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A. Omitted Proofs

A.1.  Proof of Proposition 1

Proof. This proof is a Corollary of Proposition 8, presented in Online Appendix B.2. From
Proposition 8, recall that:
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Under Assumption 1, this reduces to:
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Simple matrix manipulations show that one may extract just the first Z* rows:
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A.2.  Proof of Lemma 1

- -1
Proof. Starting from Proposition 1 and using that the modulus of C},l},L" (I - X 1) is

less than 1, we can express:
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where the last line uses the definitions of G and dy', and the fact that TTQ; =17 (by
construction).

Finally, 170Q" = 170y" because 17 - lilLl(I - XH = 17, since firms earn zero profits.
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A.3.  Proof of Proposition 2

Proof. Let b = 17(I — Gin)~" be the vector of Bonacich centralities of households in the
income-to-spending network; these are well-defined as we have assumed the modulus of Gm
is less than one. Let (b"*Y)T = bTG be the row vector with n'* entry equal to the average
Bonacich centrality of the household to whom n’s marginal spending flows.

We begin by providing a lemma that exactly decomposes the general equilibrium change
in output in terms of Bonacich centralities.

Lemma 2. For any x € R, the total change in first-period output due to a partial equilibrium
demand shock with unit-magnitude labor income incidence Oy' is equal to

7ay" = (1+ 2 Egp[ma)) + Eopr [ma] (Eay [b2%] — 2) + Covgy [mn, b2e] (OA5)

Setting x equal to the m multiplier with the MPC weighted by income y*, we obtain
an exact decomposition in the spirit of Proposition 2.
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~ ~ - Homophily effect

Biased MPC' direction effect

Proof. Note that Proposition 1 implies that the change in output resulting from some shock
with unit incidence is given by

1Tdy?t = pToyt = 170yt + b" Groy (OAT)

Let b7 = pT'G be the row vector with i"" entry equal to the average Bonacich centrality
of the household to which i’s marginal spending flows. We then have, for any x € R:

7dY" = 1 + B [mn "] = 1 4 Egyi [my,] - Eoyt [D2] + Covayi [m,, b2

. . (OARB)
= (14 z - Espn[my]) + Egp[my] (Eay [b2] — z) + Covayi[my,, bh]
m
We can now prove Proposition 2. First, note that:
by =1+mn+O0(mP) =1+ —"" + O(jmf) (OA9)
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Substituting this into Equation OA6, we have
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Rearranging yields Equation 18. O]

A.4.  Proof of Proposition 3
The full version of the planner’s problem, Equation 20, is
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Proof. To begin, we define ! to be n’s marginal value of additional expenditure in period
t,ie. for all i, ul, = &l (recall prices are normalized to one). Therefore,
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Next note that in the second period, free labor supply implies v’ = k2. In the first, there
may be some wedge A,, such that v}’ = k! (1 + A,); a positive wedge indicates that n works
as if the wage was higher than it is, i.e. oversupplies labor; a negative wedge represents



involuntary un(der)employment. In these terms, we have
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Next, define X, = A,x%. Also note that Z—%ﬁffl =1fort = 1. For t = 2, we use the
modified Euler equation: .

L+rt
T ¢n/<n (OA14)

where ¢, is a borrowing wedge. ¢, = 0 is positive when households behave as if interest
rates are higher than in reality, i.e. consume more in the future than they would like; this
corresponds to borrowing constraints. This gives us
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Differentiating the household’s lifetime budget constraint (at constant r!):
17dc? — di2 dr?
Tdet — il + —2n " %o g1 OTn (OA16)
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Plugging this in, we have:
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For households with non-strictly-binding borrowing constraints, ¢, = 0. For households
with ¢, > 0, the borrowing constraint binds:

sb=10 — 71— 1T¢ — 17dc! — dIt = —dr (OA18)
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Defining the within-period willingness to pay for government expenditure as WT P! = u;ﬁt,
we arrive at the final expression:

~ dr? WT P2
_ _ 1 _ 1 _ n 1 1 _ n 2
dw anGN Antin | = Andl} <d7’n + (1= o) 7’1> + (WTPndG + (1= 6n) - 1dG ) ] (OA19)
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A.5. Proof of Proposition 4

Proof. The proof of this result relies on material in Online Appendix B.6 on characterizing
optimal fiscal policy; consult this section and the results therein before proceeding with this
proof.

We first prove the result for first-period transfers. At any optimum, we know that



Equation OA86 must hold for all policy variations 7! € RY that only vary first-period

transfers, keeping other instruments fixed. Taking 7! = ¢, the nth basis vector, we see that:

(3" - »yf): — (NAR' (1 - CchRrY) " C) (0A20)

n

Stacking these equations over n, we obtain:

-1

(x- yf)T = MAR' (I - CLRY) ' Cl (OA21)

Since {e,} is a basis and Equation OA86 is linear, this equation fully encompasses the
optimality condition of Proposition 13 with respect to first period transfers.
We can simplify this system of equations. First, see that:

R'(I-CLR")'C), = Z RY(ClL R"rC), = Z R'C} (OA22)

Adding AT A to both sides of Equation OA21, we therefore obtain:

~ AN

(X(1 +A) - VT)T — 3A (1 - Rlc;l)*1 — (X(1 +A) - VT)T (1 - RIC;1> —3TA (0A23)

Now, express RlC’?}l = Rléilm. Recognizing that all columns of the spending-to-income

matrix R16;1 sum to one, as total spending is equal to total factor income, and—by

assumption—that Xn(l + A,,) is constant across all households n except for those for which
the n' row of R'CY, is zero, (OA23) can be rewritten as:
~ ~ AT ~ep A~
(m +A) - 71) (I —1m) = ATA (OA24)
We therefore have all, for all n, that
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We prove the result for first-period government spending in an analogous way. To begin,
consider Equation OAS86 for policy variations G € R that only vary first period expendi-
ture. Again considering each basis vector of RZ" and stacking we obtain:

T 1 T | YTA pl YT A pl 1 ply—1,1 pl
0=MNWTP —(vy1I" + AR ) — A" AR (I—Cle ) Cle (OA26)
This can be rewritten as:
NWTP! — 417 = XTR'A(I — CLRY)™ (OA27)

From the assumption that the social gains from government expenditure equal v, we have



that A'WT P! = &. Moreover, by definition AA = NAR. Hence (OA27) can be rewritten as

-1

o7 — 417 = XA (1 - CuRY) (OA28)

