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1 Introduction

Are �scal policy e¤ects exceptional at the zero lower bound? This question has received

broad attention as the recent �nancial crisis has led central banks to lower interest rates and

governments to spend large amounts of money for �scal stimulus programs. According to

the neoclassical view on �scal policy (see Barro, 1981, or Baxter and King, 1993), govern-

ment spending exerts a positive e¤ect on output and crowds-out private absorption, while

alternative theoretical approaches have been able to generate a crowding in (see e.g. Galí et

al., 2007). For the particular case where the central bank sets the short-run nominal interest

rate at its zero lower bound (ZLB), Christiano et al. (2011) and Eggertsson (2011) have

shown that �scal multipliers can become extremely large and that labor income tax cuts can

be contractionary.1 Yet, there is only little applicable evidence on �scal multipliers at the

ZLB available and it suggests that they are not higher than on average (see Canova and

Pappa, 2011, Crafts and Mills, 2013, Ramey and Zubairy, 2014, and Dupor and Li, 2014).

Recently, also some theoretical studies have raised doubts about large �scal multipliers at the

ZLB. Speci�cally, Drautzburg and Uhlig (2013) �nd a multiplier at the ZLB of roughly one

half mainly due to e¤ects of future distortionary taxation, Mertens and Ravn (2014) show

that due to multiple equilibria at the ZLB the multiplier might even be smaller than under

normal circumstances, and Cochrane (2015) shows that under a given path of interest rate

expectations alternative solutions of the New Keynesian model can even be associated with

negative �scal multipliers.2

In this paper, we focus on a di¤erent and fairly obvious aspect that questions the existence

of unconventional �scal policy e¤ects when the monetary policy rate is held at the ZLB,

namely, that the ZLB is less relevant for interest rates that are not set by the central bank.

The main reason for large �scal multipliers in the above cited studies is that nominal rates of

return that relate to private agents�intertemporal choices are �xed, i.e. that the (nominal)

marginal rate of intertemporal substitution is bound at zero, such that in�ationary events and

policies tend to stimulate private consumption by reducing the real interest rate. Empirically,

however, the US monetary policy rate, i.e. the federal funds rate, applies to a relatively small

volume of overnight money market transactions, whereas other interest rates can well be

above zero even if the policy rate is at the ZLB.3 A key observation for our analysis is that

1Similar results regarding the �scal multiplier can be found in Woodford (2011) and Fahri and Werning
(2013), while Fernandez-Villaverde et al. (2012), Carlstrom et al. (2014), and Erceg and Linde (2014) qualify
these results.

2Furthermore, Wieland (2014) provides evidence for adverse e¤ects of negative supply shocks at the ZLB
and provides a consistent New Keynesian model augmented by borrowing-constrained households, which
implies �scal multipliers at the ZLB of less than one. Kiley (2014) shows, among other results, that �scal
multipliers at the ZLB are smaller than one when the assumption of price stickiness is replaced by sticky
information. Bilbiie et al. (2014) focus on welfare implications and show that non-utility providing government
spending is welfare-detrimental at the ZLB.

3This argument has also been made by Ohanian (2011) in the context of �scal multipliers at the ZLB.

1



interest rates which are more relevant for private sector transactions, as for example the

US-LIBOR, in general exceed the federal funds rate, including the time when the recent

US �scal stimulus program (ARRA) has been implemented. Yet, a positive spread would

be negligible for the analysis of the �scal multiplier if it were constant or at least invariant

to changes in �scal policy. To unveil whether the spread reacts to �scal policy, we estimate

�scal VARs using US data. As our main novel empirical contribution, we �nd that the spread

between the 3-month US-LIBOR (which is the interest rate that corresponds most closely to

the theoretical counterpart in our model) and the federal funds rate increases in response to

expansionary government expenditure shocks under di¤erent identi�cation schemes. Taken

together, this evidence suggests that the transmission of government spending shocks might

not be qualitatively a¤ected by the central bank holding the policy rate at the ZLB, given

that this does not rule-out (upward) adjustments in interest rates that are more relevant for

private sector transactions.

