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1. Deriving the Government Spending Multiplier

1.1. Normal Times

To derive the spending multiplier analytically, I use the following system of equations:

[γ(1 − σ) − 1]ĉt − (1 − γ)(1 − σ)
n

1 − n
n̂t =

R̂t −Et [π̂t+1 − [γ(1 − σ) − 1]ĉt+1 + (1 − γ)(1 − σ)
n

1 − n
n̂t+1] (1)

ĉt +
n

1 − n
n̂t = ŵt (2)

π̂t = β Et π̂t+1 + κm̂ct (3)

ŷt = (1 − g)ĉt + gĝt (4)

R̂t = φππ̂t + φy ŷt (5)

m̂ct = ŵt + δR̂L,t (6)

l̂t = ŵt + n̂t (7)

R̂L,t = ΨRR̂t +Ψl l̂t (8)

ŷt = n̂t (9)

ĝt = ρĝt−1 + ut (10)

which constitutes a system of 10 equations with 10 variables (ĉt, ĝt, l̂t, m̂ct, n̂t, ŵt, ŷt, π̂t, R̂t, R̂L,t).

Through substitutions, this system of equations can be reduced to:

[γ(1 − σ) − 1]ĉt − (1 − γ)(1 − σ)
n

1 − n
ŷt = R̂t −Et [π̂t+1 − [γ(1 − σ) − 1]ĉt+1 + (1 − γ)(1 − σ)

n

1 − n
ŷt+1] (11)

π̂t = β Et π̂t+1 + κ(ĉt +
n

1 − n
ŷt + δR̂L,t) (12)

ŷt = (1 − g)ĉt + gĝt (13)

R̂t = φππ̂t + φy ŷt (14)

R̂L,t = ΨRR̂t +Ψl

⎛

⎝

(1 − g) + (1 − n)

(1 − g)(1 − n)

⎞

⎠
ŷt −Ψl

g

1 − g
ĝt (15)

ĝt = ρĝt−1 + ut (16)
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Substituting (15) into (12), this system of equations can be further reduced to:

[γ(1 − σ) − 1]ĉt − (1 − γ)(1 − σ)
n

1 − n
ŷt = R̂t −Et [π̂t+1 − [γ(1 − σ) − 1]ĉt+1 + (1 − γ)(1 − σ)

n

1 − n
ŷt+1] (17)

π̂t = β Et π̂t+1 + κ
⎛

⎝
ĉt +

n

1 − n
ŷt + δΨRR̂t + δΨl

⎛

⎝

(1 − g) + (1 − n)

(1 − g)(1 − n)

⎞

⎠
ŷt − δΨl

g

1 − g
ĝt
⎞

⎠
(18)

ŷt = (1 − g)ĉt + gĝt (19)

R̂t = φππ̂t + φy ŷt (20)

ĝt = ρĝt−1 + ut (21)

Next, substitute (20) into (17)-(18) to obtain:

[γ(1 − σ) − 1]ĉt − (1 − γ)(1 − σ)
n

1 − n
ŷt = φππ̂t + φy ŷt −Et [π̂t+1 − [γ(1 − σ) − 1]ĉt+1 + (1 − γ)(1 − σ)

n

1 − n
ŷt+1] (22)

π̂t = β Et π̂t+1 + κ
⎛

⎝
ĉt +

n

1 − n
ŷt + δΨR(φππ̂t + φy ŷt) + δΨl

⎛

⎝

(1 − g) + (1 − n)

(1 − g)(1 − n)

⎞

⎠
ŷt − δΨl

g

1 − g
ĝt
⎞

⎠
(23)

ŷt = (1 − g)ĉt + gĝt (24)

ĝt = ρĝt−1 + ut (25)

which is a system of 4 equations with 4 variables (ĉt, ĝt, ŷt, π̂t).