Next, define m; = (mTRl)z. to be the rationing-weighted average MPC in the production

of good i and let i be the corresponding matrix with m on the diagonal. Moreover, define
Cjyi = (01 RY);i/Mm; to be the average direction of consumption of workers producing i,
weighted by their MPC and marginal rationing in i’s production.*! Crucially, note that

Cm = C,i R' by construction and that 17Ci = 1T
17Cim = TTCLR' = m"R' = " (0A29)

The first order condition for expenditures (OA28) is therefore equivalent to:
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A.6.  Proof of Proposition 5
Proof. Under the proposition’s assumptions, Equation 21 reduces to:
TdT2
AW = pTdi* — pdrt - E A31
W =pu prdr =5 (OA31)
Moreover, by Equation 22, we have that:
fdl' = R (I — CLRY ' (dG* — ¢ ( fidr! + fudr” (OA32)
pat = v y \ MO T

Combining these equations and rearranging:
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Finally, one may add terms proportional to ¢ dG2 = 0. O]

“1For any i with m; = 0, define Cji in any way satisfying > (?ji =1.
J



A.7. Proof of Corollary 1
Proof. We first show that, if the bias and homophily effects are zero for all output and transfer

shocks relative to some baseline income incidence y*, then either m,, = 0 or m2™* = E,«[m,].
We then use this fact to obtain the conclusion of the corollary.

To start, fixing a single type n € N, consider the bias term corresponding to a transfer
shock with direct incidence oy* = é, (i.e. only transfering to n).

blasa L = Eap[my,] (]an [m2*] — E, [mn/]) =my, (mneXt — E « [mn/]) (OA34)

n

The assumption that this is zero then implies that either mn =0 or mneXt = Ey«[m.].
To apply this fact, recall the definition m2™* = mTRle1, where Cyl is the normalized

matrix of spending directions, i.e. C’;l = 6;1 m. Our previous observation—that for all n,
my, = 0 or mp™* = Ey«[m,]—then implies that m” R'C}, = (m"*)"m = Eyx[m,y] - m?.
Applying this fact to the multipliers in Equation 25, we have
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Moreover, we have that:
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Substituting (OA35) and (OA36) into Equation 25 completes the proof. O

B. Additional Results and Extensions

Here we provide results on properties (including existence) of rationing equilibrium (B.1),
derive the multiplier with interest rate effects (B.2), allow for imperfect competition with
fixed markups (B.3), generalize our decomposition results to account also for supply shocks
(B.4), analyze benchmark cases in which the network adjustments to the Keynesian mul-
tiplier are zero (B.5), provide first order conditions for optimal policy (B.6), and consider
policy in the environment with imperfect competition (B.7). In the Supplementary Mate-
rial, we extend the baseline model to many periods (allowing for an infinite horizon) (A.1),
study the structure of the multiplier in a more canonical flexible-wage equilibrium (A.2),
and provide a network reinterpretation of the multiplier at the zero lower bound (A.3).



B.1.  Equilibrium Properties

In this Appendix, we ensure our analysis of the multiplier is well-posed and eliminate
any nuisance terms that unnecessarily complicate the analysis. To this end, we first provide
a no-substitution theorem that ensures prices are technologically determined — and thus
independent of demand — and, second, prove the existence of a rationing equilibrium.

The following technical conditions on production technologies and household preferences
are sufficient for the no-substitution theorem. Assumption 3 provides basic technical con-
ditions on production and Assumption 4 imposes a simple positivity condition on demand
such that there is demand for all goods.

Assumption 3. For all i and z;, production F(X;, L;, z;) is continuous, weakly increasing,
strictly quasi-concave, and homogeneous of degree one in (X;, L;). Further, labor is essential
in production, i.e. F(X;,0,2;) =0, and production is strictly increasing in labor. Finally,
there exists some D € ]Rf and {X;, Li}Yicre s.t. for alli, F(X;, Li, z;) = 1 and pX; + L; < p;.*2

Assumption 4. For any o,y*,7,0: for each good i, some household type n has c!; > 0.
Under these two rather weak assumptions, we can show that:

Proposition 6. Under Assumptions 3 and 4, for a given z', there exists a unique p* consis-
tent with rationing equilibrium, independent of demand.

Proof. We follow closely the proof technique used in Acemoglu and Azar (2020). We will
prove the result for an economy with arbitrary time horizon for maximum applicability. Fix
a time period t vector of productivity parameters z. For each i, define the unit cost function:

ki(p) = min pX; + L; (OA37)
F(X;,Li,2)=1, Xi,Li=0
The minimum is well-defined owing to Assumption 3, which states that F is strictly increasing
in labor, CRS, and strictly quasiconcave.

We now establish properties of the unit cost function on the domain p € RZ. First,
since labor is necessary for production, r;(0) > 0 for all i. Second, by the last part of
Assumption 3, there exists p such that x;(p) < p, for all 7. Finally, x;(p) is weakly increasing
in p by inspection. These three properties establish that x(p) = (k1(p),..., kz(p)) maps
0 = xL, [0,p;,] — O and is weakly increasing. Moreover, Q is a complete lattice with
respect to the following operators:

pAqg= (mln<p17 QI)J "'7min<p_'[7 QI>) and bVvg= (ma‘x(plv QI)7 SE) max(pl—u qZ))
(OA38)

By Tarksi’s fixed point theorem, the set of fixed points {p € RZ | x(p) = p} is therefore a
complete lattice.

In order for p to be consistent with either our flexible-wage or rationing equilibrium,
all operating firms must make zero profits. Assumption 4 implies that all firms operate in
equilibrium, so p = k(p) is a necessary condition for any equilibrium. It therefore remains

42 A sufficient but not necessary condition is that every good can be produced using only labor.



to show that x has a unique fixed point. To this end, we first show that each x; is concave.
For price vectors p and ¢ and A € (0, 1), we construct the price vector:

P =M+ (1-N)g (OA39)
By cost minimization,
ri(p) < pXi(pY) + Li(pY)  and  wilg) < ¢Xi(pY) + Li(pY) (OA40)
It follows that:
ki(PY) = P Xi(p") + Li(p) = Mei(p) + (1 = Mri(g) (OA41)

establishing that each k; is a concave function.