We then apply a framework, which builds on a standard New Keynesian model and repro-

duces these empirical �ndings, to re-examine the role of monetary policy and, in particular,

the ZLB for �scal policy e¤ects. Speci�cally, the interest rate on illiquid assets, which equals

the nominal marginal rate of intertemporal substitution in our model, will exceed the mone-

tary policy rate. In contrast to standard New Keynesian models, the nominal marginal rate of

intertemporal substitution is therefore not directly controlled by the central bank. Following

Schabert (2015), this property is modelled by accounting for the fact that central banks typ-

ically supply reserves to commercial banks against eligible assets, i.e. treasury bills, in open

market operations. While the short-term treasury rate closely follows the policy rate, the

interest rate on non-eligible assets tends to be higher due to a liquidity premium on eligible

assets.4 The nominal marginal rate of intertemporal substitution then evolves endogenously,

re�ecting the dynamics of consumption and in�ation, regardless of whether the policy rate is

�xed or not. To facilitate comparisons with related studies, we further account for standard

features of the model, like sticky prices, capital accumulation, and consumption habits (as

in Christiano et al., 2011), such that the model only di¤ers from standard models by the

endogenous liquidity premium.5

For a simpli�ed version of the model, we show analytically how �scal policy a¤ects interest

rates and real activity. As the main novel theoretical result, we show that the model predicts

that government spending and increases of the labor income tax rate exert conventional e¤ects

regardless of whether the policy rate is set according to a standard feedback rule or is �xed.

Speci�cally, the model supports the neoclassical view on �scal policy, as government spending

4Andolfatto and Williamson (2015) provide a monetary policy analysis at the ZLB in a New Monetarist
model where the treasury rate (set by the central bank) exhibits a liquidity premium.

5While we consider banks in order to motivate demand for reserves and to identify an interest rate on
interbank loans, we neglect �nancial frictions such that the Modigliani-Miller theorem applies.
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increases output due to a wealth e¤ect and crowds-out private absorption (see Linnemann

and Schabert, 2003 or Woodford, 2011). As consumption growth and in�ation respond

positively to an increase in government spending, the nominal marginal rate of intertemporal

substitution and its spread relative to the policy rate increase as well, consistent with our VAR

evidence. These results are further con�rmed numerically by applying a calibrated version

of the model and for a scenario where an adverse shock drives the policy rate temporarily

to the ZLB. At the ZLB, �scal multipliers further do not decrease with the degree of price

stickiness, which has, for example, been stressed by Cochrane (2015) as a puzzling property

at the ZLB. Moreover, we �nd that e¤ects of an increase in the labor income tax rate are not

reversed when the policy rate is at the ZLB, which di¤ers from Eggertsson�s (2011) paradox

of toil. The analysis thus indicates that �scal policy e¤ects are not substantially altered when

the central bank sets the monetary policy rate at its zero lower bound, as long as interest

rates that are more relevant for private sector transactions di¤er from the monetary policy

rate.

Section 2 provides empirical evidence. Section 3 presents the model. In Section 4, we

derive analytical results on �scal policy e¤ects for a simpli�ed version. The Section further

presents impulse responses for a calibrated version of the model and for a scenario where an

adverse shock drives the policy rate temporarily to the ZLB. Section 5 concludes.

2 Empirical evidence

In this Section, we examine �scal policy e¤ects on the spread between the monetary policy

rate, i.e. the federal funds rate, and an interest rate that is typically more relevant for private

sector transactions. We thus provide evidence for a mechanism that reconciles theory with

empirical �ndings (see for example Ramey and Zubairy, 2014), rather than presenting further

evidence on the �scal multiplier at the ZLB.

The (e¤ective) federal funds rate is the overnight rate that banks charge when borrowing

and lending federal funds, which are deposited at the central bank, among each other. Our

analysis builds on the fact that the federal funds rate is only relevant for a small volume of

transactions, while other money market rates in subsequent stages of the monetary trans-

mission process are more relevant for private sector borrowing and serve as benchmarks for

�nancial markets. Speci�cally, we consider the US-LIBOR, which is a money market rate at

which banks freely borrow and lend among each other and which is commonly viewed as the

most important short-term interest rate (see e.g. IMF, 2012). The three-month US-LIBOR,

which corresponds most closely to the theoretical counterpart in our model, usually exceeds

the federal funds rate systematically. For example, during the period 1986.I-2013.II, which is

the sample period for our baseline analysis (see below), it averages 28 basis points above the

federal funds rate. Excluding the recent �nancial crisis, the mean spread is 25 basis points
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(period 1986.I-2008.II). Notably, the US-LIBOR has also been above the federal funds rate

during the recent US �scal stimulus program of the American Recovery and Reinvestment

Act (ARRA), see Figure 10 in Appendix A. Thus, the three-month US-LIBOR is relatively

close to the monetary policy rate, but even at times where the latter has broadly been per-

ceived as being at the zero lower bound, there was a positive spread between the two interest

rates. Longer-term interest rates or non-money market rates are evidently characterized by

larger (term or risk) premia and are typically associated with larger spreads relative to the

federal funds rate. Hence, the numbers above can be viewed as a conservative estimate of

di¤erences between the monetary policy rate and interest rates that are more relevant for

private sector transactions.