To derive the multiplier using the Method of Undetermined Coefficients, we make the following definitions

for the responses of variables to a government spending shock:

ŷt = Ay ĝt (26)

ĉt = Acĝt (27)

π̂t = Aπ ĝt (28)

The set of equations that is used to derive the spending multiplier does not include any endogenous

state variable, which both simplifies the analysis and allows us to express each variable as in definitions (26)-

(28). Also, for any variable xt, we have Et x̂t+1 = Et(Axĝt+1). Using the exogenous process for government

spending, this condition can be written as Et x̂t+1 = AxEt(ρĝt + ut+1), or:

Et x̂t+1 = ρAxĝt (29)

Then, the system (22)-(24) can be written as:

[γ(σ − 1) + 1]Ac − (1 − γ)(1 − σ)
n

1 − n
Ay = φπAπ + φyAy

− [ρAπ − [γ(σ − 1) + 1]ρAc + (1 − γ)(1 − σ)
n

1 − n
ρAy] (30)

Aπ = βρAc + κ
⎛

⎝
Ac +

n

1 − n
Ay + δΨR(φπAπ + φyAy) + δΨl

⎛

⎝

(1 − g) + (1 − n)

(1 − g)(1 − n)

⎞

⎠
Ay − δΨl

g

1 − g

⎞

⎠
(31)

Ay = (1 − g)Ac + g (32)

which is a system of 3 equations with 3 unknowns (Ay,Ac,Aπ). Next, eliminate Ac using (32) and re-arrange

to get:



[(1−ρ)[γ(1−σ)+1]−(1−g)(1−ρ)(1−γ)(1−σ)
n

1 − n
−(1−g)φy]Ay = (1−g)(φπ−ρ)Aπ+(1−ρ)[γ(1−σ)+1]g

(33)

Aπ =
κ

1 − β − δΨRκφπ

⎡
⎢
⎢
⎢
⎢
⎣

⎛

⎝

1 + δΨl

1 − g
+
n + δΨl

1 − n
+ δΨRφy

⎞

⎠
Ay − (1 + δΨl)

g

1 − g

⎤
⎥
⎥
⎥
⎥
⎦

(34)

Substituting (34) in (33) and re-arranging then gives the government spending multiplier of normal times

(condition (23) in the text).

1.2. Liquidity Trap

I follow similar steps to derive the spending multiplier for the model with constant nominal interest rate (the

liquidity-trap multiplier). In this case, one can obtain:

[γ(σ − 1) + 1]Ac − (1 − γ)(1 − σ)
n

1 − n
Ay = −[pAπ − [γ(σ − 1) + 1]pAc + (1 − γ)(1 − σ)

n

1 − n
pAy] (35)

Aπ = βpAc + κ
⎛

⎝
Ac +

n

1 − n
Ay + δΨl

⎛

⎝

(1 − g) + (1 − n)

(1 − g)(1 − n)

⎞

⎠
Ay − δΨl

g

1 − g

⎞

⎠
(36)

Ay = (1 − g)Ac + g (37)

The solution to this system of equations gives condition (24) in the text.

2. The Expected Real Interest Rate

2.1. Normal Times

This appendix outlines the effects of the cost channel on the response of the expected real interest rate and,

consequently, the spending multiplier. Since π̂t = Aπ ĝt, the expected inflation rate reads:

Et π̂t+1 = Aπ Et ĝt+1 (38)

or, using the AR(1) process of government spending:

Et π̂t+1 = ρAπ ĝt (39)

With no response to output in the interest-rate rule, which is the assumption in Christiano et al. (2011)

among others, we have:

R̂t = φππ̂t (40)

The expected real interest rate:
Et r̂t+1 = R̂t −Et π̂t+1 (41)

which, using π̂t = Aπ ĝt and (39)-(40), gives condition (25) in the text:

Et r̂t+1 = (φπ − ρ)Aπ ĝt, (42)

The actual real interest rate is given by:

r̂t = R̂t − π̂t (43)

or, using condition (40):
r̂t = (φπ − 1)Aπ ĝt (44)

Therefore, to the extent that φπ > 1 and Aπ > 0, the actual real interest rate will rise following government

spending shocks.



With R̂t = φππ̂t + φy ŷt, the corresponding expected real interest rate reads:

Et r̂t+1 = [(φπ − ρ)Aπ + φyAy] ĝt (45)

which is as in the text.

