is the supply of primary factor f € F,
and 7y denotes the Frisch elasticity of factor for factor f. When a factor is supplied inelastically,
ny = 0; otherwise, ny > 0. This framework accommodates an arbitrary number of primary
factors and nests both segmented-factor and integrated-factor markets, depending on how the
primary factors are defined. For example, if labor markets are fully integrated, labor can be
represented as a single aggregate factor. If labor markets are segmented, in contrast, labor is
represented by producer-specific factor supplies.

The household maximizes utility subject to the budget constraint
Poryer < prtht + Z Z 1L — T}
fer i€CUN jENUF

where pc; is the price index of the aggregate consumption bundle, ps; is the price of factor f,
I1;; is the wedge income that arises when producer i purchases inputs from producer or factor
7, and T; denotes lump-sum taxes paid to the government.

Aggregate consumption, ycy, is defined through a CES aggregator over products
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where jeN Wojt = 1. Here, z¢j; denotes consumption of goods produced by producer j, and
wcjt determines the relative importance of each producer in the household’s aggregate consump-
tion bundle. The parameter 6o is the elasticity of substitution between goods produced by
different producers. I adopt a parametric specification for the aggregate consumption aggregator
because it allows for a transparent and tractable characterization of preference shocks, i.e. shocks
to the consumption weights wc ;.



The representative household minimizes total expenditure on consumption goods, net of subsidies

powyor = min Y (1 —705) Mojpjizcg st (1)
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where pj; denotes the price of the good produced by sector j, 7¢j; is the consumption subsidy
received when purchasing that good, and Mc; is a pre-existing wedge that distorts the effective
price the household faces when buying from producer j.

2.3 Producers

Apart from the aggregate consumption aggregator, the economy consists of N individual pro-
ducers that each produce a distinct gross output good.

Each producer ¢ € N operates a constant-returns-to-scale production technology and takes pre-
existing wedges and policy instruments as given. Variable returns to scale can be represented as
constant returns to scale through the inclusion of additional producer-specific factors that are
supplied inelastically (McKenzie, 1959; D. R. Baqaee & Farhi, 2020).

Each producer i € N chooses its input vector {z;;; } JENUF where z;n4 ¢ denotes the quantity of
factor f € F used by producer i, in order to minimize total cost net of subsidies. The producer’s
cost-minimization problem is

CitYit = min E (1 — 7ij¢) Mijpjezije
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where A;; is a Hicks-neutral productivity shock, Z;;; is an input-augmenting productivity shock
associated with input j € NUF, 7;j; is the linkage-specific subsidy that producer ¢ receives when
purchasing input j, and M;; is a pre-existing wedge that distorts the effective cost of sourcing
from j.

I denote by ¢;; the unit cost of producing y;; and assume that producer ¢ charges a markup
Wit, so that its price satisfies p;y = pirci. Without loss of generality, I normalize markups and
production subsidies to one in the steady state. When they differ from one, I absorb them into
the pre-existing wedge M;;. I assume that producers do not retain profits. Instead, the economy
includes a set of wedge collectors who receive wedge income and rebate it to the representative
household.

The wedges in this economy may arise from a variety of sources, including markup dispersion,
financial frictions, or other distortions that cause producers to face different effective prices for the
same input. Wedges may also capture shocks that disrupt the efficiency of resource allocation
across production links. The combination of pre-existing wedges and tax instruments allows
us to study the effects of arbitrary wedge-like shocks in an economy with arbitrary distortions.
Importantly, the wedge collectors in this paper differ from the fictitious producers in D. R. Baqaee
& Farhi (2020) and D. R. Baqaee et al. (2024): unlike those fictitious producers, wedge collectors
do not alter the structure of the production network.

2.4 Government

The government chooses which links in the production network to subsidize or tax. Specifically,
75t for i € CUN and j € N UF denotes the set of policy instruments applied to each demander-
supplier pair; this set also encompasses consumption subsidy policies and factor subsidy policies.
In addition to subsidy policies, the government undertakes government purchases g;; for i € N,
which represent quantities produced by firm ¢ and purchased by the government.



Total subsidy is given by the sum of the subsidies to consumers and producers
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Total government expenditure is given by
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I assume that the government maintains a balanced budget in every period, so that total subsidy
expenditures and government purchases are financed by lump-sum taxes, T3 = G + 5S¢, collected
from the representative household.

2.5 Market Clearing

The following market-clearing conditions hold. In the output markets, the output of each pro-
ducer ¢ € N is allocated to final household consumption, government demand, or intermediate
input use by other producers, including itself. Formally, the output of producer ¢ satisfies

Yit = Tcit + Git+ E Zjit,
JEN

where z;;; denotes the quantity of goods produced by producer i and used by producer j.

In the factor markets, the total demand for each primary factor f € F equals its supply. That
is, for each factor f, the sum of the factor used across all producers satisfies

inﬁ = Lft.

iEN
2.6 Equilibrium

The equilibrium of this economy is defined as follows. Given the Hicks-neutral productivi-
ties {Aj}ien , the input-augmenting productivities {Z;j}iengjenur, the preference weights
{wciji}jen, the linkage specific subsidy policies {7;j: }iccungjenur, the markups {pi}ien , and
the government purchases {g;; }icn , a general equilibrium consists of a set of prices {pjt}j ENUF>
input choices {xijt}ieCUN,jeNUF7 factor supplies {Lft}feF, and outputs {y;t},coun such that,
given these prices, the household chooses consumption and factor supplies to maximize expected
utility subject to its budget constraint, each producer chooses inputs to maximize profits, the
government’s budget constraint is satisfied, and markets for all goods and factors clear.

2.7 Normalization of the Model

I take nominal GDP as the numeraire and normalize all steady-state prices to one. Under this
normalization, steady-state real GDP is also equal to one, so percentage changes in real GDP
can be interpreted directly as changes in its monetary value. The model’s results are invariant to
the choice of numeraire, since all objects of interest are expressed in real terms and in percentage
changes. As will become clear when the Domar weights are introduced, taking nominal GDP as
the numeraire is especially convenient for analyzing production networks.



2.8 Definitions

I define the variables of interests and notations used in the analysis.

Nominal GDP. The definition of nominal GDP is defined through the expenditure approach
and income approach as

GDP, = (1 —70u) Meiputcn + Y pirgit
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The real GDP, denoted by Y%, is defined when the prices and the tax rates are kept constant at
the steady state.

Input-Output Matrices. The input-output matrix is denoted by Q;. It is a (C + G+ N +
F) x (C 4+ G+ N + F) matrix whose (7, j)-th element is given by

Qe = D9t e CUNUF, je CUGUNUF,
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As an illustrative example, Table 1 presents an input—output matrix of dimension (C'+ G+ N +
F)x (C+ G+ N+ F), where Q;n 4 denotes the entries corresponding to the usage of factor
f € F by the producer i.

Table 1: Input—Output Matrix

0 0 Qcit Qca -+ SQone 0 0 e 0 7
0 0 Qcir Qa2 Qant 0 0 e 0
0 0 i Q2 - Nt Qnvt+1e QN2 o QUNtFe
0 0 Qo1 Qage -+ Qone Qoang1r Qanvgor - ontre
Q = :

0 Qnir Qo Onne QOnnNt1e QOnnNg2t - QONNtFt
0 O 0 0 e 0 0 0 ce 0
0 0 0 0 0 0 0 0 ]

The presence of wedges such as pre-existing distortions M;;, markups p;, and input taxes or
subsidies 7;;; implies that the decentralized equilibrium generally departs from the first best.
I use variables without a check mark (e.g., Txjt, pit, Vit ) to denote allocations in the distorted
economy, and variables denoted with a check mark (e.g., ¢, Dit, Uit) to denote the corresponding
objects in the efficient allocation.

To facilitate the statement of the main results, I introduce an auxiliary input-output matrix €,
whose (i, j)-th element is given by
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For ¢ € C'U N, this definition coincides with the cost share that would prevail in the efficient
economy. The second equality in €2;;; shows that this efficient cost share can also be written as
a function of distorted allocations. Appendix B.1 establishes this relationship formally.

For the government-spending row, the model features no government production function; aggre-
gate public expenditure is simply the sum of purchases from producers. Hence the government
row of the auxiliary matrix is defined as above. Under this definition, QGjt coincides with the
government-spending distribution observed in the distorted economy.

Leontief Inverse Matrices. I define the auxiliary and distorted Leontief-inverse matrices as

U= —-Q) ! and U= —Q)!

Domar weights. The Domar weight of a producer is defined as the ratio of its nominal sales to
nominal GDP. I extend this standard definition to incorporate the aggregate consumption share,
the aggregate government spending share, and factor income shares. Specifically, the Domar
weight of entity ¢ is given by

Gy
GDP,
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For k € N U F, the Domar weight satisfies
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I define the auxiliary aggregate consumption share and the auxiliary aggregate government spend-
ing share to match their counterparts in the distorted allocation,

5\ :pCtth 3o Gy
¢t~ app’ YT GDPR’

Thus, the auxiliary Domar weight M for k€ NUF is

Mt = <5‘CtQCit + E\GtQG’it) Tiee = > (AotQeit + AatQait) ik
i€N ieN

As with the auxiliary government-spending share allocated to each producer, ngt, the auxiliary
aggregate private-consumption share and the auxiliary aggregate public-consumption share do
not appear directly in the model’s optimality or accounting conditions. However, the steady-state
auxiliary Domar weights of producers and factors depend on these auxiliary aggregates.
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Steady state. To simplify the exposition, and consistent with calibration practice, I assume
that the government spending shares are identical in the distorted and undistorted economies at
the steady state. Under this assumption,

Q.. — Pidi _ Pig;
Gj — G _?a

jEN

Thus, at the steady state the government spending shares that enter Q can also be interpreted
as those that would prevail in the efficient allocation.

In addition, I assume that the aggregate government spending share coincides with its distorted
counterpart at the steady state, that is,

. G G
Aog=——=——
GDP GDP

With this additional assumption, the entire collection of auxiliary variables at the steady state is
identical to the efficient steady-state allocation that would arise in an economy without wedges.
These two steady-state assumptions do not affect any of the theoretical results in the paper;
they matter only for interpretation. Strictly speaking, the resulting allocation in the auxiliary
economy is only partially efficient, because the government-spending row of Q is constructed
from the (assumed identical) distorted spending shares, and the aggregate government spending
share may differ from the fully efficient one.?

I adopt these two assumptions for the remainder of the paper. Consequently, any variable with
a tilde at the steady state can also be interpreted as the corresponding efficient steady-state
object. I refer to a steady state as efficient if the associated allocation is efficient; otherwise, the
steady state is distorted.

In an efficient steady state of the static production-network model, the envelope theorem implies
that tax policy has no effect on real output to a first-order approximation.* By contrast, when
the steady state is distorted, appropriately designed tax instruments can improve the allocation.

The relations of the efficient steady state input-output matrix and distorted steady state input-
output matrix satisfy that

Q=M®xQ

where ® represented the elementwise product. M is the wedge matrix where M;; is defined for
1 € CUN&j € NUF in the subsection 2.3, 1 otherwise.

The definition of the efficient production network used here is closely related to the cost-based
input-output matrix in D. R. Baqaee & Farhi (2020). Because this paper focuses on fiscal policy,
adopting this definition provides a transparent benchmark for assessing when and why policy
intervention is justified. It clarifies the sources of distortions and the channels through which
welfare-improving interventions operate.

3 Accordingly, the steady-state auxiliary Domar weights and the steady-state auxiliary Leontief inverse com-
puted from ) should also be interpreted as partially efficient objects in the absence of these two assumptions.

4This result also applies to the partially efficient allocation in which the government-spending distribution and
the aggregate government-spending share may differ from their fully efficient values. Because the model contains
no government production function, and because government output is not used as an input in any producer’s
technology, the distribution of public expenditure does not enter the envelope-theorem argument. When evaluating
the effects of a policy instrument under arbitrary distortions, information about the fully efficient allocation is
therefore unnecessary; the partially efficient and distorted input-output matrices defined in the paper are sufficient.
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I also distinguish between two steady-state Domar weights. The Domar weights associated with
the efficient steady state are denoted by \; and referred to as efficient Domar weights. In contrast,
the Domar weights obtained under a distorted steady state are referred to as distorted Domar
weights.

Because the government-purchase distribution is exogenously given in the model, both the ef-
ficient steady state and the corresponding efficient Domar weights depend on the steady-state
government-spending distribution and the aggregate government-spending share.