The mere existence of a positive interest rate spread might however not question the

adequacy of analyzing �scal policy e¤ects with single interest rate models. If, for example,

the spread between the US-LIBOR and the federal funds rate were roughly constant, one

could argue that it hardly matters for economic analysis, justifying the assumption that both

rates behave approximately identically. For this reason, we investigate whether these interest

rates respond di¤erently to changes in government spending. Our results will show that the

money market spread, i.e. the spread between the three-month US-LIBOR and the federal

funds rate, moves endogenously with macroeconomic aggregates and, in particular, varies

with �scal policy measures. This �nding suggests that interest rate responses are potentially

important for the analysis of �scal policy e¤ects. In particular, when the policy rate is at the

zero lower bound, assuming that the rates behaved identically would lead to mistaking also

other interest rates as constant.

To show that the money market spread is characterized by a systematic and therefore

non-negligible association with the stance of �scal policy, we investigate how it responds in

the short-run to �scal policy shocks by applying �scal VARs. In our baseline speci�cation,

we identify �scal policy shocks recursively following Blanchard and Perrotti (2002), while

we further report results for two alternative VAR identi�cation schemes. We estimate a

parsimonious VAR using quarterly data on government spending, GDP, a measure of private

absorption (private consumption and investment), and include the money market spread as an

additional variable.6 The sample period is 1986.I-2013.II, where the beginning of the sample

period is restricted by the data availability for the US-LIBOR. Except for the money market

spread, all variables are in real per capita terms and in logs. We include a linear-quadratic

time trend and account for four lags.

Figure 1 shows the impulse response functions from the estimated baseline VAR with

government spending ordered �rst. The shaded areas show 68% bootstrapped con�dence

6Details on data sources and variable de�nitions for the baseline VAR and the alternative speci�cations
can be found in Appendix A.
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Figure 1: Responses to a government-spending shock, identi�cation: Blanchard and Perrotti
(2002), sample: 1986.I-2013.II.

intervals. The impact �scal multiplier is estimated to be close to one7 while the expansionary

e¤ect of government spending is relatively short-lived, in line with the results of Perotti (2005)

for a post-1980 sample. We further �nd that private absorption is signi�cantly crowded-out.8

As the main novel empirical �nding, we observe that the money market spread increases

signi�cantly in response to a �scal stimulus. Quantitatively, a one percent increase in gov-

ernment spending leads to a median peak response of the spread of 5.7 b.p. These results

are qualitatively robust to the exclusion of the recent �nancial crisis episode, as can be seen

from Figure 11 in Appendix A.

We further examine whether the response of the money market spread is robust to a

change in the identi�cation strategy of �scal shocks, applying two alternative �scal VARs.

First, we follow Pappa (2009) and use sign restrictions to identify �scal shocks. We estimate

a VAR using GDP, the primary de�cit, government spending, and the money market spread.

7On impact, a one percent increase in government spending leads to a 0.199 percent (mean) increase in
GDP. With an average share of government spending over GDP of 19.6% in our sample, the �scal multiplier
on impact is 0.199/0.196=1.015.

8For the sample 1947.I-2008.III, Ramey (2011) �nds an insigni�cant response of consumption and a signif-
icant crowding out of investment when using the Blanchard-Perotti identi�cation.
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Figure 2: Responses to a �scal-policy shock, identi�cation: Pappa (2009), sample: 1986.I-
2013.II.

Following Pappa (2009), �scal shocks are identi�ed by an impact increase in the primary �scal

de�cit and in GDP, respectively, while being orthogonal to non-�scal shocks that move GDP

and the primary de�cit in opposite directions. As Canova and Pappa (2011), we impose as

an additional restriction that �scal shocks raise government spending. The sample period is

again 1986.I-2013.II. and we account for four lags. In line with Mountford and Uhlig (2009),

who also apply sign restrictions to identify �scal shocks, the increase in GDP is found to be

short-lived, as can be seen from Figure 2. The relative changes of GDP, spending, and the

de�cit are very similar to the ones reported by Enders et al. (2011). Since GDP rises by

about the same amount as the de�cit, on impact the �scal multiplier is close to one also in

this speci�cation.9 Most importantly, also for the identi�cation based on sign restrictions, we

�nd that the money market spread increases signi�cantly in response to �scal expansions.10

We consider a second alternative identi�cation strategy to address Ramey�s (2011) antic-