2.2. Liquidity Traps

When the nominal interest rate is fixed, the expected inflation rate is given by:

Et π̂t+1 = pπ̂t (46)

or:

Et π̂t+1 = pAπ ĝt (47)

with:

ALTπ =
κg [ 1

1−g
+ n

1−n
] [γ(σ − 1) + 1] − κg

1−g
+ κδλALTs

1 − βp − κp(1−g)
1−p

[ 1
1−g
+ n

1−n
]

(48)

which, because ALTs > 0 is clearly larger in the presence of the cost channel.

Moreover, since R̂t = 0, the expected real interest rate will be given by:

Et r̂t+1 = −pAπ ĝt (49)

which is condition (26) in the text. Similarly, the real interest rate is given by r̂t = −π̂t, or:

r̂t = −Aπ ĝt. (50)

The behavior of the actual real interest rate is thus similar to the behavior of the expected real interest

rate, but with differences in the magnitudes because p < 1.

3. The Credit Spread in a Model with Costly State Verification

For liquidity traps, I briefly illustrate that credit frictions, as in the Costly State Verification (CSV) model

of Carlstrom and Fuerst (1997) and Carlstrom and Fuerst (1998), imply a higher credit spread. Unlike the

textbook CSV model, I abstract from capital and provide a simplified version of that model. To this end,

assume that a firm borrows et = αwtnt to finance part of its labor input. Furthermore, assume that the

firm has internal assets of k (which in the original model are tied to the value of capital, but assumed here

to be fixed for simplicity). The firm then needs to borrow αwtnt − k. The firm produces using a modified

production function, yt = ωtnt, with ωt being idiosyncratic productivity.

In this model, default is possible. For this reason, the lender monitor the borrower, and the monitoring

cost is a fraction of output, namely µyt, with 0 < µ < 1. The borrower will default if output is less than the

amount that needs to be repaid (which is the loan plus the interest on the loan). This occurs if productivity

falls short of a certain threshold (ωt). This threshold constitutes the minimum level of productivity so that

default does not occur, and it satisfies:

ωtnt = RL,t(αwtnt − k) (51)

Then, the average (or expected) real income of the firm at each point in time is given by:

nt[∫
∞

ωt

ω dΦ(ωt) − ωt[1 − µΦ(ωt)]] (52)

or ntf(ωt), with f(ωt) being the share of the firm in the expected output outcome.



The average (or expected) real income of the lender (net of monitoring costs):

nt[∫
ωt

0
ω dΦ(ωt) − µΦ(ωt) + ωt[1 − µΦ(ωt)]] (53)

or ntu(ωt), with u(ωt) being the share of the lender. These fractions satisfy f(ωt) + u(ωt) = 1 − µΦ(ωt).

The lender will participate in the financial contract if its expected income at least covers the loan.

Formally, the lender’s participation condition is given by:

ntu(ωt) ≥ αwtnt − k (54)

Combining (51) and (54) gives:

RL,t =
ωt

u(ωt)
(55)

The risk premium is given by RL,t − 1, or:

RL,t − 1 =
ωt

u(ωt)
− 1 (56)

Therefore, a positive shock that raises the threshold level of productivity ωt would also raise the risk

premium. This is the standard result in the CSV literature. See, for example, Gomes et al. (2003) for similar

analysis.

When the policy interest rate is fixed at its steady-sate level (R), the spread is given by st = RL,t −R.

Then, we have:

st =
ωt

u(ωt)
−R (57)

which can be shown to be increasing in ωt. For illustration, assume that ωt is uniformly distributed between

[a,b]. Since ωt is non-negative, a = 0. Therefore, the cumulative distribution is given by:

Φ(ωt) =
ωt
b

(58)

Using the expressions above, the spread in liquidity traps is given by:

st =
1

1 − µ/b − ωt/2b
−R (59)

Then, a positive shock that raises the threshold level of productivity ωt would also raise the credit spread.

Therefore, the rise in the credit spread following a positive government spending shock could also result from

a standard agency cost problem.