Allen—-Uzawa Elasticity of Substitution (AUES). Denote the Allen-Uzawa elasticity of
substitution (AUES) between inputs j and i for producer k& by 0,‘;‘% ;- 1t satisfies

~ AU _ Olog ay;j¢
' 0log pit

where ay;; denotes the unit requirement of input j needed to produce one unit of output & in
Ologay;q
5 0log pit
ment. [ use Qkiaf% to represent this Hicksian price elasticity at the steady state. For the formal

definition and derivation of these elasticities, see Appendix B.2.

equilibrium. Thus, is the compensated (Hicksian) price elasticity of the input require-

3 Sufficient Statistics for Subsidy Shocks

3.1 Change in Domar Weight and Input—Output Linkages

Before presenting the effects of the policy shocks, I first outline some fundamental properties
of the production network and the model. These properties provide intuition and facilitate the
understanding of the subsequent propositions.

Lemma 1 (Network Decomposition of Changes in Domar Weights). Let i € C UG U N U F.
The first-order change in the Domar weight of i satisfies

de= > ( > Ay dlog let) Vi + dAetVei + dAat¥ai
leCUGUNUF \beCUGUNUF
Proof. See Appendix B.4. [ ]

Lemma 1 shows that the change in the Domar weight of entity i, d\;;, can be decomposed into
two components: (i) changes in input—output linkages, dlog €, and (ii) changes in aggregate
consumption and government spending shares, dA\¢y and dAg¢. Importantly, these linkage and
share adjustments are endogenous and, in general, depend on d\;; itself through the production
network.

Lemma 2 (First-Order Change in Input-Output Linkages). For any pair (b,1) withb € CUGUN
andl € NUF, the first-order change in the input—output linkage Qpy; satisfies

dlogQyy = — dlog iy + Y [515 + Qs (07 — 1)] dlogpst — 1{b ¢ G} > Qs (0pf) — 1)dmpst
seNUF seENUF

- > [5,5 + Qs (051 — 1)} dlog Zyst + 1{b € C}dlogwey — 1{b € C} > Qpsdlog wps
seNUF seNUF
+ 1{b € G}(dlogpy + dloggy — dlogAct)

where §;; denotes the Kronecker delta.
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Proof. See Appendix B.2. |

Lemma 2 follows from the dual approach, using a tractable transformation of the original
unit-cost function. It shows that changes in input—output linkages are functions of exogenous
shocks as well as endogenous variables—namely, prices and aggregate government spending—so
that dlog 4 depends on both policy shocks and equilibrium adjustments.

3.2 First-Order Effects of Linkage-Specific Subsidies

In this subsection, I derive sufficient statistics characterizing the effects of linkage-specific subsidy
shocks on price changes, changes in Domar weights, and changes in real GDP. The analysis is
conducted using a first-order approximation that allows for arbitrary pre-existing wedges.

Proposition 1 (First-Order Effects of a Linkage-Specific Subsidy). Let i € C UG U N U F,
ke CUN, and j € NUF. Consider a marginal subsidy 7, to the j — k linkage, evaluated
around an arbitrary distorted state with pre-existing wedges. Then the first-order change in
Domar weights is

dlog/\it Z )\k: AU
= - Qi Quy (ol — 1) )Wy
dje IECUGUNUF (/\l ’ ’ )
. A .
~ kg CHuy Y ( > )Tbez[ > (s + Qo als—l))‘l’skD Uy,
IECUGUNUF \beCUGUNUF ~* sENUF

— k¢ C Oy Y (QGS ATG > U (Vi +1{i € G} — qf@-)>

SENUF " nenN

) 5 - 1 dlog\ dlog A
+ > ( D ,Tbez[ > (5ls+9bs(01le§—1))Z‘I’Sf(1+nf dOTgkjtft—i_l:zfnf fkﬁm)}) "

lIECUGUNUF \beCUGUNUF " sENUF feF

F

. 1 dlog\ dlog A

+ ) Qgsf \psf( gAse  _ny  dlog m) (Wai+1{i € G} — W)
SENUF Ai f=1 Ltny drige L+ny drg

The induced first-order change in prices satisfies

- - 1 dlogAp ny dlog Acy
= —1{k ¢ C}uS; + > _ T +
{k & Ch VSl = Zf(1+77f ATkt Lnp  drge

dlog pit
dijt

(2)

and the corresponding effect on real output (GDP) is

dlogY; — RO Z A 1 dlog Agy . ny dlog Acy (3)
dijt J er 1+ ny dijt 1+ ny dijt
Proof. See Appendix B.6. |

Proposition 1 characterizes the first-order change in Domar weights for consumers, the govern-
ment, producers, and factors in the economy following a linkage-specific subsidy shock. To solve
the system implied by the proposition, the procedure begins by deriving the response of factor-
income shares, dlog A\;; for ¢ € C'U F'. Once the factor share adjustments and the change in the
private consumption share are obtained, I substitute them back into the expressions above. This
delivers the resulting changes in government expenditure shares, producer-level Domar weights,
prices, and ultimately real GDP.

3.2.1 Matrix Representation of the Solution

To illustrate how the system can be solved in practice and in closed form, I now present the
model in a compact matrix representation. For expositional clarity, it focus on the case with two
primary factors, labor L and capital K.

13



Real GDP responds to a linkage-specific subsidy shock 73;; according to

where AT = [:\ LA k] denotes the corresponding efficient Domar-weight (factor share) vector,

[dlog A\, |
dijt
dlogA; | dlog Ak
dijt dijt
dlog Ao

dijt

and

0 NK
1+nx 140k

1 0 nL
W = | e 1 I+nr

The vector of Domar-weight responses satisfies the linear system

dlog Ay
dijt

dlog Ay -
kjo

=T+19w
( ) A7t

where the matrices I' and T collect the endogenous propagation resulting from intermediate-
input linkages and government purchases, respectively. Both matrices are independent of the
particular shock (k, j). Given the expression of I','“ and d};, the linear can be solved as

dlog Ay
dijt

= [Irio — (T +TW] " 67,

where Ip ¢ is the identity matrix with dimension (F' + C) x (F + C).

The closed-form expression characterizing the impact of the subsidy shock on real GDP is given
by
dlogY;

dijt

-1 -

= MeSj — N W [Ipyo — (D +TOW] 67

I explain each terms in turn below.

Propagation matrices. The baseline propagation matrix I, of dimension (F' + C) x F, is
defined elementwise as

Ly = Z ( Z %le Z (515—{-01,5(0'2%—1))@5]0) Uy, 1€ FUC feF

IECUGUNUF \beCUGUNUF ~* SENUF

This propagation matrix arise because a change in a subsidy 73;; can affect factor shares and
share of private consumption endogenously, which in turn alter producer prices (see equation 2).
This leads to changes in the input shares used by each producer (see Lemma 2), which ultimately
feed back into factor prices throught the production networks (see Lemma 1).
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The government-related propagation matrix I'“, of dimension (F + C) x F, is captured by

A - . .
rgl}:TG > Qe (Ve + 1{i € G}~ V¢y), i€ FUC,feF.

' seNUF

This term in the model arises from the introduction of a second agent, the government. In a
one-agent model, the consumption share is equal to one, implying dlog A\cy = 0. As a result,
the terms dA\¢t W + dAgt VP do not appear in the corresponding decomposition in Lemma 1.
The changes in aggregate spending shares are not only driven solely by the quantities purchased
by the government, g;;, but also by endogenous price movements. Because subsidy shocks affect
producer prices heterogeneously, they alter the elements of the government-demand row of the
input-output matrix. This generates a new propagation channel that operates through the joint
effect of changes in Q¢ for [ € N and the terms dA\c: W + dAa P ay-

Shock-specific term. For each subsidy shock 7, the term 52]- denotes an (F'+C') x 1 vector

.
L.kj
whose 4-th entry is 67, .. Equivalently, 63; = | 0% 1;

K
00 k;j

The effect of the subsidy enters through the vector

Thi =0 + 1{k ¢ C UG} Qu; (65, — 55),

where

A ~
62;% = — Z (}\kale] (O']é% — 1)) \Ijli
IECUGUNUF ¢

This term can be written as the two separate term, i.e.

m >\k A )\k ~
5z‘,kj - = Z <AleQk]O';€4’Z> Wy + Z (/\leQkJ> g%

leCUGUNUF v leCUGUNUF ¢

The first component of 6;") ; captures the fact that the linkage-specific subsidy d7y;; changes the
wedge between j — k, which reduces the effective price that producer k pays for input j. This
effective price change alters the demand for all inputs used by producer k. In particular, the
induced change in the demand for input [ is governed by the Hicksian price elasticity —ij a,’é%
(see Appendix equation 14), which describes the direct effect of the subsidy shock dryj: on
d log let~

The second component of ;7 ; captures the output price effect: a change in dlog Qg affects the

output price of producer k£ by an amount equal to ij (see equation 2). This price change, in
turn, feeds back into the input share dlog Q.

Finally, changes in dlog x;; propagate to entities’ Domar weights via Lemma 1.

The next term, d7,, captures the price effects that propagate through the production network by
altering both the input prices and the input demands of downstream producers.
) Uy,

= Z < Z %sz

ICCUGUNUF \bCCUGUNUF "

Z (513 + Qbs (O’f;}g — 1)) \ilsk
SCNUF
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First, the subsidy d7y;; affects the price of producer [ through the production network, with the
induced change transmitted according to Wy. This change in dlogp; alters the input shares
dlog Oy of all producers b that use input .

In addition, the subsidy shock modifies the price of producer s, dlog ps:, which in turn affects
Qi through the Hicksian substitution channel. The magnitude of this effect is given by afg ,
the Hicksian price elasticity of substitution between inputs [ and s for producer b.

Finally, the resulting change in d log {2;; influences the Domar weight of producer ¢ via Lemma 1.

The final term, 52%, arises from introducing the government as a second agent. It captures how
the subsidy shock affects the government’s spending shares, d log Q¢y¢, through price changes that
propagate across all gross-output producers, as well as its effect on the aggregate government

spending share, dlogAg;.
A ~
63; = - Z Qas Vi (\I’sz - \IIC%)

Ai
SENUF

3.2.2 Subsidy Multiplier and Scale-to-Efficiency

The multiplier of a linkage-specific subsidy is defined as the change in real GDP relative to
the fiscal cost of the intervention. Formally, for a marginal subsidy on the ;7 — k linkage, the

multiplier is
dlog Y
dijt

T i
kj — )
J Ak

where the denominator Ag{lx; is the additional expenditure required to lower the effective price
of good j — k by one percent through a subsidy on link (k, j). Proposition 1 provides the fully
fledged sufficient-statistics characterization of d dlif i/t, and therefore delivers an exact sufficient-
statistics expression for the subsidy multiplier MZJ]

While the general sufficient-statistics formula is transparent, it is also rich: it depends on the
production-network structure, substitution elasticities, the definition of factor markets (through
factor-supply responses), and the additional propagation channel generated by the government
as a distinct demand agent. To build intuition for the sources of multiplier heterogeneity, and in
particular for what determines which links the government should subsidize, I derive a simplified
expression under three assumptions: (i) a Cobb—Douglas economy ; (ii) no propagation through
government demand (dlog Qg = 0 and dlog Agy = 0); and (iii) for expositional clarity, only
two primary factors, aggregate labor L and aggregate capital K.

Under these assumptions, the first-order response of Domar weights simplifies to

dlog A\
dijt

= X\eQp;j )\], (4)

Substituting into the first-order expression for real GDP yields

dlogY;
dijt

1 V. =~ 1 .
MeQpi =2 — X A Qi —2
1+77K k2K )\K L1+77L R2okj /\L

= My — Aic

Dividing by the fiscal cost A;{2; yields a compact decomposition of the linkage-specific subsidy
multiplier

dlog Yy ~ o~
T Ny Mo, I A VR I e W
——

scale-to-efficiency factor adjustment
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Even in the Cobb—Douglas benchmark (with the government-propagation channel switched off),
optimal subsidy design depends on two conceptually distinct forces.

Scale-to-efficiency. [ refer to the first term as the scale-to-efficiency component. The numer-
ator A\;{2;; measures the size of the j — k linkage to GDP in the efficient steady state, whereas
Ai€); measures its relative size to GDP in the distorted economy. Hence,

NeShj
Ak

captures the relative scale of that linkage under efficiency versus distortion.