9The �scal shocks considered here also include tax cuts such that the increase in the de�cit is the most
appropriate measure to quantify the size of the �scal impulse. A �scal shock raises the de�cit by 0.27% of
mean GDP and GDP by 0.26% of mean GDP such that the multiplier is 0.26/0.27=0.96.
10Notably, the e¤ects of the �scal shock on the spread is of similar magnitude as in our baseline VAR. The

same holds for the next identi�cation scheme.
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Figure 3: Responses to a government-spending shock, identi�cation: forecast errors based on
survey of professional forecasters, sample: 1969.I-2008.II.

ipation critique of the simple recursive identi�cation approach. Speci�cally, we use Ramey�s

(2011) preferred identi�cation for the post-Korean war sample period using news shocks based

on professional forecasts. The professional forecasts are taken directly from Ramey (2011)

and are available until 2008. The sample period for this speci�cation is 1986.I-2008.II and

we account for three lags. The VAR includes the forecast error ordered �rst, government

spending, GDP, private absorption, and the money market spread as an additional variable.

Figure 3 shows the impulse responses to an unanticipated shock to government spending.11

As for the previous identi�cation schemes, we �nd that the money market spread increases

signi�cantly in response to an unanticipated shock to government spending. In line with our

previous estimates, we �nd the expansionary e¤ects of �scal shocks to be short-lived. The

estimates are very similar to Ramey�s (2011) post-Korean war estimates, where she also �nds

that GDP rises slightly on impact, but the response then turns negative. In Ramey (2011),

this is accompanied by a crowding out of consumption and investment, similar to what we

�nd for our measure of private absorption.

11The response of the forecast error is not shown for convenience.
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Overall, the VAR evidence shows that the speci�c form of the responses to government

spending shocks varies across identi�cations but we found a remarkably robust result with

respect to the money market spread.12 In fact, the response of the money market spread

to government spending shocks is positive under all three identi�cations schemes. Based on

this evidence, it can be expected that the way the monetary policy rate is set by the central

bank is less important for the transmission of �scal policy shocks than predicted by models

with a single nominal interest rate. In particular, our empirical �ndings suggest that the

�scal multiplier might not be substantially altered when the policy rate is �xed at the ZLB,

given that interest rates that are more relevant for private sector transactions are positive

and tend to adjust upwards after �scal shocks. In the following, we develop a model that is

able to replicate these �ndings, which we then use to analyze �scal policy e¤ects for policy

rates above and at the ZLB.

3 The model

In this Section, we develop a macroeconomic model for the analysis of �scal policy e¤ects.

We pay particular attention to the possibility that the monetary policy rate might di¤er from

nominal rates of return on assets issued by private agents. To explain these di¤erences, we

consider commercial banks that demand high powered money, i.e. reserves supplied by the

central bank via open market operations. Banks further o¤er demand deposits to house-

holds, who rely on (broad) money for goods market transactions, and serve as intermediaries

between households and �rms (by, say, providing convenience of denomination). As in Sch-

abert (2015), we account for the fact that reserves are only supplied against eligible assets,

i.e. treasury securities. Interest rates on non-eligible assets and on loans charged between

private agents will therefore exceed the monetary policy rate (as well as the treasury rate)

by a liquidity premium on eligible assets. To isolate the main mechanism, we neither model

frictions that justify the existence of banks nor other �nancial market frictions. The model

further contains standard features of macroeconomic models (e.g. sticky prices, endogenous

capital accumulation, and habit persistence), which are not essential for our main results,

but are included to facilitate comparisons with related studies on �scal multipliers (as for

example Christiano et al., 2011). Thus, the model is constructed to feature only a single

non-standard element, i.e. the endogenous liquidity premium, which accords to the money

market spread investigated in Section 2.

In each period, the timing of events in the economy, which consists of households, banks,

intermediate goods producing �rms, and retailers, unfolds as follows:13 At the beginning of

12Caldara and Kamps (2008), who compare di¤erent identi�cation strategies (including the three applied
here) for a �ve-variable VAR, also �nd that impact multipliers di¤er across speci�cations and vary between
close to zero and one.
13Further details on the timing of events and the �ow of funds can be found in Schabert (2015).
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each period, aggregate shocks materialize. Then, banks can acquire reserves from the central

bank via open market operations. Subsequently, the labor market opens, goods are produced,

and the goods market opens, where money is used by households as a means of payment.

At the end of each period, the asset market opens and investment/borrowing decisions are

made. Throughout the paper, upper case letters denote nominal variables and lower case

letters real variables.