Toward a contradiction, suppose s has more than one fixed point. Then since the set of
fixed points is a complete lattice, there must exist distinct fixed points p*, p** with p} < pi*
for all i. Now take A to be given by the following:

A =min % (OA42)
€l p;
Note that A € (0,1) since p >> 0 for all fixed points p, since x;(0) > 0 for all i and & is

weakly increasing. We have that pf > Ap* for all i € 7 with equality for at least one j by
construction. For this j such that p = Ap:*, we then have

0=r;j(p*) —pj = £;(A™) = Ap;™ = (1 = A)k;(0) + Ar;(p™) — Apj™ = (1 = A);(0) > 0 (OA43)

where the first line follows from the zero profit condition, the second line follows from the
fact that x; is weakly increasing and A € (0, 1), the third line follows from concavity of &;,
the fourth line follows again from the zero profit condition, and the final line follows from
positivity of costs. This is a contradiction. Hence, there must be a unique fixed point at all
times t. This implies the stated result and also makes the no-substitution theorem applicable
to Supplementary Appendix A.1 where we extend the baseline model to allow for multiple
time periods. O

The existence of unique, positive prices p'(z'),p?(2?) € R consistent with equilibrium
allows us to reduce the number of endogenous price variables in considering comparative stat-
ics that keep 2! and 22 fixed, allowing us to keep track of just the real interest rate. Implicit
in this no-substitution economy is the assumption that good prices respond instantaneously
to changes in technology, which is irrelevant in the case of demand shocks.

Moreover, combining Proposition 6 with constant returns to scale technology implies a
simple form for aggregate input and labor demands. Formally:

Corollary 2. The aggregate input demand X'(p', Q") and labor demand L'(p', Q') vectors
are given by: ) R
X' =X(NHQ" L' = L(z"HQ! (OA44)

where X (') is the matriz with i" column X;(2') and L(z') is the diagonal matriz with i"
entry L;(2").



Proof. Fixing z, by Proposition 6, there exists a unique price vector p(z) consistent with
equilibrium. The unit input demands for any firm ¢ at this price solve the following program:

A~

(Xi(2), E,(z)) = arg min p(2)X; + L; (OA45)

(XivLi) s.t. F(X“L“ZI)Zl
CRS then implies that for a firm producing @); units in equilibrium,
Xi = Qz)?z(z) L; = sz/z(z> (OA46)

Stacking these equations over Z* gives

A ~

X' =X(EHQ' L' = L(zHQ! (OA47)

]

Proposition 6 implies two additional, useful results. First, the Leontief-inverse matrix
always exists. Second, one can use the Leontief-inverse to obtain a useful closed-form expres-
sion for the demand-independent prices. This is stated formally in the following corollary:

Corollary 3. The Leontief-inverse matriz (I — X (z))™*

uniquely by the following expression:

exists. Moreover, prices are given

—

p(z) = (I - X(2)") " L(2)] (OA48)

Proof. We first prove that the matrix (I — X (z)) is invertible. The zero-profit condition for
all 7 implies that:
p(2)Xi + Li = pi(2)Q; (OA49)

Normalizing by the quantity yields:

~ ~

p(2)Xi(z) + Li(z) = pi(2) (OA50)
Stacking this equation yields the matrix equation:

L)1+ XT(2)p(2) = p(2) (OA51)
This allows us to solve for the unit labor demands as the unique diagonal matrix such that:

L(z)T = (I = X(2)T)p(2) (OA52)

Iterating this equation k£ € N times yields:

~

p(z) = (14 X7+ + (X)) LT+ (X)) () (OA53)

Recall that X (z) is non-negative, z(z)f is strictly positive because labor is essential, and p(z)
is positive. A necessary condition for p(z) to exist is therefore that ()A( (z)T)k — 0ask — oo.
This implies that X (2)T (and therefore also X (2)) has modulus strictly less than unity. Tt
is immediate that the inverse (I — X (z))f1 exists. (OAb52) then implies the result. O
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Throughout the paper we will write X*, L! for X (z"), L(z!) when 2! is fixed. We write X
and L for the block-diagonal matrices composed of X! and X2, and L! and L2 respectively.

We now proceed to establish that the analysis of equilibrium is well posed by providing
regularity conditions under which equilibria exist. To this end, we assume basic continuity
properties of demand and that household consumption in the first period is bounded away
from fully consuming first period income as income grows large.

Assumption 5. The primitives satisfy the following properties:

1. The consumption and labor functions c!, and I} are continuous in r' and y'.

2. For all n, 0,7y, 0,, ptct(o,y), 7, 0,) is weakly increasing in y..

3. For any p,T,0: there exists y € R, and ¢ < 1 such that for allm e N, r' € [r,T], and
yl > 7, we have that p'cl(o,yl, 7, 0,) < cyl.

4. Interest rates have an upper and lower bound, i.e. r*(Q) € [r,F] and r is differentiable.

This assumption is extremely mild and satisfied by virtually all standard household prob-
lems of which we are aware.*> With this additional structure we are now able to prove the
existence of rationing equilibria for the economy under consideration.

Proposition 7. Under assumptions 3, 4, and 5, there exists a rationing equilibrium.

Proof. Fix all exogenous parameters. Note that by Proposition 6, prices p* and p? are pinned
down by technology and so can be taken as given as well.

The outline of the proof is as follows. First, for any interest rate r*, we construct a
function W¥,: that maps vectors of first-period income to vectors of first-period income and
show that any fixed point of this map corresponds to an equilibrium with constant r!.
Second, we extend this map to construct a second function ¥ that takes as inputs both a
vector of incomes and an interest rate, and we show that any fixed point of this extended map
corresponds to an equilibrium of the model. We then apply Brouwer’s fixed point theorem
to ¥ to show that such a fixed point exists.

First, by Assumption 5 we have the following two facts:

1

1. For any p',p? 7,0: p'ct(o,yl, 7n,60,) is weakly increasing in y. for any n, r' € [r,7]
2. For any p', p? 7, 0: there exists some y € R, and some ¢ < 1 such that p'c! (o, y}, 7., 60,) <
cyl for all m, y! > 7, rt e [r,7]

Thus, for any vector of incomes %', first period consumption spending p'C' is bounded

above:
p'Ct <ey +el'yt (OA54)

Thus, aggregate spending is bounded above by:

p'Ct + p Gt <y + T/yl) + max prGr(pt,p?,rt, T, 00) (OA55)

relr,7

43t is easy to see how Assumption 5 holds if households are utility maximizers whose utility functions
satisfy various standard assumptions. Existence and continuity of the consumption and labor functions
follow from continuity and quasiconcavity of utility, and from Berge’s theorem. Satisfying the lifetime budget
constraint follows from non-satiation. Consumption being asymptotically bounded away from first-period
income follows from sufficiently decreasing marginal utility.