Intuitively, a value above one indicates that the linkage is inefficiently small in the distorted
economy, whereas a value below one indicates that it is inefficiently large.

This statistic has a particularly appealing property under the simplified setting (No government
propagation and Cobb-Douglas production). In this benchmark, the scale-to-efficiency ratio
becomes a sufficient statistic for determining where factor subsidies should be targeted.

To see this, suppose the government is considering a labor-subsidy program but has not yet
decided which producer should receive the subsidy. Under the simplified assumptions, the mul-
tiplier of a subsidy 7x1; applied to producer k’s labor use is

dlog Yy A
s Cmae o MOk <_ Loy Y1 ;L‘PLL>
M N AeSk L L+nk & Ak 14+mn 7 AL
———
scale-to-efficiency factor adjustment

Because the factor-adjustment term does not depend on the identity of the subsidized producer

k, the variation between producers in the subsidy multiplier is driven entirely by the scale-to-
efficiency component. o

- Ao

T N

———

scale-to-efficiency

+t.5.w.p.

where t.7.w.p. is terms independent of where the policy targets. Thus, in the simplified economy,
the scale-to-efficiency ratio is a sufficient statistic for determining which sector should receive
the labor subsidy.

The same logic applies to proportional cost or sales subsidies. Suppose the government imple-
ments a proportional (node-level) subsidy for sector J. Under the same assumptions, it has

Ak
A8
———

scale-to-efficiency

A—
MkJ—

+t.a.w.p.

Hence, among all outbound linkages from sector J, those with the highest scale-to-efficiency
ratios deliver the largest gains in real GDP when subsidized. The scale-to-efficiency statistic
therefore identifies the linkages through which proportional subsidies operate most effectively.

Factor adjustment. The second component is the factor-adjustment term, which reflects how
the subsidy shifts primary-factor income shares through the production network. From equation
4

7

dlog Asy v
A7 if
—r = e{K,L
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the ratios \I:\—Jf measure the multiplier of the subsidy 73;; on factor share f . Multiplying these

terms by the efficient Domar weights A 7 and the factor-supply elasticities 7y yields the general-
equilibrium contribution of factor-market adjustments to the subsidy GDP multiplier.

Importance of the two terms. In practice, variation in the scale-to-efficiency component is
typically much larger than variation in the factor-adjustment component, especially when pre-
existing distortions are substantial and linkages are disproportionately distorted, and when factor
supplies are inelastic. For this reason, I refer to the scale-to-efficiency ratio as the informative
statistic for determining which linkages should be subsidized for a given type of fiscal intervention.
The quantitative results in Section 6 verify the performance of this simple statistic.

Comparison to the node-level analysis. One might think that the scale-to-efficiency statis-
tic could also be recovered from a node-level analysis, since in production networks any input—
output link can, in principle, be represented as a separate node by introducing a fictitious pro-
ducer. To clarify why this statistic can be obtained only from the link-level analysis, I rewrite
the link-level subsidy problem in its node-level form using the example of an energy-subsidy
program.

Suppose the government intends to subsidize energy but has not yet decided which sector should
receive the subsidy. In the link-level formulation, the multiplier of a subsidy to link (E — 1)
decomposes, under the same simplifying assumptions, into a scale-to-efficiency component and
a factor-adjustment term:

dlog Y; <~

drony _ Afip n ( 1 S Ypr 1 i, ‘I’EL)

AifhiE Aifdip I+ nk Ak 14+ 7 AL
——

scale to efficiency factor adjustment

A key feature revealed only in the link-level decomposition is that the factor-adjustment term
does not depend on the identity of the targeted link i. Thus, all cross-link variation in the
subsidy multiplier arises entirely from the scale-to-efficiency term. When the same question is
reformulated at the node level by rewriting the link (F — 4) as a node j, the multiplier becomes

dlog Y: ~
dpije j I ¢ Yk L 5 Vg
I VI VR W Pl Wi AL
J J + Nk K 149 AL
~— ~
scale to efficiency factor adjustment

In this sector-level representation, it is not apparent that the factor-adjustment term should be
independent of the target fictitious sector j, because the terms W,;, and ¥,k are indexed by j.
Additionally, there is no economic explanation for the factor-specific Leontief inverses ¥;;, and
VU, k. Even if one defines them as the direct and indirect labor or capital required to produce the
output of fictitious producer j, it is not obvious why these terms are independent of j. Thus, even
though scale-to-efficiency may appear numerically similar to a node-level ratio, its conceptual
role becomes transparent only in the link-level analysis, where the decomposition isolates the
policy-relevant object and makes clear that it is the sole source of variation in the link-specific
multiplier.

4 Sufficient Statistics for Spending Shocks

4.1 Spending Shocks

In this subsection, I characterize the model’s response to a shock to government purchases, gi.

18



Proposition 2 (First-Order Change in Domar Weights from Government Spending Shocks).
Let i € CUGUN U F, and consider a marginal change in government spending on product
k € N, represented by dlog gxt. The first-order change in the Domar weight of i is given by

dlog \;; bYe! )
d1os 91 Gy, { wi +1{i € G} — V¢ }
F
A - AU ~ 1 dlog Ay ny  dlog Aoy
+ Z Z — Qu |: Z (5ls + Qbs(aa,ls - 1)) Z \Ilsf< + ):| Wi
leCUGUNUF (bECUGuNUF Ai SENUF f=1 L+ i dijt b g dijt

F
Ac{ i ( 1 dloghp oy dlogACt)] { ‘ }
+ Q s\ \Ils + \IJSi + 14z € G - i

sE%JF( ¢ Ad J; ! 1+mny dloggke 1+n; dloggwt { } c

The induced first-order change in prices satisfies

dl i ~ 1 dlog A dlog \
0g Dit _Z‘I/if( Og Aft ng 0g ACt

dloggr £ "1+ dlogg 141y dloggy

and the corresponding effect on real output (GDP) is

dlogY; :_ZS‘ ( 1 dlog)\ft+ ny dlog Ay (5)
dloggee 1 U4y diogg  T+ny dioggr
Proof. See Appendix B.7. |

As in the analysis of subsidy shocks, this system of equations can be solved by first computing
the changes in factor and private consumption shares and then using these changes to determine
the resulting adjustments in Domar weights, prices, and real GDP.

The effect of a government spending shock on factor shares can be decomposed into three com-
ponents. The second and third components correspond to the network propagation channels
already discussed in the subsidy-shock analysis: government spending changes factor demands,
which in turn alter prices, modify input—output shares, and adjust aggregate consumption and
government spending shares, feeding back into factor shares through the network. The first
component captures the direct quantity effect of government purchases on input—output shares
and the aggregate government spending share, which then affects factor shares via Lemma 1.

Proposition 2 (Equation 5) shows that the effect of a government spending shock on real GDP
depends entirely on its impact on factor and consumption shares.

4.1.1 Matrix Representation of the Solution

To illustrate how the analytical expressions derived above map into the closed-form solution
and to show what determines the appropriate targeting of government purchases, I rewrite the
equilibrium system in matrix form.

Up to a first-order approximation, the effect of a marginal government purchases shock dlog g
on real GDP is
dlog;
dlog gre dlog grt’

where AT denotes the vector of efficient Domar weights for factors, and W is the block matrix
collecting factor-supply elasticities. The vector dlog A; collects the responses of all factor and
consumer Domar weights.

}'\TW d log At

The change in these Domar weights satisfies the linear system
dlog Ay

dlog A
g ¢ SG
d log Gkt

_ G
= T W g gy %
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where I' and I'“ are the baseline and government-related propagation matrices introduced previ-
ously. Under the assumption of two primary factors, aggregate labor and aggregate capital, their
interpretation carries over directly to the spending-shock environment. The vector 5?, defined
below, collects the shock-specific contributions of a government purchase of good k.

Solving the system yields the closed-form expression for the effect of a government-spending

shock on real GDP:
dlogY;

_ 3T . G -1 ¢
dloggre AW Tewr = (DI W] 0

Shock-specific term. For each government-purchases shock g, the vector 5,? isan (F+C)x1
vector whose i-th entry is

A
3%, = Qe TG (W) + 1{i € G} — U]

This term captures the direct effect of a marginal increase in government purchases of good k
on the Domar weight of 7 through its direct effect on dlogQgy: and dloghg: (see Lemma 1).

4.2 Spending Multiplier

The government-spending multiplier on sector k is defined as the change in real GDP relative to
the fiscal cost of increasing government purchases of good k. Formally,
dlog Y

MG — dlog g+
A6 Qi

where the denominator A2k is the additional government expenditure required to raise pur-
chases of good k by one percent.

To connect this definition to the closed-form solution, note that in the matrix representation of
spending shocks the only object that varies with the location of spending is the shock-specific
vector (5,?. The i-th entry of this vector is

A
5fk=QGkTg\Pki+t.i.w.p., i€ FUC, k€N,
1

where t.i.w.p. again denotes terms independent of where the policy targets, so that the depen-
dence on k enters only through the Leontief-inverse exposure ¥y; and the steady state government
spending share Q¢p.

Substituting the closed-form solution for dlogY;/dlog gx: and dividing by Ag€Qqk yields

MG = _S\TW[ICH: — T +TW| mf + tiwp.

where mkG € RF+C is the shock-location vector with entries

\I}.
mé, = K 1e FUuC

Finally, since ¥ = 0 for £ € N, only factor components matter. In particular, the spending
multiplier can be written as a linear function of factor Leontief-inverse exposures

MkG = Z Of Vs + tiw.p.
fer

20



where Oy is defined by

1 ~ _
Op=— (—ATw[ICHw — (I +T%W] 1) ,
Af f
and (-)¢ denotes the component associated with factor f € F. Hence, sectoral differences in
spending multipliers are driven by the factors’ Leontief-inverse exposures, Wj;, whereas the
weights Oy are negative, fixed, and do not depend on the location of the spending shock.

Sufficient Statistics Cases. Based on the closed-form solution above, there are several special
cases in which labor Leontief-inverse exposure serves as a sufficient statistic for identifying where
government purchases have the largest multiplier.

Single-factor economy (labor only). If labor is the only primary factor, then the labor
Leontief-inverse exposure of sector k, Uy, is sufficient for determining which government pur-
chases have a larger effect on aggregate output. In this case, the ranking of government-spending
multipliers is negatively related to Wyr. Thus, sectors with larger labor Leontief-inverse expo-
sure have smaller spending multipliers in this environment. Moreover, in a frictionless economy,
each producer’s labor Leontief-inverse exposure equals one, Wiy = 1, implying that spending
multipliers are identical across producers in this special case.

Two-factor frictionless economy (elastic labor, inelastic capital). Another instructive
case arises in a frictionless economy with two primary factors: elastic labor and inelastic capital.
Under frictionless markets, the labor and capital Leontief-inverse exposures for any sector sum
to one. Since the fixed weights on both factors are negative and the weight on the inelastic fac-
tor (capital) is substantially more negative under standard calibrations, the spending multiplier
becomes positively related to the labor Leontief-inverse exposure of the targeted sector. In this
case, sectors with higher labor exposure tend to exhibit larger spending multipliers. Straight-
forwardly, if the ratio of the output elasticity of labor to the output elasticity of capital is the
same across producers, then all sectors share the same factor Leontief-inverse exposure, and
government spending multipliers are identical across producers.

Taken together, these cases show why factor-market structure is central to multiplier hetero-
geneity. In particular, changes in factor-market assumptions can even reverse the sign of the
relationship between the government-spending multiplier and labor Leontief-inverse exposure.

5 Extensions and Discussion

In most applications, the distorted steady state can be read directly from the data, since the
real economy typically contains wedges arising from markups, taxes, policy interventions, and
frictions. By contrast, recovering the efficient steady state generally requires information about
these wedges or additional identifying assumptions. This section develops general results that
allow the researcher to infer a new efficient steady state using only the initial steady state and
the model’s primitives, and to incorporate indirect effects of policy interventions that operate
through induced changes in productivity, demand, markups, or other wedges.