3.1 Households

There is a continuum of in�nitely lived and identical households of mass one. The representa-

tive household enters a period t with holdings of bank deposits Dt�1 � 0 and shares of �rms
zt�1 2 [0; 1] valued at the price Vt. It maximizes the expected sum of a discounted stream of

instantaneous utilities ut:

E0

1X
t=0

�t�tut; (1)

where E0 is the expectation operator conditional on the time 0 information set, and

� 2 (0; 1) is the subjective discount factor. The instantaneous utility function is given

by u (ct; ct�1; nt) = �[(ct � hct�1)1��= (1� �)] � �n1+�nt =(1 + �n), where � � 1, �n � 0,

�;� = 1, and h � 0, and ct indicates external habit formation. The term �t is a preference

shock satisfying log �t = �� log �t�1 + "�;t, where "�;t is i.i.d. with zero mean and �� 2 [0; 1).
This shock is introduced solely to drive the policy rate to the ZLB (as e.g. in Eggertsson,

2011).

Households can store their wealth in shares of �rms zt 2 [0; 1] valued at the price Vt

with the initial endowment z�1. We assume that households rely on cash for purchases of

consumption goods, while we abstract from purchases of goods via credit, for convenience.

For this, households can in principle hold cash, which is dominated by the rate of return of

other assets. Instead, we consider demand deposits that are o¤ered by banks (see below)

and that are assumed to serve the same purpose. Households typically hold more deposits

than necessary for consumption expenditures such that the goods market constraint, which

corresponds to a standard cash in advance constraint, can be summarized as

Ptct � �Dt�1, (2)

where � 2 [0; 1] denotes an exogenous fraction of deposits withdrawn by the representative
household. The goods market constraint (2) can be motivated as follows: Suppose that

ex-ante identical households receive idiosyncratic preference shocks with bounded support

that shift their valuation of consumption (say, �j for a household j) and that are realized

in each period before the goods market opens. A constrained e¢ cient allocation can be

implemented if households with a higher consumption valuation were endowed with more

money. However, when households decide on their money holdings in period t � 1, their

9



decision refers to an expected (mean) consumption level in the next period, which implies

an ine¢ cient consumption allocation in period t (given that there is no beginning-of-period

inter-household money market). Now suppose that banks o¤er demand deposits, which might

earn a positive interest rate and can be withdrawn within each period. A Pareto-superior

allocation can then be implemented when all households hold deposits that are just as large

as to �nance consumption for the maximum valuation (induced by the preference shock).

Households with a lower valuation of consumption will then withdraw not all deposits for

consumption expenditures, such that � represents a mean fraction of withdrawn deposits

(which actually depends on the distribution of the preference shocks).14

Hence, we neglect cash holdings of households as well as their holdings of treasury bills,

which will be held by banks to satisfy the liquidity requirement.15 We assume that banks

o¤er demand deposits at the period t price 1=RDt , which lead to a payo¤ of one unit in period

t+ 1. The budget constraint of the household is given by�
Dt=R

D
t

�
+ Vtzt + Ptct + Pt� t � Dt�1 + (Vt + Pt%t) zt�1 + (1� �nt )Ptwtnt + Pt't; (3)

where � t denotes a lump-sum tax, %t dividends from intermediate goods producing �rms, �nt
a labor income tax, wt the real wage rate, nt working time, and 't pro�ts from banks and

retailers. Maximizing the objective (1) subject to the goods market constraint (2), the budget

constraint (3), and the borrowing constraints Dt � 0 and zt � 0 for given initial values leads
to the following �rst order conditions for working time, consumption, shares, and deposits:

�t(�un;t)=[(1� �nt )wt] = �t; (4)

�tuc;t= �t +  t; (5)

�Et
�
�t+1R

q
t+1�

�1
t+1

�
= �t; (6)

�Et
��
�t+1 + � t+1

�
��1t+1

�
= �t=R

D
t ; (7)

where un;t = @ut=@nt and uc;t = @ut=@ct denote marginal (dis-)utility from labor and con-

sumption, Rqt = (Vt + Pt%t) =Vt�1 is the nominal rate of return on equity, and  t and �t

denote the multipliers on the goods market constraint (2) and the asset market constraint

(3). Finally, the following complementary slackness conditions hold in the household�s opti-