11



where this maximum exists by continuity of G'(-) in r! and compactness of [r,7|. Since
¢ < 1, it follows that there exists Y such that if y' € Y! = {y' € RY | I'y! < Y}, then
aggregate spending—and so, as all spending flows to wages, also the resulting aggregate
income—is weakly less than Y. Formally:

vrle[r, 7]yt eV 1! (Zl(l — XY (CYo,y" T 0) + G oyt T, 96‘))) eY' (OA56)
This observation allows us to define, for any r! € [r, 7], a function ¥,. : Y1 — Y'! given by:
Wa(y') = 1 (21 = X7 (CHo',7.0) + G 0,0, 760)) ) (0A57)

where recall o denotes (p', p?, ') and where the previous argument establishes that ¥, (y')
is indeed contained in Y*. Moreover, continuity of [*(-), C*(-) and G'(-) establishes that ¥,
is a continuous function.

Second, we define an extended function ¥ : Y x [r,7] — Y

x [r,7] by setting:
Uy r') = (Ua(y'), r(Q)) (OA58)

where Q = (Q', @?) is given by Q' = (1 —)A(l)_l (CYo,y*,7,0) + G'(0,y*,7,05)) and where
r1(-) is the monetary policy function, which recall selects an interest rate in [r, 7].

Third, we now claim that ¥ has a fixed point (y',r'). This follows from Brouwer’s
theorem: Y! x [r,7] is a compact, convex domain, and ¥ is continuous because /() and
r1(-) are continuous, ¢! (0,9}, 7., 0,) is continuous in y} and r!, and G*(p, 7, 0¢) is continuous
in rt.

Finally, given a fixed point (y',7') of ¥, we can construct a rationing equilibrium as
follows: Let p' be the no-substitution-theorem prices implied by 2. Let ¢!, 2, and G!
be given by the relevant functions taking in prices p!, real rate r!, and incomes y'. Let
production in each period be:

Q' =(I-X")YG +CY (OA59)

The definition of the consumption, labor supply, and government spending function ensure
that household and government budget constraints hold. The construction of Q* ensures that
each goods market clears. Because (y!,7!) is a fixed point, first period income is consistent
with the rationing function and the first period labor market clears; also because (y',r!) is
a fixed point, the interest rate r* = r!(Q) is consistent with central bank policy. Finally, the
second period labor market clears by Walras’ law. O]

As we have established conditions under which an equilibrium exists, our analysis of
equilibria going forward will be well-posed. While the fixed-point theorems we use are famil-
iar, we employ a somewhat different strategy to usual existence proofs in (i) leveraging the
structure of no-substitution and (ii) clearing markets intertemporally and then constructing
intratemporal market clearing from the resulting fixed point interest rate. This provides a
common structure to both rationing equilibrium and flexible-wage equilibrium (see Supple-
mentary Appendix A.2) existence and may be useful to other authors proving equilibrium
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existence in economies with labor rationing.

B.2. The Output Multiplier with Interest Rate Effects

In Section 3, we assumed with Assumption 1 that the output multiplier was comprised
solely of income multiplier effects, either due to interest rates not responding to output or
households not responding to interest rates. For completeness, we provide below a version
of the multiplier in Proposition 1 that takes these effects into account.

Proposition 8. There exists a matriz M such that for any small shock to parameters ox €
Span{dfq,dl, dr,dz}, there exists a selection from the equilibrium set such that the general
equilibrium response in output is given by:

dY = MoQ (OA60)

where 0Q) is the partial equilibrium change in production associated with 0x stacked over time
periods. Moreover, the matrix M is given by:

CLILLLY + (CL + GL)rh, (CL +GL) ke

Ay -1\ 7t
M=|I-D(I-X h D= ~
( ( ) ) wnere C2UL L'+ (C2 + G2) by (CA 4+ G2)rhs

(OA61)

Proof. The existence of two nearby equilibria is a consequence of the upper hemicontinuity
of the equilibrium set in the parameters. Consider a sequence of parameters {w,,} such that
w, — w. By Proposition 7, we know that for each w, there exists a corresponding set of
equilibria &,. Moreover let £(w) be the set of equilibria corresponding to the limit w. Now
consider an arbitrary sequence of equilibria {e,} such that e, € &, for all n € N and e,, — e.
Toward a contradiction, suppose that the set of equilibria is not UHC in the parameters,
i.e. e ¢ E(w). It follows that one of the following does not hold at e: household budget
balance, government budget balance or market clearing. But by Assumption 5, continuity
of the fiscal rule, continuity of the interest rate rule and continuity of the rationing function,
we know that all functions in these expressions are continuous. It follows that there exists
m € N such that e,, ¢ &, a contradiction. This completes the proof that the equilibrium
set is UHC.

Totally differentiating the interest rate rule, we can express the change in the real interest
rate in terms of changes in demand:

dr' = ridQ' + ripdQ® = rHdQ (0A62)

Now, stacking the vectors that represent periods 1 and 2, we perturb the goods market
equilibrium conditions. Our differentiability assumptions allow us to express

dQ = XdQ + X.dzQ + Cpp.dz + Cpdr' + Cypdy" + Crdr + Codb

. 1 (OA63)
+ Gpp.dz + Gadr' + Godt + Gy, d0g
Plugging in for dr' and dy' = lilledQl + l}zldilQl
dQ = XdQ + Cplb, L'Q + (Cpr + G )rbdQ + 0Q (OA64)
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where here 0Q = (Cy + G)p.dz + )A(zsz + C'y1l}41f/iszl + (Cr + Gr)dr + Codl + Gy dbc.
Recognizing that dY = (I — X)d@ and substituting completes the proof.
O

B.3.  Imperfect Competition

In this section we show how to incorporate imperfect competition in the form of fixed
markups on marginal costs. Now, instead of each sector being populated by a continuum
of perfectly competitive firms, we suppose that for all ¢ € Z! there is a single monopolist
producing each good, charging a fixed markup of m} over their marginal cost and making (and
distributing) profits 7f.4* Despite this, we argue that a no substitution theorem still holds
and we can obtain analogous multiplier formulae once we augment labor income rationing
with profit rationing. To do this, we have to slightly modify Assumption 3:

Assumption 6. For each t there exists some B € R and { X!, Lt},ez: such that for all i,
F(XLLE2H) =1 and (1+mb) (@' X! + LY) < P

1) <%

Under this modified assumption, we can state and prove the modified no-substitution
theorem with markups:

Proposition 9. Under Assumptions 6 and 4, for a given z' and m', there exists a unique
p! consistent with both flexible-wage and rationing equilibrium, independent of demand.