Proposition 3 in Appendix A characterizes the general first-order responses of a semiparametric
production network to small perturbations in fundamentals. In addition to the subsidy and
government spending shocks discussed above, it encompasses markup shocks, Hicksian-neutral
productivity shocks, input-augmenting productivity shocks, and preference (demand) shocks.
Among these shocks, productivity and demand shocks alter the efficient steady state; markup
and wedge shocks instead move the distorted steady state away from efficiency. Proposition 3
provides the mapping needed to trace how prices, Hicksian input demands, Domar weights, and
input—output linkages adjust under any of these shocks.
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Implementation with pre-crisis data. The results furnish a practical guide when only pre-
crisis information is available. Taking the COVID-19 crisis as an example, if the pre-COVID
allocation is taken as efficient, then the new efficient steady state associated with COVID-19 can
be represented by a combination of input-augmenting productivity shocks Zx; for k € N and
demand shocks d logwc; for j € N. Given such shocks, either observed or posited, Proposition 3
provides the mapping from the initial efficient steady state to the new efficient benchmark via
the implied adjustments in Domar weights and input—output linkages. The new distorted steady
state can then be taken from the post-shock real economy data. With these two objects in
hand (the counterfactual efficient network and the observed distorted network), the fiscal policy
analysis from the previous section applies directly.

Large shocks and iterative updating. Although our analysis is conducted at first order, it
can accommodate larger shocks if the shock path is known or can be approximated linearly. In
that case, the model can be solved iteratively using Differential Exact-Hat Algebra, as described
in D. R. Baqaee et al. (2024).

Indirect policy effects. Proposition 3 also makes it straightforward to incorporate indirect
policy effects, including situations where the policy itself changes productivity, demand, markups,
or input-augmenting productivity shocks. These indirect effects can be obtained through the
endogenous responses in the model or from reduced-form analysis, which lies outside the scope
of the current paper. Since the analysis is linear, the direct and indirect effects are additive. For
example, if a fiscal policy changes the average markup in an industry, the aggregate effect of this
policy shock equals the sum of the direct policy shock and the induced markup effect. Thus,
Proposition 3 makes the sufficient-statistics approach operational for analyzing both direct and
indirect consequences of fiscal interventions in production network analysis.

6  Fiscal Multipliers in a COVID-Induced Distorted Economy

6.1 Calibration

In this section, I employ the theoretical results derived above to quantify fiscal multipliers in the
U.S. economy around the COVID-19 period. The model is calibrated using data from the Bureau
of Economic Analysis (BEA) Input-Output Accounts. I use the most recent BEA release that
spans the years before, during, and after the COVID-19 shock. In particular, the efficient steady-
state input-output matrix Q;; for j € CUN and i € N U F is calibrated using data from 2019,
the last year before the pandemic materially took effect. The distorted input-output linkages,
along with consumption and government expenditure shares, are calibrated using 2022 data.
Years 20202021 are excluded from the distorted calibration because they coincide with the acute
phase of the shock, when sectoral productivities and final-demand compositions changed abruptly
and transitorily, thereby shifting the model’s efficient steady state. The assumption of the
current calibration is that, absent persistent wedges, productivity and demand revert toward their
pre-COVID levels, so that 2022 provides a cleaner snapshot of a post-shock allocation that embeds
residual distortions rather than contemporaneous transitory shocks in productivity and demands.
In this interpretation, lockdowns, information frictions, price rigidities, and heterogeneous policy
interventions during the pandemic generated wedge-like departures from efficiency, creating scope
for fiscal policy to improve aggregate outcomes. Fiscal multipliers are evaluated around this
distorted steady state.

This calibration strategy differs from the standard approach used in models featuring markup
distortions. For example, in a model where markups are embedded directly in the firm’s cost
structure, each row of the distorted input-output matrix sums to less than one. In contrast,
my calibration removes the effects of markups from the cost structure: even in the distorted
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equilibrium, each row of the input-output matrix continues to sum to one. This feature is
enabled by the general framework developed above, which accommodates arbitrary distortions
at the link-level directly. In models with purely node-level distortions, such a calibration would
be considerably more restrictive and difficult to implement.

The model’s quantitative responses depend on the Allen-Uzawa elasticities of substitution. To
obtain these elasticities, I adopt a nested CES production structure. Following standard practice
in the literature, I use a two-nest specification. In the first nest, a value-added producer combines
capital and labor to generate value added, and an intermediate-mix producer aggregates material
inputs sourced from all sectors. In the second nest, a gross-output producer combines value added
with the aggregate of intermediate inputs to produce gross output.

I calibrate the production elasticities following D. Baqaee & Farhi (2022). The elasticity of
substitution between labor and capital is set to 0.6; the elasticity between value added and
intermediates is 0.6; and the elasticity across intermediate inputs is 0.2. On the household side, I
assume an elasticity of substitution across consumption goods of 8¢ = 0.9 and a Frisch elasticity
of labor supply of 2, consistent with Rubbo (2023).

Regarding factor markets, I focus on the two primary factors, capital and labor, and consider
two benchmark cases: (i) fully integrated factor markets and (ii) fully segmented factor markets.

6.2 Subsidy Policy

Before presenting the quantitative results, I introduce an additional statistic, distortion centrality,
inspired by Liu (2019). Distortion centrality is defined as the ratio of an industry’s efficient Domar
weight to its distorted Domar weight. Empirically, I proxy this ratio by the industry’s share of
nominal GDP after the COVID period relative to its pre-COVID benchmark.

Thus, the analysis employs three related statistics. First, the paper’s sufficient statistics are
derived from the full model and characterize the exact first-order responses and multipliers.
Second, the informative statistic, the scale-to-efficiency ratio, is shown to be informative under
a set of simplifying assumptions. Third, distortion centrality is motivated by the literature and
provides a parsimonious, empirically implementable sector-level index.

In the quantitative exercise, the scale-to-efficiency statistic also has a direct mapping to the data:
it corresponds to the ratio of a linkage’s size relative to GDP after COVID to its pre-COVID
benchmark. I report the resulting multipliers and examine how well distortion centrality and
scale-to-efficiency correlate with the model-implied sufficient statistics.

Regrading the subsidy-policy multipliers, I consider several distinct objects corresponding to

different fiscal instruments. The BEA Input—Output Accounts contain N = 71 sectors.

(i) Proportional production subsidy (node-level). A proportional production subsidy to
sector k subsidizes all of its input purchases uniformly. The associated multiplier is defined as

Z dlog YV
JENUFE  dryjy

Ak ’

and yields an N x 1 vector of multipliers, one for each producing sector.’

5In the model we have

Z ) dlog Yy Z dlog Yy d logYy
JENUF  d7y ¢ _ beCUN drppy dlog gy
Ak )\k )\k
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(ii) Linkage-specific production subsidy. These multipliers correspond to the main theo-
retical results of the paper. A subsidy can be applied to any specific buyer—seller linkage j — k,
generating an N x N matrix of multipliers.

(iii) Labor and capital subsidies (linkage-specific). These policies subsidize the use of
labor or capital by each producer. Since every sector can receive a subsidy on each factor, labor
and capital subsidies each produce an N x 1 vector of multipliers.

(iv) Consumption subsidy (linkage-specific). A consumption subsidy applies to the pur-
chase of final goods by the household. Because each sector can receive such a subsidy, this yields
another N x 1 vector of multipliers.

Results. Appendices C.1 and C.2 report the fiscal multipliers derived from the full model using
the calibration described in the previous subsection, under both integrated and segmented factor
market environments.

Table 2 reports the correlations between the distortion centrality statistic and the various mul-
tipliers. It shows that the distortion centrality measure is relatively informative in explaining
variation in the proportional-subsidy multiplier. However, as expected, its explanatory power de-
clines substantially for more targeted policy instruments, such as factor-specific subsidies (labor
or capital).

Table 3 reports the correlation between the scale-to-efficiency statistic and the multipliers. In
contrast to distortion centrality, the scale-to-efficiency measure is consistently more informative
for predicting link-specific multipliers, particularly consumption subsidies and subsidies applied
to factors that are integrated and inelastically supplied.

Table 2: Correlation of Distortion Centrality with Multiplier

Proportional Subsidy Consumption Multiplier ~Labor Multiplier ~Capital Multiplier

Distortion Centrality  (I) 0.9206 0.7865 0.4019 0.3531
Distortion Centrality — (II) 0.7555 0.7699 0.3968 0.3647
Distortion Centrality (IIT) 0.6824 0.7435 0.2509 0.3763
Distortion Centrality (IV) 0.6561 0.6590 0.2818 NaN

Note: (I) Cobb-Douglas economy with inelastic factors and integrated markets; (II) Cobb-Douglas economy
with elastic labor and inelastic capital under integrated markets; (III) Nested-CES economy with elastic labor
and inelastic capital under integrated markets; (IV) Nested-CES economy with elastic labor and inelastic capital
under segmented markets.

Table 3: Correlation of Scale-to-Efficiency with Multiplier

Production Subsidy Consumption Multiplier Labor Multiplier ~Capital Multiplier

Scale-to-Efficiency  (I) 0.9998 0.9992 1 1

Scale-to-Efficiency  (II) 0.9734 0.9310 0.8318 0.9591
Scale-to-Efficiency  (III) 0.9373 0.8861 0.7748 0.9051
Scale-to-Efficiency  (IV) 0.9207 0.7985 0.7071 NaN

Note: (I) Cobb—Douglas economy with inelastic factors and integrated markets; (II) Cobb—Douglas economy
with elastic labor and inelastic capital under integrated markets; (III) Nested-CES economy with elastic labor
and inelastic capital under integrated markets; (IV) Nested-CES economy with elastic labor and inelastic capital
under segmented markets.

It is worth highlighting the difference between cases (I) and (II) in Table 3. The only change
from (I) to (II) is that labor supply becomes elastic rather than inelastic. The theoretical results
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in Section 3.2.2 imply that, in the absence of propagation through government demand, scale-
to-efficiency remains a sufficient statistic for factor subsidy multipliers even when factors are
elastically supplied. Therefore, the fact that the correlation between scale-to-efficiency and the
factor multipliers is below one in case (II) is driven precisely by the introduction of the government
as an additional demand agent. This highlights an interaction between subsidy policy and the
presence of government demand: government-induced propagation breaks the exact sufficiency
result that would otherwise hold.

6.3 Spending Multiplier

Table 4 reports the government spending multipliers under integrated factor markets, while
Table 5 presents the corresponding results for segmented factor markets. Comparing the two
sets of results shows that the ranking of sectors with respect to their spending multipliers is
highly sensitive to whether labor markets are integrated or segmented.

Our calibration also implies that the labor and capital Leontief-inverse exposures sum to one.
Thus, when factor markets are integrated, the size of the government-spending multiplier is
positively aligned with the structure of the labor Leontief-inverse exposure across sectors: sectors
that require more labor, directly or indirectly, tend to exhibit larger multipliers. By contrast,
when factor markets are segmented, the ranking of spending multipliers is determined by a
richer combination of factor-specific Leontief inverses across sectors, weighted by a vector that
depends on substitution elasticities, factor-supply elasticities, pre-existing wedges, and the entire
input—output network, yet is invariant to the specific spending shock. Consequently, the mapping
from production network structure to fiscal transmission becomes substantially richer and less
linear when markets are segmented.

Table 4: Government Spending Multipliers with Integrated Factor Markets

Code Industry Spending Multiplier
493 Warehousing and storage 0.58853
5415 Computer systems design and related services 0.56768
623 Nursing and residential care facilities 0.56299
55 Management of companies and enterprises 0.54973
923 Securities, commodity contracts, and investments 0.54528
624 Social assistance 0.54373
61 Educational services 0.52359
GSLG  State and local general government 0.50776
621 Ambulatory health care services 0.50636
622 Hospitals 0.50503
452 General merchandise stores 0.49822
GFE Federal government enterprises 0.49374
561 Administrative and support services 0.48137
81 Other services, except government 0.46710
722 Food services and drinking places 0.45665
113FF  Forestry, fishing, and related activities 0.45412
54120P Miscellaneous professional, scientific, and technical services 0.44994
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Table 5: Government Spending Multipliers with Segmented Factor Markets

Code Industry Spending Multiplier
GFGD  Federal general government (defense) 0.68986
GFGN  Federal general government (nondefense) 0.65220
493 Warehousing and storage 0.63683
GSLG  State and local general government 0.62179
5415 Computer systems design and related services 0.55351
55 Management of companies and enterprises 0.55164
923 Securities, commodity contracts, and investments 0.53268
525 Funds, trusts, and other financial vehicles 0.52456
4870S Other transportation and support activities 0.52261
321 Wood products 0.51187
GFE Federal government enterprises 0.51068
561 Administrative and support services 0.50470
624 Social assistance 0.50378
623 Nursing and residential care facilities 0.49875
315AL  Apparel and leather and allied products 0.48542
54120P Miscellaneous professional, scientific, and technical services 0.47803
113FF  Forestry, fishing, and related activities 0.46662
452 General merchandise stores 0.45989
335 Electrical equipment, appliances, and components 0.44873
622 Hospitals 0.43867

7 Conclusion

This paper develops a tractable framework for analyzing linkage-specific fiscal policies in pro-
duction networks with link-level distortions. By modeling fiscal instruments directly at the level
of buyer—seller relationships and by treating the government as a distinct demand agent, the
framework moves beyond representative-agent environments and node-level analyses, permitting
a direct characterization of how fiscal interventions propagate through individual input—output
linkages.