14To be more speci�c, suppose that ex-ante identical households j 2 [0; 1] draw i.i.d. consumption preference
shocks �j 2 f:::;�low; :::;�high; :::;�maxg after money and asset markets are closed. A constrained e¢ cient
allocation (under positive opportunity costs of money) would for h = 0 imply �highec��high;t = �lowec��low;t
and thus echigh;t > eclow;t for �high > �low. When banks o¤er demand deposits, this allocation can be
implemented when all households invest in deposits satisfying Dt�1 = Ptecmax;t such that those households
with �max withdraw all deposits and those with �j;t < �max withdraw less. De�ning �j as individual
fractions of withdrawn deposits and aggregating over liquidity constraints would then lead to

R
Ptcj;tdj �

(
R
�jdj)Dmax;t�1, which can be rewritten as Ptct � �Dt�1, where ct =

R
cj;tdj, � =

P
�j , and Dt�1 =

Dmax;t�1.
15 In equilibrium, �at money and treasury bills will be dominated in rate of return by household assets.
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mum, 0 � �dt�1�
�1
t � ct,  t � 0,  t

�
�dt�1�

�1
t � ct

�
= 0, where dt = Dt=Pt, as well as (3)

with equality and the associated transversality conditions. Under a binding goods market

constraint (2),  t > 0, the deposit rate tends to be lower than the expected return on equity

(see 6 and 7), as demand deposits provide transaction services.

3.2 Banks

As mentioned above, banks receive demand deposits from households, supply loans to �rms,

and hold treasury bills and reserves for liquidity needs. The banking sector is modelled as

simple as possible, while accounting �arguably in a stylized way �for the way the US Federal

Reserve implements monetary policy: In the recent past (before the �nancial crisis), the Fed

has announced a target for the federal funds rate, i.e. the interest rate at which deposi-

tory institutions lend reserve balances to other depository institutions overnight. Reserves

are originally issued by the central bank via open market operations, which determine the

overall amount of available federal funds that are distributed over the banking sector via

the federal funds market. Due to federal funds�unique ability to be used to satisfy reserve

requirements, banks rely on federal funds market transactions when their reserves demand

within a maintenance period is not directly met by central bank open market transactions.

These open market operations are either carried out as outright transactions or as repurchase

agreements, i.e. as permanent or temporary sales/purchases of eligible securities, between the

central bank and primary dealers (i.e. banks or broker-dealers). Outright transactions are

conducted to accommodate trend growth of currency in circulation, while repurchase agree-

ments are conducted by the Fed to �ne-tune the supply of reserves such that the e¤ective

federal funds rate meets its target value.

In the short run, banks thus have access to reserves via temporary open market transac-

tions with the central bank or via overnight transactions in the federal funds market. This

implies that rates charged for both types of transactions should be similar. Although bor-

rowing from the central bank (via repos) di¤ers from borrowing via the federal funds market,

as e.g. interbank loans are unsecured, the rates/costs at which banks can acquire reserves are

actually almost identical (since overnight loans are hardly associated with counterparty risks).

This can be seen from Figure 12 in Appendix D, which shows the e¤ective federal funds rate

and the rate on Federal Reserve treasury repurchase agreements for January 2005 (where the

availability of data on repo rates starts) to June 2014. The �gure discloses that di¤erences

between the e¤ective federal funds rate and the rate on treasury repurchase agreements were

negligible (four b.p. on average) before the �nancial crisis, in particular, when these rates

are compared to interest rates on bank deposit liabilities (e.g. the US-LIBOR, see Figure

10 in Appendix D).16 This point has also been emphasized by, e.g., Bech et al. (2012). To

16Given that many US �nancial instruments are actually based on the US-LIBOR rate rather than on the
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account for this observation in our macroeconomic model, we assume that the federal funds

rate is identical to the repo rate in open market operations, while we endogenously derive

a spread between these rates (including the treasury bill rate) and interest rates on other

assets/liabilities that originates in a liquidity premium.17

For the model, we consider a continuum of perfectly competitive banks i 2 [0; 1]. A bank
i receives demand deposits Di;t from households and supplies risk-free loans to �rms Li;t at

the price 1=RLt . Bank i further holds short-term government debt (i.e. treasury bills) Bi;t�1

and reserves Mi;t�1 for withdrawals of deposits by households. As in Schabert (2015), the

central bank supplies reserves via open market operations either outright or temporarily under

repurchase agreements; the latter corresponding to a collateralized overnight loan o¤ered by

the central bank. In both cases, treasury bills serve as collateral for central bank money, while

the price of reserves in open market operations in terms of treasuries (the repo rate) equals

Rmt . Speci�cally, reserves are supplied by the central bank only in exchange for treasuries

�BC
i;t, while the price of money is the repo rate R

m
t :