4. Separable Utility Function

The period utility function in this setup is given by:

u(ct, nt) =
c1−σt

1 − σ
− χ

n1+ν
t

1 + ν
(60)

with σ being the consumption curvature parameter and ν the inverse of the labor supply elasticity. The

corresponding Euler and labor supply conditions are given by:

R̂t −Et π̂t+1 = σ(Et ĉt+1 − ĉt) (61)

νn̂t + σĉt = ŵt. (62)

Under the assumption φπ > 1, the spending multiplier of normal times:

MNT
=

κ(φπ − ρ)σ(1 + δΨl) + σ(1 − ρ)(1 − βρ − δΨrκφπ)

κ(φπ − ρ) [(1 + δΨl)(σ + ν(1 − g)) + δΨl(1 − g)] + σ(1 − ρ)(1 − βρ − δΨrκφπ)
(63)

And, in liquidity traps:

MLT
=

σ[(1 − βp)(1 − p) − pκ(1 + δΨl)]

σ(1 − βp)(1 − p) − pκ[(1 + δΨl)(σ + ν(1 − g)) + (1 − g)δΨl]
(64)

With δ = 0, the liquidity-trap spending multiplier restores that of Carlstrom et al. (2014). Once more,

the spending multiplier is affected by the cost channel, κ matters markedly, and the cost channel will not

affect the size of the multiplier when κ = 0. Figure D.1 provides numerical evaluation; in normal times, the

introduction of the cost channel has a slight negative effect on the spending multiplier, while in liquidity

traps the cost channel induces a rise in the spending multiplier. These findings confirm the findings with

the non-separable utility function, albeit the effects of the cost channel are smaller than in the former case.

 

Figure D.1: The government spending multiplier for various values of δ with separable utility function.
Notes: ν = 0.50. All other parameter values are as in the text.



5. A Medium-Scale DSGE Model

In this appendix, I outline a model that includes capital, habit persistence in consumption, labor taxation,

capital taxation and government bonds. The model is then solved numerically and the results are presented

in Section 5.7 of the paper.

5.1. Households

The problem of the representative household is to:

max
{ct,Bt,Dt,Mt,nt,kt}∞t=0

E0

∞

∑
t=0

βtu (ct, ct−1, nt) (65)

The utility function satisfies: ∂u
∂c

> 0, ∂2u
∂c2

< 0 and ∂u
∂n

< 0 and ∂2u
∂n2 < 0.

Maximization is subject to the sequence of households’ budget constraints is given by:

Ptct +Mt+1 +Bt+1 +Dt + Ptit =Mt +RD,tDt +RtBt + (1 − τnt )Wtnt + Tt +Πt (66)

and the CIA constraint:

Ptct =Mt + (1 − τnt )Wtnt −Dt (67)

and the law of motion of capital:

kt+1 = it + [rt + 1 − δk − τkt (rt − δ
k
)]kt −

φk

2
(
kt+1

kt
− 1)

2

(68)

where Bt denotes nominal bonds, it is investment in physical capital, kt is capital, Rt is the gross nominal

interest rate on bonds, RD,t is the gross nominal interest rate on deposits, τnt is the labor-income tax rate,

τkt is the capital-income tax rate, δk is the depreciation rate of capital and φk governs the adjustment cost

of capital. All other variables are as defined in the text.

Optimization by households leads to the following first-order conditions:

uc,t = βRD,tEt (
uc,t+1

πt+1
) (69)

−
un,t

uc,t
= (1 − τnt )wt (70)

uc,t = β Et (Rt+1
uc,t+1

πt+1

RD,t

RD,t+1
) (71)

uc,t[1 + φ
k
(
kt+1

kt
− 1)

1

kt
] = β Et [uc,t+1

RD,t

RD,t+1

[rt+1 + 1 − δk − τkt+1(rt+1 − δ
k
) + φk(

kt+2

kt+1
− 1)(

kt+2

k2
t+1

)]] (72)

where uc,t is the marginal utility of consumption and uc,t is the marginal utility of labor.

Furthermore, I use the following period utility function:

u(ct, ct−1, nt) =
(ct − hct−1)

1−σ

1 − σ
− χ

n1+ν
t

1 + ν
(73)

with h being the parameter that governs the strength of the habit persistence in consumption.

With this functional form, the marginal utility of consumption is given by:

uc,t = (ct − hct−1)
−σ
− βhEt(ct+1 − hct)

−σ (74)

Clearly, with h = 0, we obtain the standard marginal utility in consumption of separable preferences.