The central theoretical contribution is a set of closed-form sufficient statistics that characterize
how link-level interventions (production, consumption, and factor subsidies, as well as targeted
government purchases) affect equilibrium prices, Domar weights, and real output. These statistics
make clear why the impact of a subsidy applied to a specific input-output link generally cannot
be reduced to the impact of a node-level wedge: optimal targeting depends on the interaction
between distortions and network propagation at the link level.

Building on these sufficient statistics, the paper develops a simple yet powerful empirical guide
for subsidy design: the scale-to-efficiency measure, defined as the ratio of a linkage’s efficient
size relative to GDP to its realized size in the distorted allocation. I show analytically why this
statistic is informative for subsidy policy targets. In particular, it identifies which sectors and
linkages are too small or too large relative to their efficient scales and therefore where marginal
fiscal support delivers the greater gains in real GDP.

Quantitatively, applying the framework to U.S. input—output data from 2019 and 2022, which
bracket the COVID-19 shock, I document substantial dispersion in fiscal multipliers across sectors
and instruments. A sector-level measure of distortion centrality, motivated by Liu (2019), is
informative for proportional production subsidies, but it is less sufficient for linkage-specific
subsidies. Instead, scale-to-efficiency provides a markedly more informative guide for subsidy
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targeting across a broader range of instruments, consistent with the paper’s theoretical prediction.

Under the calibration, a linkage’s scale-to-efficiency is proportional to the ratio of its realized scale
during the shock to its pre-shock scale. This mapping provides a rationale for the widespread
crisis-era practice of supporting the most adversely affected sectors and firms. Sectors or linkages
that contract the most during a crisis tend to be those that are most distorted relative to their
efficient scales, assuming the pre-crisis allocation reflects the efficient benchmark. Targeting fiscal
support toward these “most-hit” activities can therefore generate favorable general-equilibrium
effects by alleviating distortions and improving the allocation of resources.

The paper also characterizes the structure of government-spending multipliers. When factor mar-
kets are integrated, this characterization implies that sectoral spending multipliers are closely
aligned with labor Leontief-inverse exposure: the relationship is negative in a single-factor
(labor-only) economy, but becomes positive in a frictionless two-factor economy with elastic
labor and inelastic capital. When factor markets are segmented, spending multipliers depend
on a weighted sum of factor-specific Leontief-inverse exposures, where the weights are invari-
ant to the spending location. Thus, to understand heterogeneity in the sector-level spending
multipliers, differences in factor-specific Leontief inverse exposures are the key statistics gov-
erning cross-sector variation. Quantitatively, both the ranking and the magnitude of spending
multipliers shift systematically with the degree of factor-market integration.

Overall, the results underscore a clear policy lesson: where fiscal support is placed in the network
can matter as much as, and often more than, how much is spent. Subsidy policies implemented at
the granularity of individual buyer—seller links can generate substantially larger multipliers than
uniform and sector-wide interventions, precisely because they can be aligned with the distorted
margins that govern propagation. When considering government-spending (purchase) policies,
the structure of factor markets must be taken into account, as it fundamentally shapes how shocks
diffuse through the network. The sufficient-statistics toolkit and the scale-to-efficiency measure
developed in this paper provide a practical foundation for designing granular, network-aware
fiscal interventions during crises.

Beyond these findings, it is important to emphasize the scope of the analysis. The framework
is designed to study the cross-sectional allocation of fiscal support conditional on a given policy
instrument. The contribution is to determine, for any specified instrument, which sectors or
network linkages the government should optimally target. The question of which instrument
to use is distinct and has intertemporal, distributional, and institutional dimensions that lie
outside the scope of this paper. Likewise, the analysis focuses on the short-run, static effects
of linkage-specific policies. Although the sufficient-statistics results provide comparative-static
insights, a full dynamic treatment would require modeling intertemporal choices, capital adjust-
ment, and expectations. Finally, several features abstracted from here, such as heterogeneity
in price stickiness or differential investment rates across producers, may also influence optimal
targeting both through the model mechanism and in practice. Incorporating these elements
represents a natural direction for future work.
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A Additional Proposition

Proposition 3 (First-Order Responses in a Semiparametic Economy). Consider a semiparametic economy with arbitrary pre-existing wedges and let
i € CUGUNUF'. To first order, the effects of linkage-specific subsidy shocks, government purchase shocks, markup shocks, Hicks-neutral productivity
shocks, input-augmenting productivity shocksa and preference shocks are given by:
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Real GDP.
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Input—output linkages. The first-order change in linkages dlog ;s is given by Lemma 2.

Proof. See Appendix B.5. |

B Proofs

B.1 Price Changes

B.1.1 Price Change for i ¢ N (Nonparametric)

In the paper, x;j; denotes the total amount of input j used by producer ¢ to produce y;; units of output.
I use the a;j; denotes the amount of input j used by sector 7 to produce 1 unit of output y;; below.

In the following expression, the variables with a " represent the variables in the original cost duality problem, the variables with a ™ represent the
variables in the efficient allocation problem, and the variables without a hat or check are the variables under arbitrary distortion.

The original cost duality problem. For each producer i, let ¢;;(p;.t) be the unit cost function, dual to the non-parametric production function
(without productivity shock). It gives the minimal cost of producing one unit of output using prices p;.; € ]RerF . ¢i(+) is differentiable and
homogeneous of degree one in p;..

Then the unit cost-minimization problem non-parametrically is
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@ith | jeNUF

By Shephard’s Lemma: For ¢ € N and j € N U F'| Hicksian input demands are given by
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N ocit

Qijt = F7—
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Therefore, cost shares of intermediate and primary usage for producer i are
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The unit cost function ¢ (1, p;¢) is homogeneous of degree 1 in prices p;.; (from the cost minimization problem).
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Apply Euler’s theorem, it has
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Substitute this to the above expression, it has

dlogcy = Z Qijedlog pije
JEN+F

The above solution is exact. I now derive the first-order approximation, assuming that time 0 corresponds to the original steady state

Take a first-order Taylor expansion of

log ci¢ (pit) around pi.o

The first-order expansion is:
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Problem with no distortion When there is no distortion and wedge, the problem in our model is
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Since the production function is homogeneous of degree 1 ( constant return to scale ),
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Up to the first order approximation, it has
dlogp;y = —dlog Ait + Z Qij (d logﬁjt — dlogZijt)
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Problem with distortion The problem in our model is
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Since Euler’s theorem implies ;c np i = 1.

Up to the first order approximation, it has
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Interpretation of Qijt. In the problem without distortions, we have that

S
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Thus, Qijt can be explained as the element of the input-output matrix when the economy is efficient.

By combining the two expressions for Qijt in the problem without distortion and the problem with distortion. It has
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Regarding the government sector GG, there is no production function in the model. At any arbitrary steady state, we therefore have
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Thus, I define the entry of € corresponding to the government row as

This row represents the governnment spending shares across producers in aggregate government expenditure, evaluated in the distorted allocation.

First order effect on prices Define the Q7 as the N x N submatrix of { that contains only the producer-to-producer. It has
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dlogpis = Y Wiy, | —dlog Agy + dlog gy — Y . QujdlogZije — Y Qujdrje — > Qpepdreg
keN JENA+F JEN fer

+ Z Z ‘i/ikﬁkfdlogpft

fEF kEN

Using the identity that >,y \Illekf = Zf, it has

dlogpi = Y Uy [ —dlog A+ dlog e — > QuydlogZije — > Qujdrige — > Qupdrige | + > Wipdlog pye
keN JEN+F JEN fer fer



B.1.2 Price Change for ic CUGUNUF

Recalling the identify,
U =10=k+ > Qi
iENUF

Thus, \i/fleforfEFand\T/ileforfEF,iEFbuti;éf.
Thus, the following equation holds for For ¢ € N U F',

dlog p;s = Z \ilik —dlog Ay + dlog pige — Z ijdlongjt - Z ijdmjt — Z Qkfdmft + Z \ifif dlogpyi
keEN JEN+F JEN feF feF

From the cost-minimization problem of the aggregate consumer, the consumer price is

For i € C,

NUF NUF
~ 1 - - ~ - ~
dlogpct = Z QC’g(d logpgt - dlogTCgt + 1- 00 dlogwogt) = Z ch { Z \Ijgk —dlog A + dlog pr: — ' Z ijdZOQijt — Z ijdijt — Z Qkdekft
g g keEN JEN+F JEN fer
. NUF | NuF
+> Uy dlog pft] =Y Qegdlogreg + s > Qegdlogweg:
fer g g
NUF ) 3 )
dlogpc = [ D Qoglgr | —dlog Ape + dlogpure — > QujdlogZije — > Qujdrige — Y Qpepdripy
keEN g JEN+F JEN fer
) NUF NUF
=+ fGZF\IIif dlogpft] — ; Qcgdlogregt + 1~ oo ; Qcgdlogweg
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lengt = = |: Z \i’Ck —d log Akt =+ dlog Mkt — Z ijdlongjt — Z Qk:dekjt — Z Qkdek;ft

keEN JEN+F JEN feF
NUF | NuF
+ fEZF V;; dlog pft} Z chdlochgt —|— e Z chdlogwcgt

For i € G, by the definition that Qggq = Qcar

NUF NUF
dlogpay =), Qaa(dlog pa — dlograar) = Y Qad[z Uy [ —dlog A+ dlogpwe — Y QuydlogZij — > Qujdrige — Y Qnpdrgy
d d keN JEN+F JEN fer
~ NUF _
+ Z \I/Zf legpft:| — Z QGdlegTGdt
fer d

Thus, fori e CUGUN U F

dlog pit = Z Uy | —dlog Ay + dlog i — Z Qjdlog Zyj — Z Qpjdrije — Z Qppdripe

keN JEN+F JEN feF
NUF | NuF
+ Z U, if dlogps — 1{i € CUG} Z ngdlogngt + 1{i € C}i Z ngdlonggt
fEF g

From the utility maximization problem of the household, it has

1
n—dlogLft = dlogpyi — dlog)c,
f



ov

Since the nominal GDP is the numeraire, we have gf;]{f, = Ay. Using that dlog) s = dlogpy + dlogL sy,

1
—dlogL ¢y = dlog\yy — dlogL ¢y — dlogAc,

nf
Thus,
nf nr
dlog Ly = ——— dlogAsp — ———dlog A
g L ft 1+, g Aft 1+, g ACt
It has
dlog ps = dlog Mgy — dlog Ly, = dlog A sy — —— dlog At + —Y—dlog Ay = —— dlog At + ——dlog Acy
L+ny L+ny L+nf L+nf
Replace dlogpyss = ﬁ dlog Mgt + I_Z—Zfdlog/\cf/ to the expression, it has
dlogpi = » Wy | —dlog A + dlogpue — Y QjdlogZeje — > Qujedrige — »_ Qupdrige
keN JEN+F JEN feF
_ 1 NUF _ 1 NUF ~
+> Uy d( dlog Ay + —1 dlog/\Ct) ~1{i € CUG} Y Qygdlogrig + 1{i € C}—— > Qigdlogwig
e 1+ny 1+ny 7 1-06; 5

where dlog A;;, dlog Z;j¢, and dlog p;; are equal to zero for all i € C UG.