Ii;t = �B
C
i;t=R

m
t and �BC

i;t � Bi;t�1; (8)

where Ii;t denotes additional money received from the central bank. Hence, (8) describes

a central bank money supply constraint, which shows that a bank i can acquire money Ii;t

in exchange for the discounted value of treasury bills carried over from the previous period

Bi;t�1=Rmt . For simplicity, we abstract from modeling an interbank market for overnight

loans in terms of reserves and the associated (federal funds) rate and assume �consistent

with US data � that the treasury repo rate and the federal funds rate coincide, implying

that the central bank sets the repo rate Rmt . Reserves are held by bank i to meet liquidity

demands from withdrawals of deposits

�Di;t�1 � Ii;t +Mi;t�1. (9)

Banks supply loans to �rms at the price 1=RLt leading to a risk-free payo¤ Li;t in period

t + 1. They can further invest in short-term government bonds (i.e. treasury bills) that

are issued at the price 1=Rt. Given that the bank i transferred bonds to the central bank

under outright sales and that it repurchases treasuries BR
i;t = Rmt M

R
i;t from the central bank,

its holdings of treasuries before it enters the asset market equals Bi;t�1 + BR
i;t � �BC

i;t or

Bi;t�1+Rmt M
R
i;t�Rmt Ii;t and its money holdings equals Mi;t�1�Rmt MR

i;t+ Ii;t. Hence, bank

federal funds rate, non-money market rates also tend to di¤er from the latter.
17 It should be noted that the introduction of interest on required and excess reserves by the US Federal

Reserve during the recent �nancial crisis has been aimed at enhancing the control over the e¤ective federal
funds rate. By setting the interest rate on reserves equal to the target rate (and thereby equal to the repo
rate) the central bank eliminates the banks�costs of reserves, as if the price of reserves actually were zero.
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i�s pro�ts Pt'Bi;t are given by

Pt'
B
i;t=

�
Di;t=R

D
t

�
�Di;t�1 �Mi;t +Mi;t�1 � Ii;t (Rmt � 1) (10)

� (Bi;t=Rt) +Bi;t�1 �
�
Li;t=R

L
t

�
+ Li;t�1 +Ai;t=R

A
t �Ai;t�1;

where Ai;t denotes a risk-free one-period interbank deposit liability issued at the price 1=RAt ,

which cannot be withdrawn before maturity. Thus, RAt is the rate at which banks can

freely borrow and lend among each other. Given that a model period is assumed to span

three months, RAt corresponds to the 3-month US-LIBOR applied for the empirical analy-

sis (see Section 2). Notably, the aggregate stock of reserves only changes with the central

bank money supply,
R 1
0 Mi;tdi =

R 1
0 (Mi;t�1 + Ii;t � MR

i;t)di, and is fully backed by trea-

sury bills, whereas demand deposits can be created by the banking sector subject to (9).

Banks maximize the sum of discounted pro�ts, Et
P1

k=0 pt;t+k'
B
i;t+k, where pt;t+k denotes

the stochastic discount factor pt;t+k = �k�t+k=�t, subject to the money supply constraint

(8), the liquidity constraint (9), the budget constraint (10), and the borrowing constraints

lims!1Et[pt;t+k (Li;t+s �Di;t+s �Ai;t+s) =Pt+s] � 0, Bi;t � 0, and Mi;t � 0. The �rst order
conditions with respect to deposits, bonds, loans, money holdings, reserves and one-period

deposit liabilities can be written as

1

RDt
= �Et

�t+1
�t

1 + �{i;t+1
�t+1

; (11)

1

Rt
= �Et

�t+1
�t

1 + �i;t+1
�t+1

; (12)

1

RLt
= �Et

�t+1
�t

��1t+1; (13)

1= �Et
�t+1
�t

1 + {i;t+1
�t+1

; (14)

{i;t + 1=Rmt
�
�i;t + 1

�
; (15)

RAt =R
L
t ; (16)

where {i;t and �i;t denote the multipliers on the liquidity constraint (9) and the money supply
constraint (8), respectively. Further, the following complementary slackness conditions hold

in the bank�s optimum i:) 0 � bi;t�1�
�1
t � Rmt ii;t, �i;t � 0, �i;t

�
bi;t�1�

�1
t �Rmt ii;t

�
= 0, and

ii:) 0 � ii;t+mi;t�1�
�1
t ��di;t�1��1t , {i;t � 0, {i;t

�
ii;t +mi;t�1�

�1
t � �di;t�1��1t

�
= 0, where

di;t = di;t=Pt, mi;t =Mi;t=Pt, bi;t = Bi;t=Pt, and ii;t = Ii;t=Pt, as well as (3) with equality and

the associated transversality conditions.