Proof. We modify the proof of proposition 6 to accommodate markups. Each firm now sets
a price p; = (1 + m})k;(p), where k; is ¢’s unit cost function. That is, ¢ prices goods as
though it were a competitive firm with production function ; +1mt. F(X}, LE 2h). Consider now
a modified economy without markups and production functions given by the previously-
stated markup-adjusted production functions. Assumption 6 implies that Assumption 3

holds in this modified economy. The result then follows by application of Proposition 6. [

We assume that profits from each firm are distributed to households according to an

exogenous profit rationing function II* : R? — RY satisfying >, 7! = Y II(nt), for all
i€l neN
mt e RE. We let d! = TI(x!),, represent household n’s total dividend income in period t.

With profits, household income is comprised of rationed first-period labor income, chosen
second-period labor income, and (not chosen) dividend income in both periods. We therefore
allow household consumption and labor supply functions to depend on d, directly.

We can now state a profit-inclusive Keynesian cross. Note that the only difference to
Proposition 8 comes from the need to account for changes in profits, how these are distributed
to households as dividends, and their directed MPCs out of dividends.*

44One microfoundation for constant markups is that industries are comprised of a continuum of firms,
with each other firm’s and household’s demands having the same CES aggregator for these firms’ varieties.

45For the sake of generality, we distinguish between aggregate MPC out of dividend and labor income, i.e.
Ch +# C’;. Of course, for utility-maximizing households, these will be the same provided the income arrives
in the same period.
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Proposition 10. For any small shock to parameters there exist a pair of rationing equilibria
production Q) and QQ+dQ before and after the shock. If the shock induces a partial equilibrium
change in production 0Q), the general equilibrium change dQ) is given to first order by:

dQ = XdQ + (C, + G,)redQ + C,IL, L'dQ" + C,11dQ + 0Q (OA65)

where Cr is the matriz of household directed MPCs out of profit income, I is the block
dzagonal matriz composed of I and H2 and where 11t is the diagonal matriz with i'™" entry
mipt, and all quantities are evaluated at the initial equilibrium.

Proof. This proof simply modifies the proof of Proposition 8. It is stated in full for clarity.
The existence of two nearby equilibria is a consequence of the upper hemicontinuity of
the equilibrium set in the parameters. Consider a sequence of parameters {w,} such that
w, — w. By Proposition 7, we know that for each w, there exists a corresponding set of
equilibria &,. Moreover let £(w) be the set of equilibria corresponding to the limit w. Now
consider an arbitrary sequence of equilibria {e,} such that e, € &, for all n € N and e,, — e.
Toward a contradiction, suppose that the set of equilibria is not UHC in the parameters,
e. e¢ Ew). It follows that one of the following does not hold at e: household budget
balance, government budget balance or market clearing. But by Assumption 5, continuity
of the fiscal rule, continuity of the interest rate rule, continuity of the rationing function and
continuity of the profit allocation function, we know that all functions in these expressions
are continuous. It follows that there exists m € N such that e,, ¢ &,,, a contradiction. This
completes the proof that the equilibrium set is UHC.
Totally differentiating the interest rate rule, we can express the change in the real interest
rate in terms of changes in demand:

dr' = Téyd@l + 7“(19261622 = Téd@ (OA66)

Now, stacking the vectors that represent periods 1 and 2, we perturb the goods market
equilibrium conditions:

dQ = XdQ + X.dzQ + Cpp.dz + Cpdr' + Cypdy" + Crdr + Codb

R (OA67)
+ Gpp.dz + Gudr' + Gdr + Gy dbg + C,11dQ
Plugging in for dr! and dy* = i1, L'dQ" + i1, dL Q"
dQ = XdQ + Cplt, LN Q + (Cpr + Gp)rbdQ + C,I1dQ + 6Q (OA68)

where here 0Q = (Cp+ Gp)p.dz+ X.d2Q+Cplt, L2dzQ" + (Cr 4+ G, )dr + Cydd+ Gy df. O
B.J. Network Decompositions for Supply Shocks

We now derive network decompositions of the multiplier as in Section 3.2 that are valid
for both demand and supply shocks, extending the earlier analysis. To this end, we see that
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changes in GDP when we consider a supply shock have two distinct components:

d(GDP)=d(p"Y") = pTay' +  ap''Y? (OA69)
— ——
Change in Product = Change in Price Index

Where it is without loss to redefine units of consumption goods and evaluate at an initial
equilibrium with p'7 = 1. Propositions 2 and 12 decompose the first term 17dY!. To achieve
our decomposition for supply shocks, we therefore need only compute dp*”Y!. To this end,
we can employ Corollary 3, which shows prices are a closed-form function of z:

pi(z) = (1- X'(2)7) L)1 (OAT70)

It follows that the change in GDP can then be decomposed as before but with a new term
which depends only on the IO matrix and labor shares and not labor rationing or household
consumption. This is stated formally below:

Proposition 11. The total change in first-period output due to a shock with unit-magnitude
labor income incidence Oy' can be approzimated as:

d(plTyl) :#*[mn] (1 + Eé’yl [mn] - Ey* [mn] + E&yl [mn] (anl [mzm] - ]Ey* [mn]z

Incidence effect Biased spending direction effect

. (OAT1)
+ Covgyr[mn, mi] | + d[(l—Xl(z)T) Ll(z)f] Y1+ 03(jm|)

Homophily effect

~
Price Effect

where y* is any reference income weighting of unit-magnitude and m’ _,, is the average MPC

of households who receive as income 1’s marginal dollar of spending.

Proof. Recall that we have:

dp'yYy = pTay' +  ap''y? (OAT2)
— —
Change in Product  Change in Price Index

which we can always take as d(p'TY!) = 17dY" + dp*TY! through an appropriate renormal-
ization of the initial units of the goods.

By Proposition 2, 17dY" consists of all terms in (OA71) except the price effect. We now
need only compute the term dp'?Y!. To this end, from Corollary 3 we have that:

pl(z) = (1= X)) LT = dpTY! =d [(1 — X))

o

zl(z)I]T Y  (OAT3)

~
Price Effect

Adding the two terms yields the claimed expression and completes the proof. n

B.5.  Special Cases Where Network Effects in Propagation Vanish

In the main text, we briefly discussed two important cases where network effects in shock
propagation vanish. Here, we state and more formally discuss these results.
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Proposition 12. The following statements are true:

1. (No incidence or bias effects) Suppose that consumption preferences and labor rationing
are homothetic, that no households are net borrowers in period 1, and that there is no
government spending.*® Then, for a GDP-proportional, unit-magnitude demand shock,
the incidence and bias effects are zero, so that we have:

1
IT Yl _ 1 L next 3
d T R —Eyl[mn]< + gjovy [y, My J) + O°(|m]) (OAT4)

Y

Homophily effect

where y' is the vector of first-period incomes.