B.2 Nonparametric first-order approximation of Hicksian input demands

AUES. Let ¢ be twice differentiable in p;. Define the Allen-Uzawa elasticity of substitution (AUES) between input j and ¢ for the production of
k by
opU = WOk Chyit = % Chyijt = 7A82ckf
RILE ™ it gt T Opar T Opri Oprjt
Then the compensated (Hicksian) price elasticity satisfies
Ologakj = AU
dlog prit kit Ok it



v

Proof. By Shephard’s lemma, it has ¢y ;; = ag;t and cg j ¢ = Q-

By the definition, it has
dapje 0

OPrit  OPritOPrjt
Thus, the Hicksian elasticity is
Ologakjr  Prit Odgje

= Ckij,t

Dkt

Ologprit  akjt Obkit

From the AUES definition and ¢ ;¢ = agt, i j¢ = Grji, It obtains

SAU Ck,itChjt

" Ck,ij,t
ak]t 7]7

AU QkitQkjt

Ckvijv k?, t k}, ”,t
7 Ckt I Ckt
Substituting,
Ologagje — Prit [ _av GkitQkjt AU DrirGkit _ ¢ Av
0102 brr  ane, \ kit ™ o | T Okygit— o T Sokit Ok it
Og Pkit Akt Ckt Ckt
Since ¢y, is a function depends on all prices pg.;, thus
. o A N .
rjt = 5> = i; (Prits - > DEN+Ft)
Pkjit

Thus, up to the first order approximation, it has

01
dlog ;e = Z 0og alm

|;l3k.0 d1og prt-

Olo
1ENUF gka
where 21988kt | _ ¢ . AU
Olog prir |Pr-0 — 2k Ok g

dlogape = » Qi ofi5dlog prir-

1ENUF

_ (I—7kit) Mikipit

Now replace prt At Ziit

and dkjt = Aktijtakjt
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) L — Thit) Migipi
dlog(Aktijtakjt) = Z Qi U;‘:%dlog <( kit) Migip t>

iENUF Akt Zrit
_ 0 AU .
dlog ayjy = —dlogAye — dlogZyj + Z Qi 0% 35 (dlogpn — drgis — dlogApgs — dlongit> 9)
ieNUF
Using that >, Qkita,‘?’%’t =0
From this equation, it has that
dlog apjr = —dlogApy — dlogZpjr + > Qi o5, <dlogpz-t — dTpit — dlongit> (10)
iENUF

B 0log ag;
AU kjt
thﬂkmgt B m

To avoid introducing the original dual problem (the one with hat notation) in the main text, I use this equation to Hicksian price elasticity of the
input requirement in this eugation to express the AUES.

Mapping to a CES environment with preference and weight shocks.. The aggregate consumption block is parameterized with a CES
aggregator and may be subject to preference shocks. This subsection shows how to map the nonparametric theory to a parametric CES environment
with shocks either to production weights or to preference weights.

Each producer or consumption k& € C'U N chooses its inputs {l’klt}le Nup to minimize total cost, net of subsidies

Ok

1

1 0—1\ Ox—1
. 0 -5
(nin, E (1 = 7r1e) Mpuzpee st Akt( § wygy (ZrieTrre) ) > Ykt
TRt 1 e NUF IENUF

where Ay, is a Hicks-neutral productivity shock, Z; is a linkage-specific productivity shock associated with input [ € N U F', M}, is a pre-existing
wedge that affects the cost of purchasing from [ and wyy; determines the relative importance of product or factor I in the production of producer or
consumer k.



157

1

1—Tp1t) Miip P e |
Ut Miabie gng g, = Wiy Akt Zrie Ok

Given the Nested CES structure, now replace pg;; =
0. —1
wif " Akt D

It gives

1
(1 — 7hit) Mpipi
(Fep (1)

dlog(wyl,” " A Zpar) = > Qi oy, dlog
iENUF

0, —1
wkft At Zrit

Thus, for the CES economy with preferrene/weight shocks, it has

- 1 1
dlogagy = —dlogAge — dlogZyy + Z Qg Jé%dlog (dlogpjt — d1je — dlog Ay — dlogZyje — mdlog wkjt> - ﬁdlog Wit (12)
JENUF

Change in dlogf;;; for j € C UG U N U F In the main text of the paper, there is a parametric production function for aggregate consumption,
which is subject to preference shocks. For the producers, there is a nonparametric production function.

Thus, for k€ C + N,

~ 1 1
dlogagyy = —dlogAg: — dlogZy;: + g Qj a,‘é%dlog <dlogpjt — dryje — dlogZyj — 1{k € C’}ﬁdlog fwkjt) - 1l{k e C}ﬁdlog wie  (13)
. E— k—
JENUF

Using that >, ka’talég']i,t =0
dlogayj = —dlogAw — dlogZy;: + Z Qi aﬁ% (dlogpit — driiy — dlogZyy — 1{k € C}ﬁdlog wkjt> —1{k e C}ﬁdlog Wt (14)
iENUF

Using that dlogxy; = dlogagy: + dlog yie

dQy = dlogpy + dlogxyy — dlogpy: — dlogyr: = dlogpy + dlog ayy + dlog yi: — dlogpr: — dlogyi:



v

Qe = dlogpy + dlog agyy — dlogpiy

~ 1 1
= dlogpy; — dlogAyy — dlogZyy + E Qi a,‘:% <dlogpit — drgie — dlogZyyy — 1{k € 0}79 1dlog wkit> - l{k € 0}70 1dlog Wiyt — dlogpy
. k— k—
1ENUF

Using

~ 1
dlog pry = —dlog Ag + dlog pge + E Qi (d log pit — d1it — dlogZyy + 1{k € 0}79 1dlog wkit>
. E—
iENUF

~ 1 1
dlogQy, = dlogpy — dlog A — dlogZy + > Quiofiy) <d109pz't — Ayt — dlogZyie — 1k € C}y——dlog wkit> — Ik € C}—dlogwyy — dlogpy
. Kk — k=
1ENUF

- 1
= dlogpy; — dlogAg — dlogZyy; + g Qi U,’:% <dl09pit — d1ip — dlogZyyy — 1{k € 0}79 1dlog wkit>
A L —
1ENUF

1 ~ 1
—1{k € C}mdlog Whit — ( — dlog Ay + dlog pg + Z Qs (dlogpit — d7yit — dlogZyi — 1{k € C}mdlog wkit> )
IENUF

. 1

= dlogpy — dlogAy, — dlogZyy + § - Qyofh) <dl0gpit — dryis — dlogZyy — 1{k € C}ﬁdlog w,m>
, .
ieNUF

1 ~ 1
- 1{k € C}deOg Wy + dlog Agy — dlog pige — Z Qi (dlogpit — d7yit — dlogZyi — 1{k € C}mdlog wkit> )
iENUF

~ 1 1
= dlogpy — dlogZy; — dlog pgs + E Qi (a,?’g - 1) <dlogpit — d1it — dlogZyyy — L{k € 0}70 1dlog wkit> -k e C’}ildlog Wit
. k— k—
1ENUF
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dlogQyy = dlogpy — dlogZyy — dlog pge + Y Qi (ot — Ddlogpi — Y Qi (o7 — )(dfkmdzogzkit)

1ENUF 1ENUF

iENUF

1
Z Q;m ak ll -1) <]l{k‘ € C’}dlogwm> -k e C}ﬁdlogwklt
" —

= dlogpy — dlogZy; — dlog pg: + Z le ak h 1)dlogpir — Z le O'k h —1) (dTlm + dlogZ;m>

1ENUF 1ENUF

1 1
Z QC@ OC li — ) <0_1d log wC’it) - Hi—ld log weye
i€ENUF ¢ c

= dlogpy — dlogZyy — dlog s + > Qi (g — Ddlogpi — > i (o0 — 1)(d7,m —i—dlogZ;m)

1ENUF 1ENUF

+1{k € C}dlogwyy — L{k € C} > Qu; dlogwp
iENUF

See Appendix B.10 for the simplification of the last equality.
For ke CUN,

dlogQy = —dlog s + [5zz + Qi (o) — )] dlogpis — Y Qi (o] — 1)drise —

1ENUF IENUF

+ 1{k € C}dlogwre — I{k € C} Y O dlogwps
iENUF

Z |:5lz + Qki (O'l?,g — 1) legZ]m't
ieNUF
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dlogQy = —dlog s + [5& + Qi (0157 — 1)] dlogpit — Y Qi (o) — Vdrear — [5&‘ + Qi (o7 — 1) | dlog Zie
iENUF iENUF iENUF

+ 1{k € C}dlogwy; — 1{k € C} Z Qi dlog wyi
iENUF

Note that this equation also holds for k£ € F since Qf;; = 0 for f € F.
Note that (for j € Gandl e CUGUNUF)

dlogQciy = dlogpy; + dloggy; — dlogAay

I assume that the cross Allen-Uzawa elasticities for the government are identical with aéll]i = 1if [ # i, and the own Allen-Uzawa elasticities are

given by Ué,ll]l = — (lg;cl) This ensures that & + Qg (o,ﬁ% —1) =0 for k € G. Thus,

Forke CUGUNUF

dlogQyyy = —dlog jus + > [5% + Qi (o — 1)} dlogpis — (k ¢ G) Y Qi (ofy — Ddrpar — Y [5” + Qi (i) — 1) | dlog Zyi
1ENUF 1ENUF iENUF

+ 1{k € C}dlogwy; — 1{k € C} Z Qi dlog wi + 1{k € G}(dlogpy; + dloggy — dlogAc)
iENUF

where dlog Ay, dlog Zyj¢, and dlog puy are equal to zero for all k € CUG.

Note: We are not interested in subsidy shocks to government purchases. Nevertheless, the expression developed above can also be applied to this
case. The term —(k ¢ G) > e nyur i (073% — 1)d7ki; makes sure that d7gy; does not enter the expression for dlog Qg directly. In fact, it only
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changes the dlog Qg through the dloghgt. Solving the model shows that the effect of a subsidy to government purchases is zero. Intuitively, since
the subsidy to the government does not enter producers’ pricing conditions or the first-order conditions of producers and consumers, it has no effect
on producer prices or any quantity variables. It only affects the price index of government spending and, consequently, measured nominal GDP.

B.3 Proof for the change in real GDP

Normalization at the steady state I normalize the model such that, at the steady state, all prices are equal to one. The linkage-specific pre-
existing wedges at the steady state are set equal to the product of the Hicks-neutral productivity and the factor-augmenting productivity evaluated
at the steady state.

Normalization for the full model I assume that nominal GDP serves as the numeraire.
Since nominal GDP is the numeraire, we have

dlog GDP; = 0 = dlogY; + dlog P’

which implies

dlogV; = —dlog PY

where P} denotes the GDP deflator.

dlogY; = —dlogP) = — A\ (dlog p; — dlogrey) — AaQ' D (dlog py — dlogrey)

N N N N
= =Y AcQcidlogpis + Y AoQeidlog e — Y AeQaidlogpi + Y AaQaidlog Tau
i=1 i=1 i=1 =1

It has

N

N N
dlog; = = (AcQci + AeQai)dlogpit Y AcQeidlog e+ Y AaQaidlog Tai
=1 i=1 =1
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Thus,

N

dlog; = — Y (A\cQci + AaQai)
i=1

Z \i’zk —dlog Ayt + dlog pg: — Z ijdlongjt — Z ijdijt - Z Qkdekft
keN JEN+F JEN fer

N N
+ > Wipdlog pft} +) AcQeidlog i + Y AaQaidlog Tai
feFr =1 =1

Since

AU £ X600 = X — ¢

where e) = [Ac, MA@, 0, .., 0]1x (cUGUNUF)
It finally has

dloth = Z Xkdlog Akt — Z S\k <d log Mt — Z ijdZOQijt — Z ijdijt — Z Qkdekft>
keN keN JEN+F JEN fer

N N
=Y Apdlogpp+ Y AcQaidlogToi + Y AaQaidlog Tt
feF =1 =1

Note The expression for dlogY; derived above is invariant to the choice of numeraire. Under the alternative normalization dlog P} = 0, the same
algebraic steps apply, with the only modification being the replacement of the numeraire condition by dlog P} = 0 and the corresponding adjustment

dlogpyss = dlogpy + dlogY;

This normalization yields an identical final result.