5.2. Production sector

Each intermediate-good firm hires labor and rents capital to produce output using the following technology:

yj,t = k
ς
j,tn

1−ς
j,t (75)

with ς being the elasticity of output with respect to capital.

Since I solve a non-linear version of the model (with which Calvo price rigidity is not tractable), I assume

that firms face a quadratic adjustment cost as in Rotemberg (1982), expressed in units of the final good.

Then, the problem of the firm it then to choose kj,t, nj,t and Pj,t to maximize:

E0

∞

∑
t=0

βt (
uc,t

uc,0
)

⎡
⎢
⎢
⎢
⎢
⎣

Pj,t

Pt
yj,t −RL,tαwtnj,t − (1 − α)wtnj,t − rtkj,t −

ϕ

2
(
Pj,t

Pj,t−1
− π)

2

yt

⎤
⎥
⎥
⎥
⎥
⎦

(76)

with β
uc,t+1

uc,t
being the stochastic discount factor, ϕ being the price adjustment cost parameter and π is the

steady-state gross inflation rate. Maximization is subject to the demand curve for the firm’s product and

the production technology. Taking first-order conditions and imposing symmetry across firms then gives the

following factor demands:

(1 − ς)kςtn
−ς
t mct = (1 − α + αRL,t)wt (77)

ςkς−1
t n1−ς

t mct = rt (78)

where mct is the real marginal cost. As expected, each firm hires labor and rents capital so that the marginal

product of each input is a markup over its factor price.

In a symmetric equilibrium, in which all firms set the same price, Rotemberg pricing leads to the following

forward-looking Phillips curve:

ε(1 −mct) = 1 − ϕ(πt − π)πt + βϕEt [(
uc,t+1

uc,t
)(πt+1 − π)πt+1

yt+1

yt
] (79)

The final-good firm sector remains unchanged.

5.3. Government Budget Constraint and Marking Clearing

Government expenditures are financed by taxation on labor and capital and the issuance of bonds:

Ptgt +Rt−1Bt = Bt+1 + Ptτ
n
t wtnt + Ptτ

k
t (rt − δ

k
) (80)

and government spending evolves according to:

ln(
gt
g
) = ρ ln(

gt−1

g
) + ζt (81)

The resource constraint of the economy is given by:

yt + (1 − δk)kt = ct + kt+1 + gt +
ϕ

2
(πt − π)

2
yt +

φk

2
(
kt+1

kt
− 1)

2

(82)

5.4. Intermediation sector

The deviation between the nominal policy interest rate and the nominal loan rate continue to be given by:

st = RL,t −Rt. (83)



5.5. Fiscal Policy Rules

The tax rates are assumed to respond to deviations of output and the public debt from their steady state

values, as follows:

ln(
τnt
τn

) = ρn ln(
τnt−1

τn
) + (1 − ρn)λn ln(

yt
y
) + (1 − ρn)δn ln(

bt−1

b
) (84)

ln(
τkt

τk
) = ρk ln(

τkt−1

τk
) + (1 − ρk)λk ln(

yt
y
) + (1 − ρk)δk ln(

bt−1

b
) (85)

This concludes the description of the model.

5.6. Parameterization of the Model

: The parameter values that I use in the DSGE model are as follows: ς = 0.33, β = 0.99, α = 0.50, σ = 2.00, ϕ =

18.47, δk = 0.026, π = 1.005, τn = 0.20, τk = 0.30, φπ = 1.50, φy = 0.00, h = 0.80, ρ = 0.80, g = 0.20, φk = 95 and

ε = 6.00. The coefficients of the tax rate rule rules are set to: ρk = 0.82, ρn = 0.82, λk = 0.66, λn = 0.65,

δk = 0.39 and δn = 0.18. Some of these parameter values are as in the text. The value of π implies an annual

inflation rate of 2%, ε suggests a steady-state price markup of 20% in line with the literature, δk is set so that

the annual depreciation rate of capital is roughly 11%, h is in line with most studies with habit persistence

and the value of ϕ is consistent with a price duration of 2.5 quarters. Following Faia and Monacelli (2007),

this value of ϕ is obtained by letting the slope of the Phillips curve under Calvo price rigidity be equal to the

slope of the Phillips curve under Rotemberg price rigidity. The coefficients of the tax rate rules are obtained

from Abo-Zaid et al. (2017), and they are based on empirical evidence.