2. (No incidence, bias, or homophily effects) Suppose that all industries have a common
rationing-weighted average MPC, m.*" Then the incidence, bias, and homophily effects
are zero, so that for any reference weighting y* that can be induced by a demand shock,
the change in output corresponding to any unit-magnitude demand shock is:*8

1 1
My = =
1-Epx[m,] 1-m (OAT6)

Proof. We prove the two claims separately:

1. Recalling that (m">%)?T = m’G, and the shock satisfies dy'ocy!, the following are
equivalent:
m'Gy' —mTy' =0 <= Eau[mi™ —m,] =0 (OAT7)

It therefore suffices to show that Gy' = y!.

~ ~\ 1 __
Plugging in the definition of G, we have Gy' = [}, L' (] - Xl) C;lyl. Since each
household saves zero on net, y! is equal to total spending. Homotheticity of consump-

tion implies that 6;1 y!, then, is the vector of total consumption of goods; since there

is no government spending, this equals total output, Y!. Finally, homotheticity of
N N\ -1
rationing implies that [}, L* <[ — X1> Y=yt
2. Recall by Proposition 1 that when either C,1 + G,1» = 0 or ’rlQl = 0, the general
equilibrium effect on income of a partial equilibrium shock is given by:

~ ~ —1
dy'! = (1 — ML BN - Xl)—l) 0Q! (OAT8)

46By homothetic labor rationing, we mean that marginal and average rationing of income are equal.
N A\ —1
Formally, if we let £} = L! (I -X 1) Y'! be the vector of first-period firm-level labor bills, then we require

that y' = lilﬂl.
TFormally, Y] (lil)m»mn =m for all i e T
neN
48Formally, saying that y* can be induced by a demand shock says that there exists a 0Q* such that:

~ ~ —1
y* =1L, I (1 - Xl) 2Q* (OAT5)
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We wish to investigate whether there exists some m € (0,1) such that the following

holds for all 0Q):
1
1Tayt = ——170Q! (OAT79)
1—-m
First, we note a simple fact of linear algebra. Suppose an invertible matrix M has
columns summing to some constant m. This is equivalent to:

1"Mv = miTv, Yo (OAR0)
It is then true that for any v:
mIT (M) = T"M(M ') = 170 (OA81)

Thus, M ! has columns summing to .
Second, note that the desired result (OA79) holds if and only if

~ ~ —1
(1 — ML BN - Xl)—l) (OA82)

sums to ﬁ This is equivalent, by the first observation, to the fact that each column
of
ClLIY1 - XY™ (OA83)

sums to m.
It remains to show that this claim is equivalent to the condition provided in the state-
ment of the Proposition. Namely, we must show that

TCNL L1 — XY =mlT = TTCUL, = miT (OA84)

Multiplying each side by (I — X 1)(il)_l—which exists since labor is essential in
production—reveals that (OA84) holds if (I — X!)(L')™! has columns summing to
one.

By our earlier linear algebra observation, this holds if and only if L'(1 — X!)~! has
columns summing to one. This can be seen by recalling the no-profit condition

pt=(I— (XYL, (OAS85)

using our normalization p = 1, and taking the transpose of both sides.

]

The first part of the proposition shows how, even in a “homothetic economy,” hetero-
geneity in household consumption baskets and sectoral employment can generate network
effects through homophily. This happens even at the same time as homotheticity eliminates
the bias effect by ensuring that each household’s marginal consumption is proportional to its
initial consumption, so that the income-weighted average of marginal consumption is propor-
tional to output. Still, when households with different MPCs direct their spending toward
different goods, the households employed to produce the goods consumed by higher-MPC
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households experience a greater change in income — not from the initial, uniform shock, but
from the economy’s response to it. Insofar as these households have different MPCs from
the average, homophily is still possible. This mechanism generates non-neutrality for the
multiplier, even if the economy and the shock considered are “neutral” in all other aspects.
Aggregate neutrality requires (to second order in MPCs) that the economy feature exactly
zero correlation between households’ MPCs and the MPCs of the households they spend on.

The second part of the proposition imposes that each firm’s marginal employees have
the same average MPC as one another. This eliminates the incidence, bias, and homophily
effects, leaving only the classical Keynesian multiplier. That is, wherever in the economy a
shock strikes, and however it spreads through directed consumption and the IO network, the
change in aggregate consumption generated by the reduction in firm revenue is the same.
Of course, a particular special case that satisfies these conditions is when there is a single
good and a single household (in which case I;, = 1). Note that even when the traditional
Keynesian multiplier obtains, the aggregate MPC need not equal either the average MPC or
the income-weighted MPC of the population; this is the case only when each firm’s marginal
employees have the population average MPC.

B.6.  Optimal Policy at a Global Optimum

In the main text, we focused primarily on small changes in welfare corresponding to small
changes in policy. In this section, we specialize to the case of small changes in policy at an
optimum. Thus, the corresponding changes in welfare are second order.

Our first result decomposes the first-order condition for optimal government spending
and transfers into five distinct mechanisms. This is closely related to Proposition 3 in the
main text, which considers the change in welfare away from the global optimum.

Proposition 13. Suppose tazes 7%, 7%* and expenditures G**, G** solve the planner’s prob-

lem. Now consider a change in policy T8 = 7* + et!, G* = G* + eG", indexed by . The
following first-order condition holds:

(XTﬁ(I _OWTP? VTT) G2

0= (XTﬁWTpl (41T + XTAR1)> Gl o+

1
" ~ / o 1Y+ r /
Opportunistic government spending Short-termist government spending
2 )
~ T ~r QUT,
—AN=DTa |+ —= + NI
( V(T + T (OAS6)
A ~— 7
Pure redistribution Relazation of borrowing constraints
~ 2
~ A~ 1 N 1y —our,
—~ MAR' (I - CLRY) ' CL ( RGY — pir}t — 2=
Y v ‘ } 14t

h-

~
Keynesian stimulus (alleviation of involuntary unemployment)

where 7 is the marginal value of public funds.