From the utility maximization problem of the household and the above proof, it has
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1 n

dlogAhct

Replace dlogpy; into the GDP expression, it gives

dlog¥; = Ay (d log Ay, — dlog pe + Y QujdlogZyje + Y Qugmge + Y fdmft)
keN JEN+F JEN feF

N N
~ 1 77f
—E)\idlo)\ﬁ- dlog)\ +EAQ-dIOT-+E)\Q-dIOT-
= f<1+77f g Aft 1+ 7y 90t> - chicia log Teit 2 G LGia 1og TGt

B.4 Proof for the expression of d\;
NQ =X — ¢

where es = [A¢, A\g, 0,0]
NQ=)N—¢é,
Differentiate it,
ANQ + NdQ = d\' — dé)y
AN — dNQ = —NdQ + dely

AN (I — Q) = —NdQ + de,

dN = —NdQ(I — Q)1 4 deb(I — Q)7*
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AN = —NdQU + de, ¥

Fori e CUGU N U F, we have

D= > ( Yoo dezt) Ui + dAet¥ei + dAa Vi
leCUGUNUF \beCUGUNUF

die= Y ( > Ay dlog let) Vi + dActVei + dAar Ve
IECUGUNUF \beCUGUNUF

B.5 Proof of general expression

Forbe CUGUNUF

dlogQyy = —dlog e + [515 + Qs (oflfs — 1)] dlogpsy — (b2 G) Y Qs (0 — Vdrp — Y [515 + Qs (07} — 1) | dlog Zys,
sENUF SENUF seENUF

+ 1{b € C}dlogwy; — 1{b e C} Z Qs dlog wys; + 1{b € G}(dlogp;s + dloggy — dlogAgt)
sENUF

Fort e CUGUN U F, we have

A= Y < > Ny dlog let) Wi + dAct Ve + dAai¥ai
IECUGUNUF \beCUGUNUF

Q= > ( > [ —dloguy + Y [01s+ Qs (o312 — 1)]dlogp
leCUGUNUF *beCUGUNUF sENUF

—(0EG) Y Qe (oflly — Vimse — > [01s + s (o112 — 1)]dlogZus; + 1{b € C}dlog wyy
SENUF sENUF

—1{be C} Y Qs dlogwys + 1L{b € G}(dlogpy + dlogg, — leQAGt)} ) Uy +dAe¥ei + dAai P
sENUF
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d)\zt -

ZECUGUNUF bECUGUNUF

Ap€2y

leCUGuNuF beCUGuNuF

< o€y
ZECUGUNUF beCUGUNUF

b€y
ZECU UNUF beCuGuNuF
Aoy
leCUGUNUF bECUGuNuF
LU0 SR (D S
leCUGUNUF beCUGUNUF

+d et Vei + dAai Vi
the first term

>l

leCUGUNUF

>

< beCUGUNUF

>

< beCUGUNUF

the fifth term

Ao [ —dlog th] > Uy

2.

-seNUF

—(beG) Y Qs (ol - 1)drbst} ) U,
- sENUF

-2

- seENUF

1{b € C}dlogwy, — 1{b € C} Z Qs dlog wbst]>\11h-
- sENUF

[515 + Qs (o — 1)] dlogpst] ) Wy

|:5ls + Qbs (szg - 1):| dlogast:| > \I/ls

beCUGUNUF

1{b € G}(dlogpy + dloggi — leQAGt)] > Uy

2.

Ao [ —dlog Mbt] > vy

>

leCUGUNUF

Apdlog Mbt) Q¥

Apd log Mbt) (Wpi + i)
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S (2 e

1{b € Cldlogwy; — 1{b € C} > Oy, dlog wbstD\p”
leCUGUNUF *beCUGUNUF

SENUF

= Z <>\0ch [dlogwcu - Z Qc; dlog wcstD‘I’u
leCUGUNUF

seENUF

=X Y (QCleOQWCZt> Wi — >\c< > Qe dlog wCst> < > Qcﬂ’n)
leCUGUNUF

seENUF leCUGUNUF

beCUGUNUF

Z < Z Ao {]l{b € C}dlogwbl] ) %
leCUGUNUF
> (ACQozdlogwm) Wy

leCUGUNUF
government spending terms - the sixth with the seventh term
dlogG = dlogp; + dlogg;

Z < Z ApS [ﬂ{b € G}(dlogpy + dloggis — leW\G)]) Wy +dAct¥ei + dAai Ve
leCUGUNUF \beCUGUNUF

>

(AeQci(dlogpy + dloggy — dloghg)) Wi + dAet¥eoi + ANt Vi
IECUGUNUF

+ Y (Qaia(dlogpy + dloggy — dlogha)) Uy
lENUF

+dA\c¥ci + dAq¥q;
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Using that A\c + A\g =1

we have d\o = —\¢

+ Z (QaiAa (dlogpy + dloggr)) Wy
IENUF

— > (Qaradlogha) Uy
lENUF
+dAcVei +d eV

+ Y (Qaa(dlogpy + dloggy)) Wi
lENUF

— (AglegAg) (‘IIGZ' — ﬂ{i € G})
+dAcVei +dA\a¥a;

+ 3 (Qeaira(dlogpy + dloggr)) Wi + AcdloghcWe; + (1{i € G})Agdlogh
lENUF

+ Z (QaAa(dlogpy + dloggr)) Vi, — Agdlogha ¥ oi + (1{i € G})Agdlogha
lENUF

+ Y (Qada(dlogpy + dloggy)) Wi + [1{i € G} — Yol Aadlogha
IENUF
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using that dlogha = > e yur Qai(dlogpy — dlograiy + dloggit)

+ > (Qaa(dlogpy + dloggy)) Wi + [1{i € G} = VailAa Y (Qal(dlogpy + dloggi)) — e Y, Qall{i € G} — Veildlogran

leNUF leNUF leNUF

+ Y (Qaida(dlogpy + dloggy)) [\I’li +[1{i € G} - ‘PCi]] —Xe Y Qall{i € G} — eildlograu
IENUF IENUF

+ 3 Qaka(dlogp + dlogan) |+ [1i € G} = Woi| Ao Y Dail1{i € G}~ Veildlogran
leNUF leNUF

General Expression Thus, it has that fori e CUGUN U F

dAir = — ( > dlog Mbt) (W + ;)

bECUGUNUF
+ ) < S | Y [513 + Qs (07 — 1)] dlogpst} > Wy
IECUGUNUF N be CUGUNUF L seNUF
fY (X w080 X il - Dan )u
leCUGUNUF beCUGUNUF - sENUF
+ > < S| - ) [555 + Qs (0312 — 1)] leQstt} ) Wy
leCUGUNUF beCUGUNUF - seENUF
+ioe > (QCldl()nglt> Wy — )\c< > Qo dlog wcst> < > ch\l’h‘)
leCUGUNUF SENUF leCUGUNUF
+ Y (Qara(dlogp, + dlogg)) [\Illi +[{ie G} - \I’cﬂ}
IENUF

“Aa Y. Qall{i € G} — Veildlogray
leNUF
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B.6 Subsidy Shocks

dir =+ Z < Z A€ [ Z [515 + s (o — 1)} dloQPst] > Uy

leCUGUNUF *beCUGUNUF seNUF
fY (O - Y ol - v
leCUGUNUF beCUGUNUF sENUF
+ > (Qara(dlogp, + dlogg)) [‘I’Zi +[H{ie G} - \I’Ci]:|
lENUF

“Xa Y. Qall{i € G} — U¢ildlogray
lENUF

Differentiate the third term to 7y
In this term, only dlogp; depends on 7y

it gives

— k¢ CUGHY; > (Qasda(D T [\p +[1{ie G} - \I/Ci]]
sENUF keN

- 1 dlogA ng dlogAc
- Qasha(}_ O t) [\I/ﬁr]liéG —\111}
sG%JF ¢ G(; > ( 1+mn, dijt 1+n dijt ) s [ { } C }

the second term

- ( > My [(bgéG) > [Qbs(og‘}g—l)]TbstD\y”

leCUGUNUF \beCUGUNUF SENUF

when differentiate it with 7y;
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—-(k¢@) > (Akaz {[ij(azf,% - 1)]%;1}) Wy

leCUGUNUF

remove Tkt

—(k¢a) > ()\kal [ij(m?,% - 1)]) Wy

leCUGUNUF

=—(k¢G) D M [ijvﬁ%] Ui+ (kg G) Y. Ml [ij} Wy,
leCUGUNUF leCUGUNUF

now assume it is the case of CES

== ) [Qkﬂﬁ%] Uit > M [ij} Wy
I€CUGUNUF I€CUGUNUF

O, (1 - le)

=— Z AkS 2k [Qkﬂk} Wy — Al [ij(_ek - Q)] Wi+ Z kS [ng} Uy,

leCUGUNUF kl

= -\ [ijek} [Upi — L(k = 14)] — My { - Hk} Ui + g [ng] (Wi — 1(k = 1)]

= — (O — DA [ Vg — 1k = 0)] + O M, Vi

leCUGUNUF

Thus, the second term is consistent with the expression
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the first term

The change in prices such that

dlogp; =Y Wy | —dlog A + dlogug — Y QujdlogZije — Y Qujdrig — > Qppdreg

keN JEN+F JEN feF
) 1 " NUF | NuF
+ g Uir d(an dlog Ay + T 77fdlog)\c> —1{ie CUG} g Qygdlogrig + 14{i € C}q g Qigdlogwig
fer g g
F
dlog p; . ~ ( 1 dlogAf nf dlog)\c>
dTyjt (k ¢ C) Wl = \1 +ny  dry 1+np dry
F
dlog ps ~ « 1 dlogAf nf dlogAC>
=—1{k & C}V i + E LU
dijt { ¢ } R3Ckj ! <1+7]f dij 1+T]f dij

f=1

for a shock to 7y, differentite it to 7y,
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leCUGUNUF \beCUGUNUF sENUF

> ( > )\bez[ > {515 + Qs (o9 — 1)] legPs]) vy

~ -~ F 1 dlogAy ny dlog Ao
= > > /\bel[ > [(5;8—1—9{,3(05‘3%—1)}[—]l{kgéC}\I/stkj—i-z\I/sf( + )H Uy

leCUGUNUF \beCUGUNUF

SENUF = 1+ nf dij 1+ nf dij
=-UHk¢ Oy > < > Abel[ > [515 + s (oflfs — 1)} ‘i’skD Wy
leCUGUNUF \beCUGUNUF se NUF

F
+ Z Z )\bel[ Z [5ls+Qbs (a{fg—l)} [Z@sf< : legAf+ 7 dlog)\c)” Y
=1

IECUGUNUF \ becCUGUNUF SENUF L+ny  drg L+ny  dry;

The last term

=G 2 ienur Qa[l{i € G} — Yeildlograr
when differentiate it with 7y;

—(k € G)\ej[1{i € G} — V]

Thus, for the subsidy shocks
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dlog\; A .
9N _ (k¢ G) > < 2k O [[Qk] (oY — 1)]]) Uy — (k € Q) [1{i € G} — Ugy]
dTjt Ai
7 IECUGUNUF
_ A _ .
~H{k¢CUGHY; > ( > ;sz[ > [515 + s (oflfs — 1)} ‘I’skD Uy
IECUGUNUF \beCUGUNUF ~* SENUF

LR OV, Y (06 35(Y B Wi+ 11 € 6) - el
SENUF ' keN

ny dlog Ao

7

leCUGUNUF \beCUGUNUF sENUF

+ Y S 2 [ > [0+ s (0l - 1)] [zpjxiz ( L dlogh; |
3 S 1s + s (01,15 < sf T+mny dryy

Ac < 1 d log )\gt Mg d 10g ACt ) |: ) :|
! foay L2 + Uy + [1{i € G} — Vg
SEJEV;JF ¢ Ai (gz:l 1+mng drgj 1+mny dge ) [1{ } cil

B.7 Government Spending Shocks

for the government spending shock

forire CUGUNUPF

1+’I7f di’j

A -
dloghie = > ( > )\J’le [ > [515 + Qs (07 — 1)] dlogpst:| ) Wy

7

leCUGUNUF *beCUGUNUF SENUF

+ Z <QGl (dlogp; + dloggl)> [\Ifli +[1{i € G} — \IICZ]]
IENUF

government spending terms - the second term

))e
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+ ]l{k‘ §é cu G}QGk);\ﬁ |:\If]m + m{’b S G} - \IICZ]:|

F
A - 1 dlog\g ng dlogAct ,
Qa2 (ST, Ui+ [1{i € G} — Uy
" ( “n 2 g(1+779 dloggr +1+77g dloggn ) ¥ € 6 = ol

the first term is

)\b ~ AU ~ 1 dlog )\f nf dlog )\C
+ Z Z —Qu [ Z [513 + Qs (Ub,ls - 1)] [Z Wr < + Vi
IeCUGUNUF \ beCUGUNUF Ai SENUF fer L4y dioggr Ly dlogg

Put all together

dlog A\t
dlog gkt

=1{k ¢ C U G}Qck% [\Ifm +[{ie G} - ‘I’Cz’]]

\ ) ) dlog A dlog \
+ Z Z ;le[ Z [5lS+Qbs (Uf;}g_l)} [Z\psf(ljnf dl(?ogggk:+ - s C>” Y

1 dlo
IECUGUNUF \beCUGUNUF " SENUF fer M gGmt

Ao o 1 dlog )y ny  dlog ¢
+ QGs \i’s t + i |:\IJSl + 1{z € G - \I’Ci :|
se%;m Ai (fz:l e ng dloggre 14y dlogge ) e Gl |
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B.8 Proof of ), Qkita,‘f’%’t =0
Hicksian (compensated) demands ay;j:(pk.+) satisfy zero-degree homogeneity in prices

The cost-minimizing input bundle is homogeneous of degree zero in prices, since the cost-minimizing problem does not depend on the scale of prices

gt (APk-t) = gje(Phet)-

If f(p) is homogeneous of degree 0

Apply this to ayji(pr-t)

Divide by ayj; and rewrite

Z Drit 8akjt —0.

ieNur @ Oprit
Since ) ) )

Olog kit _ Prit gt

Olog prit  akjt OPrit
Therefore:

Z dloga Olog akjr _
0 log Pkit

Since
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Ologarj: ~ A
e = W05 1
0log prit Wkt

Thus it has

~ AU
> Qo =0

B.9 Comparing the parametric and non-parametric results in the CES economy.