5.7. Quantitative Results

The model is solved numerically to evaluate the size of the government spending multiplier. Figure E.2

displays the response of the economy to a government spending shock under the assumption that the nominal

interest rate is free to adjust. For each variable, the response of that variable is normalized to the change

in government spending (i.e. the vertical axes display ∆xt+h

∆gt
for each variable x); therefore, for output, the

figure essentially displays the impact spending multiplier. The rise in government spending induces a rise in

inflation and consequently the real interest rate. In this case, investment responds strongly and consumption

displays a small decline (but remains mostly unchanged due to habit persistence). This effect is magnified

by the cost channel. The behavior of output mostly follows the behavior of investment and the government

spending multiplier with the cost channel is smaller than in the alternative model.

For liquidity traps, the drop in the real interest rate is magnified by the cost channel (as inflation rises

more), which induces a larger increase in investment and a smaller drop in consumption relative to a model

without the cost channel (Figure E.3). As a result, the government spending multiplier is larger on impact.

This result reaffirms the findings from the benchmark model.1

In the baseline model, the size of the multiplier is determined by the behavior of consumption: the

multiplier is larger than one if consumption rises after a spending shock, less than one if the opposite occurs

and exactly one if consumption is irresponsive to spending shocks. In the expanded model, however, the

spending multiplier depends also on the behavior of investment and on the habit persistence. The latter

reduces the response of consumption to spending shocks. In fact, the response of consumption in this model

1The goal of this subsection is to study the effectiveness of fiscal policy when the nominal interest rate is
fixed. Therefore, unlike in Section 4, I do not impose that the probability that the nominal interest is fixed
(p) to equal the persistence of government spending (ρ). Instead, we let p → 1 in this experiment so that
Rt is essentially irresponsive to spending shocks. By letting the nominal interest rate be virtually constant,
we can focus on the effects of the cost channel on the effectiveness of fiscal policy without being concerned
about the degree to which monetary policy is accommodative.



is very small and does not drive the dynamics of output. Investment reacts very sharply to a spending

shock, which reflects the sharp decline in the real interest rate (in liquidity traps) or the sharp rise in the

real interest rate (in normal times). Clearly, the behavior of output on impact resembles the behavior of

investment.

 Figure E.2: Impulse responses to a positive shock to government spending. Notes: normal times, where
the nominal policy interest rate follows an interest-rate rule. The response of each variable is normalized
to the change in government spending. With the cost channel, the estimated value of ANTs on impact is
0.013 (and the peak is 0.027). Time unit: quarters.

 Figure E.3: Impulse responses to a positive shock to government spending. Notes: liquidity traps. The
response of each variable is normalized to the change in government spending. With the cost channel, the
estimated value of ALTs on impact is 0.24. Time unit: quarters.



6. Supplemental Empirical Analyses

This section provides additional analysis that are related to the response of the credit spread to government

spending shocks (Subsection 6.1 in the text).
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Figure F.4: The estimated values of As for each type of shock and at each horizon between 0 and 10,
calculated as in condition (34) in the text. The medians across shocks at each horizon are reported in Figure
B.7.
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Figure F.5: Impulse responses of the corporate credit spread (relative to its steady-state value) to a positive
government spending shock using local projections. Sample period: 1984:Q1-2008:Q3. Notes: shaded areas
indicate the 95% confidence intervals. s = 0.0093, g = 0.2216. I include a fiscal policy shock, government
spending, credit spread, output, tax receipts-GDP ratio and the 10-year minus 3-month U.S. government
bond spread. Government spending and GDP are scaled by potential GDP.
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Figure F.6: Impulse responses of the corporate credit spread (relative to its steady-state value) to a positive
government spending shock using local projections. Sample period: 2008:Q4-2015:Q4. Notes: s = 0.0136, g =
0.1859. See figure F.5 for more details.
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