Proof. The planner takes prices and—locally—the interest rate as given. Goods and labor
market clearing and first-period rationing determine the change in first-period employment
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as a function of G! and 7!. We are left with the following first-order condition:

T, 2 1T (32

T 1 H T 1 1G€
= dW A2 e 9Tl - AS87
0=d +7[,u E+1 o G: 1 Tl] (OA87)

where dW is as in Ec%uatlon 21. This gives an expression for the change in welfare in
terms of 7., G., and [, the change in first-period employment. By Equation 12, i I} =

~ ~ N\ -1
RYT — C’;lRl)*léQl, where R! = lilL1 <I — X1> and 0Q' = G! — Cllfnl — C’B;n For
borrowing-constrained households, C';2 = 0; they would already like to substitute additional

consumption toward the first period but are constrained not to do so. Other households are
1

Ricardian, implying Cy12 = Plugging in for dWW, and using matrix notation, we have

1+r1
U . . 14,0 72 L, A= )r?
_NT| _ 17 _ 1 ply—1 1 1 ~(.1 $n=0 Te _ 1, M 5
0=\ AR (I-C,R") (G -Cp (Tg + s >) (,LLTE +—3 s
WTP2 17G? (0A%%)
~ 1 ~1 ,u TT A1 €
~¢-<MVVTPG8 (1 ¢)1+ I ) +’y<,u7' +1 - 17G; 1+7’1)

Now, observe that the term on the first line can be rewritten:
17 _ A1 ply—1 1~~~ L, =0 72 72 _ pl 1 pl L4 Ly, =0 72
RYI - CLRY) (GE Cylu(E-F ) ) =R §: (CLRY) = Cpi (7! + =
= 1¢ 0 T¢
1,1 1 1 1 1,1 1 1 1 n=
_<RGE+<§CR )CleG> R( S (CLRY) ) 1”1)

- ~ A1¢) =0 7
——]%1(;1S + Rl (1 — 051 Rl) 0!11 <R1G15 — qul — /tin 16 )

Substituting this back in and rearranging, we obtain Equation OAS6. [

The opportunistic government spending term is as in Werning (2011) and Baqaee (2015).
It augments the standard first-order condition for government spending with a labor-wedge
term, reflecting the fact that the social cost of additional government purchases is lower than
the market cost when they are produced using underemployed labor. The second term is
also an augmented version of the standard expression for government spending—this time
in the second period. The borrowing wedge reflects the fact that households with binding
borrowing constraints implicitly discount the future at a higher-than-market rate; the planner
must account for this when deciding whether to make purchases on their behalf.

The third term of Equation OAS86 is a standard, pure redistribution term, weighing the
private benefits of transfers against the social cost (the MVPF). The fourth term augments
this, when there are borrowing constraints. In particular, taxes in the second period are less
costly to borrowing-constrained households since they discount the future more heavily than
the market rate indicates.

Finally, the last line captures the value of stimulus brought on by changes in income—
those corresponding to pure income transfers via taxes and labor market income earned by
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employees producing expenditures.*’

B.7.  Optimal policy with imperfect competition

In this section, we extend the optimal policy results of section 4 to the more general
environment with constant, non-zero markups. As is section 4 we normalize prices p! to one
throughout, without loss of generality.

To highlight as clearly as possible the parallels to the case without profits, we make two
important assumptions. First—although in the first period, profit-creation is uninternalized
by households—we assume that the government incentivizes second-period profit-creation
with Pigouvian subsidies funded lump-sum by shareholders.

Assumption 7. There is an ad-valorem subsidy s? on the purchase of i (for consumption or
production), set equal to the profit rate m?. It is funded directly by an additional lump-sum,
second-period tax 72 defined by p,72 =Y, (ﬁfm > ﬁ?m) s2Q?.
el n'eN
Second, we assume that the MPC out of future profits is zero. This is a rather weak
assumption, as the MPC out of even current capital income is small empirically.

Assumption 8. For all households n, Cl, = 0.

B.7.1.  Planner’s problem

We begin by defining the household’s problem. It is the same as Equation 19 in section
4.1, except that households now also receive profit income, so that the budget constraint
becomes ' + 7} —p! - & — 7! > s!. Note that this microfoundation implies C,, = Cyy. That
is, additional income from rationed labor has the same effects on consumption as additional
income from profits.

As in section 4, we study the policy problem of a planner at the zero lower bound.
Formally, the planner’s problem is the same as in Equation 20 except that household behavior
solves Equation 19 with the profit-inclusive budget constraint and aggregate variables evolve
according to Equation OA65 with rg = 0.

B.7.2.  Policy changes away from the optimum

This section considers changes in welfare due to small changes in not-necessarily-optimal
policies, as in section 4.2. The only difference now is the presence of profits.

With this setup in mind, we now consider the change in welfare induced by changes in
transfers and government expenditure, analogously to Proposition 3.

Lemma 3. Under assumptions 7 and 8, the change in welfare dW due to a small change in
taxes and government expenditure—at a constant interest rate—can be expressed as:

A dr,, WTP?
= - ; v | dr} — ) 11 B 2
aw ;V Anin [ Andly, + dm, <d7’n (= dn) r1> + <WTPndG + (1= ¢n) 377G >]

(OA90)

49Tf second period expenditures are held constant, then the net income transfer is zero, i.e. this term
operates solely through redistribution to different households (who may spend differently).
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where N\, is the value the planner places on the marginal transfer of first-period wealth to
a household of type n, A, and ¢, are n’s implicit first-period labor wedge and borrowing
wedge, and WTP? is the vector of n’s marginal willingness to pay for period t government
expenditures on each good, in period t dollars. The changes in first-period employment and
profits are in turn given by

~ ~ —1 ~ ~\ —1
pdit =1}, ! (1 - X1> dyl,  pdrl =T (1 _ X) ay’,

T IR (0A91)
ay' — <I -l (zilLl + Hl) (1 - Xl) ) 00!

Proof. We follow the same steps as the proof of Proposition 3 (see Online Appendix A.4)
up to the substitution of the budget constraint, which now includes profits. With profits,
differentiating the household’s lifetime budget constraint (at constant r!) gives:

pldc? — dI? B dn? — d7? — dr?