Since the production function is parametric, the Hicksian demand can be solved through the cost-minimization problem. Combining this with
Pkt = Pkt + Cke, 1t follows that, for any pair (k1) with k € CUN and [ € N U F, the first-order change in the input-output linkage Q;; satisfies

dlog Qi = (1 — 0x) (—dlog Ags — dlog Zyr + dlog pyy — dlog prt) — Oxdlogpgs + 0x ATy + dlog wiy

Now i show that the expression this paper got based on the non-parametric derivation is consistent with this result.

In the Nested CES economy with elasticity 6, all the cross Allen-Uzawa elasticities are identical with a,?g = 0, if | # i, and the own Allen-Uzawa
s . 0, (1-
elasticities are given by a,’f% = —%.
’ kl
Now i show that For kK € C' U N, we could write the unit input requirement in the nested CES economy as the expression below is associated with
the correspondin

1
ﬁdloywklt (15)

- 1
dlog agy = —dlogAy — dlogZyy + Z Qg a,‘i%dlog (dlogpjt — d1yj — dlogZyjs — mdlog wkjt> - -

JENUF

In the Nested CES economy with elasticity 0, all the cross Allen-Uzawa elasticities are identical with a,ég = 0 if | # i, and the own Allen-Uzawa

o : 0 (1
elasticities are given by af% = —%.
’ kl

Now i show that For kK € C'U N, we could write the unit input requirement in the nested CES economy as the expression below is associated with
the correspondin



dlogayy = —dlogAyy — dlogZy;; + Z ijekdlog <dlogpjt — d7yjy — dlogZyj —

1 ~ 1
7dlog Wit | — leekdlog dlogplt — dilt — lenglt — 7dlog Wkt
JENUF -1 O — 1

O

Qi

_ Ok (1 - le) 1 1
— Qpy———=—" dlogpi; — driyy — dlogZy; — mdlog Wkt | — mdwgwkzt

- 1
dlog ayy = —dlogAyy — dlogZ;: + Z Qy;0rd log <dlogpjt — d7ijy — dlogZyje — mdlog wkjt>
JENUF

N Ok (1 - le) 1 1
—Qp <9k + — > (legplt — d7yy — dlogZyy — 1 dlog wklt) —o 1 dlogwy
le k — k—

3 1

dlog apy = —dlogAgy — dlogZyy + 0 Y . Qujdlog <dlogpjt — drje — dlogZyj, — 5——dlog wkjt>
. k —
JENUF

1 1
— Ok | dlogpyy — dryye — dlogZyy — ——dlogwyy | — ———dlogwyy,
0, —1 0, —1

> Myydlog <dlogpjt — dryj — dlogZyjs —

1
7_1dlog wkjt) = dlogpy + dlogAy, — dlogpuy
JENUF

O,

1 1
dlog ayy = — dlogAgy — dlogZy; + 0 (dlogpy, + dlog Ay, — dlogpy,) — 0y, (dlogplt — dry — dlogZyyy — 716“0@; wkzlt) - ﬁdlogwklt
e — e —

0 1
=(0r — 1)dlogAks + (6 — 1)dlogZyys — Ordloguy, — O (dlogpy — drie) + Oxdlogpy, + ekifldlogwklt — mdlogwklt

=(0r — 1)dlog Ayt + (O — 1)dlogZyiy — Odloguy, — Or(dlogpy — driyt) + Ordlogpy + dlogwy



dlogziy = dlogagy + dlogyry = (0 — 1)dlogAge + (0 — 1)dlogZyyy — Ordloguy, — Ok (dlogpy — drii) + Oxdlogpy + dlog yxr + dlogwy,

dlogziyy = dlog agy + dlogyry = (0 — 1)dlogAge + (0 — 1)dlogZyyr — Ordloguy, — Ok (dlogpy — driir) + Oxdlogpy + dlog yxr + dlogwyy

dlogQu = dlogp + dlog agy — dlogpkt
= dlogpit + (0 — 1)dlogAys + (0 — 1)dlogZyy — Odlogpy — Ok (dlogpy — dTrir) + Odlogpy, + dlogwyy — dlogpyt
= —(0, — 1)dlogpy + (0 — 1)dlog Ay + (0 — 1)dlogZyy, — Ordlogp, + Ordriy + dlogwyy + (0 — 1)dlogpy,
= (1 = i) (—dlogAy; — dlogZyy + dlogpy — dlogpy:) — Ordlogpy, + Ordry + dlogwyy,

B.10 Simplifying — ). Qi (aé{({i - 1) (ﬁdlog wcu) — gc%ldlog Wo

(@)
=~

- 1 1
dlogQs = ... — Z Qci (aé% -1) <6_1dlog wCit> e 1d10g WOt
iENUF ¢ c
Qci (00 — 1 L Qerfo——dl Q e <1_QCI) L L
== Z ci(fc — )(00_1 ngCit>+ Cl 090_1 ogwe + 2hci O 0o —1 ngClt_ac_l 0g wo

1ENUF

=..— Z QCidlog we + dlogwey
iENUF



C Additional Tables

C.1 Subsidy Policy - Integrated Market

Table 6: Industry-Level Proportional Production Subsidy Multipliers

Code Industry Proportional Subsidy
213 Support activities for mining 0.62109
525 Funds, trusts, and other financial vehicles 0.42598
483 Water transportation 0.42548
3361MV  Motor vehicles, bodies and trailers, and parts 0.32051
322 Paper products 0.24198
623 Nursing and residential care facilities 0.20987
313TT Textile mills and textile product mills 0.20206
ORE Other real estate 0.20069
GSLE State and local government enterprises 0.19791
311FT Food and beverage and tobacco products 0.19723
333 Machinery 0.19514
523 Securities, commodity contracts, and investments 0.19466
622 Hospitals 0.19071
485 Transit and ground passenger transportation 0.19026
721 Accommodation 0.18622
512 Motion picture and sound recording industries 0.18604
325 Chemical products 0.18560
Table 7: Linkage-Specific Consumption Multipliers
Code Industry C Multiplier
213 Support activities for mining 1.22930
113FF Forestry, fishing, and related activities 0.73881
486 Pipeline transportation 0.71178
483 Water transportation 0.66778
623 Nursing and residential care facilities 0.65862
493 Warehousing and storage 0.65499
322 Paper products 0.61595
323 Printing and related support activities 0.59231
61 Educational services 0.59197
GFE Federal government enterprises 0.56873
GSLG State and local general government 0.55319
621 Ambulatory health care services 0.54671
3361MV  Motor vehicles, bodies and trailers, and parts 0.54665
561 Administrative and support services 0.54088
523 Securities, commodity contracts, and investments 0.54020
485 Transit and ground passenger transportation 0.53879
T11AS Performing arts, spectator sports, museums, and related activities 0.53878
622 Hospitals 0.53823
624 Social assistance 0.52190
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Table 8: Linkage-Specific Labor Multipliers

Code Industry L Multiplier

211 Oil and gas extraction 1.15570

213 Support activities for mining 0.95342

324 Petroleum and coal products 0.79518

483 Water transportation 0.74978

482 Rail transportation 0.73896

485 Transit and ground passenger transportation 0.73528

486 Pipeline transportation 0.72530

721 Accommodation 0.71585

623 Nursing and residential care facilities 0.71381

532RL Rental and leasing services and lessors of intangible assets 0.70315

325 Chemical products 0.69304

GSLE State and local government enterprises 0.69220

622 Hospitals 0.68501

22 Utilities 0.68471

61 Educational services 0.68114

315AL Apparel and leather and allied products 0.67447

3361MV  Motor vehicles, bodies and trailers, and parts 0.66017

621 Ambulatory health care services 0.65881

Table 9: Linkage-Specific Capital Multipliers

Code Industry K Multiplier
493 Warehousing and storage 0.62253
61 Educational services 0.43331
3361MV  Motor vehicles, bodies and trailers, and parts 0.37592
623 Nursing and residential care facilities 0.29989
213 Support activities for mining 0.27949
622 Hospitals 0.25856
5415 Computer systems design and related services 0.24580
713 Amusements, gambling, and recreation industries 0.23357
524 Insurance carriers and related activities 0.23257
T11AS Performing arts, spectator sports, museums, and related activities 0.22699
513 Broadcasting and telecommunications 0.22096
621 Ambulatory health care services 0.22072
311FT Food and beverage and tobacco products 0.21514
337 Furniture and related products 0.20023
722 Food services and drinking places 0.17451
481 Air transportation 0.14824
624 Social assistance 0.13797
81 Other services, except government 0.13560
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C.2 Subsidy Policy - Segmented Market

Table 10: Industry-Level Proportional Production Subsidy Multipliers

Code Industry Proportional Subsidy
213 Support activities for mining 0.59388
525 Funds, trusts, and other financial vehicles 0.43300
483 Water transportation 0.41923
3361MV  Motor vehicles, bodies and trailers, and parts 0.30276
322 Paper products 0.24125
311FT Food and beverage and tobacco products 0.22272
313TT Textile mills and textile product mills 0.20401
GSLE State and local government enterprises 0.20104
623 Nursing and residential care facilities 0.19675
ORE Other real estate 0.19568
333 Machinery 0.19310
325 Chemical products 0.18642
523 Securities, commodity contracts, and investments 0.18547
337 Furniture and related products 0.18320
111CA Farms 0.18084
486 Pipeline transportation 0.17865
Table 11: Linkage-Specific Consumption Multipliers

Code Industry C Multiplier

213 Support activities for mining 1.03520

113FF  Forestry, fishing, and related activities 0.74855

483 Water transportation 0.71682

493 Warehousing and storage 0.69720

GSLG  State and local general government 0.65459

322 Paper products 0.61826

623 Nursing and residential care facilities 0.59951

GFE Federal government enterprises 0.58272

486 Pipeline transportation 0.58111

323 Printing and related support activities 0.56748

561 Administrative and support services 0.56064

5923 Securities, commodity contracts, and investments 0.52769

61 Educational services 0.50003

485 Transit and ground passenger transportation 0.49950

624 Social assistance 0.48480

99 Management of companies and enterprises 0.48240

621 Ambulatory health care services 0.47765

622 Hospitals 0.47729

315AL Apparel and leather and allied products 0.47406
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Table 12: Linkage-Specific Labor Multipliers

Code Industry L Multiplier
211 Oil and gas extraction 0.92020
213 Support activities for mining 0.82405
486 Pipeline transportation 0.71521
324 Petroleum and coal products 0.69623
483 Water transportation 0.68624
482 Rail transportation 0.67900
485 Transit and ground passenger transportation 0.67692
532RL Rental and leasing services and lessors of intangible assets 0.67348
721 Accommodation 0.66088
623 Nursing and residential care facilities 0.65406
315AL Apparel and leather and allied products 0.65099
GSLE State and local government enterprises 0.64524
325 Chemical products 0.64420
22 Utilities 0.63178
622 Hospitals 0.63132
61 Educational services 0.62628
3361MV  Motor vehicles, bodies and trailers, and parts 0.62249
T11AS Performing arts, spectator sports, museums, and related activities 0.62047
621 Ambulatory health care services 0.61011
713 Amusements, gambling, and recreation industries 0.59922
452 General merchandise stores 0.59859
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