171 1 1 1 n
pide, —dl, —dm, + s —dr, + s (OA92)
Note that since 3 TI2,, = m? = s2:
n'eN
~2 1 72 72 2 72 L = 2 2
art = — (T2, 3 12, ) s2aQ? = —-112,4Q? = dn? (0A93)
Fn et n'eN Hon
Substituting in the change in the differentiated budget constraint, we have:
X d 721 w}L 1—¢n wTQL
dw = REZN Anbin [—Andl}l + ¢n (p'dey, — dlL) + (1 — én) <d7r,11 —dr) — : +Tr1) + (H;T'dGl n < 0 > H%G ng)

(OA94)

For households with non-strictly-binding borrowin% con?traints ¢, = 0. For households

with ¢, > 0, the borrowing constraint s} = I} + 7} — 7! — plc£ implies p'dcl + dr} =

dI} + drl. Defining the within-period willingnesses to pay WT P! = %, we arrive at the

- t
Kn

final expression:

~ dr? WTP?
_ o 1 1 1 o n 1 1 o n 2
dW = E Anfin [ Apdl, + (dT(n dr, — (1 gbn)il n r1> + <W TP,dG" + (1 — ¢,) T dG >]

neN

(OA95)

Finally, the expressions for dl, dm, dY" come from rearranging Equation OA65 under assump-
tion 8 and using dY = (1 — X)dQ. ]

Studying Equation OA90 reveals a key insight: Under assumptions 7 and 8, the change in
welfare due to a change in taxes and expenditures is the same as in an as-if economy without
profits but where share-holders supply labor with a wedge —1. This labor supply wedge cor-
responds to complete under-employment; share-holders—who experience no marginal disu-
tility of holding shares—would continue to be willing to hold shares until profits-per-revenue
reached zero. Just like labor suppliers, share-holders do not choose their income but rather
take it as given. This as-if representation of profits as under-employed labor allows us to
carry over all of the results from Section 4 with minimal alterations.
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Proposition 14. Under assumptions 2, 7, and 8, the welfare change from a change in
expenditures is proportional to the resulting change in output, whereas the welfare change
from a change in transfers is proportional to the resulting change in income. Formally,

le d(l + 7r) ., pdr?

dGl = (1- C’1 RY™ and 322 = 0 are first-period output multipliers and Lﬁ)l =
—1

(1 = R'Cj.)~" is the first-period income multiplier; here R' = <l L'+ Hl) <[ — X1>

neant

where &

Moreover, if relative to some income incidence y*, m*" = E«[m,] for all n, where m]
<leC’;1m_1> ‘,50 then under assumptions 2, 7, and 8,

7

- 1 T fdr?
AW =14 ————— LGt — fdr' — A
w ( + Ty ] m) <R G* — pdr n r1> (OA97)

Proof. Reinterpret profit income as labor supply with wedge —1, as discussed above. The
proof then follows from Online Appendices A.6 and A.7. O]

Key here is that assumption 2’s imposition that all marginal labor supplies have a labor
supply wedge of —1 matches with the shareholders’ implicit labor supply wedge of —1 —
both are indifferent to supplying more of their factor. Thus, there is zero social cost to any
marginal employment, so the optimal policy maximizes output. As without markups, the
output-maximizing policy targets MPC when bias and homophily effects are absent.

B.7.3.  First-order conditions for optimal policy

The same as-if representation of profits as under-employed labor also allows us to carry
over results from section B.6 to the case of imperfect competition.

Proposition 15. Suppose tazes 7%, 7%* and expendz’tures G, G* solve the planner’s prob-

lem. Now consider a change in policy T° = 7" + 7!, G* = G* + G, indexed by €. Then,

50 As in the main text, this condition corresponds to the the bias and homophily effects (now profit inclusive)
being zero for all output and transfer shocks.

23



under assumptions 7 and 8, the following first-order condition holds:

(XTﬁ(J _QWTP? — VIT) a2

0= (XTﬁWTpl ~ (1T + XTBE#)) Gl o+

1
A g N 1Y+ r )
Opportunistic government spending Short-termist government spending
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o /
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Keynesian stimulus (alleviation of involuntary unemployment)
H1 L s\ 1 1
where 7y 1s the marginal value of public funds, R* = Lﬁ1 (I - X ) , C’y1 = [C’yl C'y1],
and A is the N x 2N matriz with entries A, ,, = A,, A, nyn = —1, and zeros elsewhere.

Proof. This follows from reinterpreting profit income as labor supply with wedge —1 and
then following the proof of Proposition 13. O]

Intuitively, the planner targets “profit-wedges” just like labor supply wedges. These
reduce the social cost of government spending and motivate Keynesian stimulus.
Finally, a similar network-irrelevance result holds as in the case without profits.

Proposition 16. Impose Assumptions 7 and 8. Now, suppose that all households rationed
to on the margin at the optimum have no marginal labor disutility, i.e. if (Rngl)n,_ #0
then A, = 0. Then Equation OA98 holds with respect to variations in first-period transfers
if and only if, for alln e N,

— Xn
T 1—-—m,

(OA99)

Alternatively, suppose that the social gains from first-period government expenditure are equal
to some v across goods and constraints bounding expenditures above zero do not bind. Then
Equation OAS86 holds with respect to first-period expenditure variations if and only if, Vi € I,

1=+ _1% (-3 (OA100)

where m; = (mTRl)i 1s the rationing-weighted average MPC in the production of good 1
and ):\A, = (XTA}v%l) 15 the rationing-and-welfare-weighted average rationing wedge in the
production of good i, for R' is as in Proposition 14 and R and A are as in Proposition 15.

Proof. This follows from reinterpreting profit income as labor supply with wedge —1, fol-
lowing Online Appendix A.5, and using A,, = 0 for marginal labor-suppliers in the transfer
case. [
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C. Additional figures

(a) Bias

Bias term of decomposition

(b) Homophily

Homophily term of decomposition

(c) Error

Error term of decomposition
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Fig. OA1. Histograms of the bias term (left) and homophily term (middle) and overall error terms (right)
from the decomposition in Proposition 2. For all subfigures, the distribution reflects a unit demand shock to
each of the 2805 sector-region pairs, with baseline y* given by the income incidence of a shock to demand

proportional to 2012 state-industry GDP.
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(a) Labor Shares

MPC vs basket-weighted network labor share

(b) MPCs

MPC vs basket-weighted network laborer MPCs
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Fig. OA2. The left panel shows the scatter plot of worker MPCs against the basket-weighted labor share
of the sectors on which they consume. The right panel shows a scatter plot of worker MPCs against the
basket-weighted MPCs of the labor employed in the sectors producing the goods they ultimately consume.

(a) Output Multiplier

(b) Rationing Wedge
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Fig. OA3. Left panel: The x-axis gives the output multiplier for a dollar of government spending targeting
each of the 2805 state-industry pairs. The y-axis gives the estimated welfare effect of a dollar of government
spending targeting each of the 2805 state-industry pairs using rationing wedges from the Great Recession.
Right panel: The x-axis gives the population-weighted Great Recession rationing wedge of employees in each
of the 2805 state-industry pairs. The y-axis gives the estimated welfare effect of a dollar of government
spending targeting each of the 2805 state-industry pairs using rationing wedges from the Great Recession.
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