For a preview on equilibrium properties, compare (11) with (7) to get

Et[
�t+1+� t+1

�t
��1t+1] = Et[

�t+1
�t
(1 + {i;t+1�)��1t+1]. Given that all banks will behave in

an identical way (i.e. {i;t = {t), the latter condition is satis�ed if {t =  t=�t. Hence,

the equilibrium versions of the conditions (14) and (15) imply ( t + �t) =�t = Rmt (�t + 1)
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and ���1t+1
�
�t+1 +  t+1

�
= �t, which can �by using the equilibrium version of households�

condition (5) �be combined to

�t =
�
RISt =Rmt

�
� 1; (17)

where RISt denotes the nominal marginal rate of intertemporal substitution of consumption

RISt = �tuc;t=�Et
�
�t+1uc;t+1=�t+1

�
, which measures the marginal valuation of money by the

private sector.18 Condition (17) implies that the money supply constraint (8) is binding if

the central bank sets the policy rate Rmt below RISt . Notably, these two rates are typically

assumed to be identical in standard macroeconomic models, including studies on �scal mul-

tipliers at the ZLB (see Christiano et al., 2011 or Eggertsson, 2011). Here, these rates can

di¤er by a liquidity premium, which disappears only if money is supplied in a way that makes

eligible assets (like treasury bills) abundant.19 Substituting out {t in the equilibrium version

of (14) with {t =  t=�t and combining with the equilibrium version of (5), leads to

 t = �tuc;t
�
1� 1=RISt

�
; (18)

which implies that the household�s liquidity constraint (2) as well as the bank�s liquidity

constraint (9) are binding if RISt is strictly larger than one. Hence, liquidity might still be

positively valued by households and banks, i.e. RISt > 1, even when the policy rate is at

the zero lower bound, Rmt = 1. The relation between the equilibrium values of the various

interest rates (Rmt , R
D
t , R

L
t , Rt, and R

IS
t ) will be discussed in Section 3.5.

3.3 Firms

There are intermediate goods producing �rms, which sell their goods to monopolistically

competitive retailers. The latter sell a di¤erentiated good to bundlers who assemble �nal

goods using a Dixit-Stiglitz technology. Intermediate goods producing �rms are identical,

perfectly competitive, owned by households, and produce an intermediate good ymt with

labor nt and physical capital kt�1. They produce according to the production function

ymt = n�t k
1��
t�1 ; � 2 (0; 1); (19)

and sells the intermediate good to retailers at the price Pmt . Physical capital is owned by �rms

and capital accumulation is associated with adjustment costs: kt = (1� �) kt�1+xt�t, where
� is the rate of depreciation, xt denotes investment expenditures, and investment adjustment

costs are � (xt=xt�1) = 1� & 12 (xt=xt�1 � 1)
2. To induce a demand for bank loans, we neglect

retained earnings and assume that �rms rely on bank loans to �nance investment expenditures

18Agents are willing to spend RISt � 1 to transform one unit of an illiquid asset, i.e. an asset that is not
accepted as a means of payment today and delivers one unit of money tomorrow, into one unit of money today.
19For example, the latter might have been the case after the US Federal Reserve increased the supply of

reserves via large scale asset purchases and thus after expansionary �scal policies have been conducted in the
US.
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that have to be made before goods are sold. Hence, �rms�loan demand satis�es:

Lt=R
L
t � Ptxt: (20)

As �rms are committed to fully repay their liabilities, bank loans are risk-free. The problem

of a representative �rm can then be summarized as maxEt
P1

k=0 pt;t+k%t+k, where %t denotes

real dividends %t = (P
m
t =Pt)n

�
t k

1��
t�1 � wtnt � xt � lt�1�

�1
t + lt=R

L
t , subject to capital accu-

mulation. The �rst order conditions for working time, loans, investments, and capital can be

summarized by wt = mct�y
m
t n

�1
t ,

1 + t = qt
�
�t + (xt=xt�1) �

0
t

�
� Et

h
pt;t+1qt+1 (xt+1=xt)

2 �0t+1

i
; (21)

qt = Et
�
pt;t+1

�
(1� �)mct+1ymt+1k�1t + (1� �) qt+1

��
; (22)

1 + t = RLt Et[pt;t+1�
�1
t+1]; (23)

where mct = Pmt =Pt denotes real marginal costs, qt the price of physical capital in terms

of the �nal good, and t the multiplier on the loan demand constraint (20). In absence of

�nancial market frictions, the Modigliani-Miller theorem applies here, such that the multiplier

t equals zero. This can immediately be seen from combining banks�loan supply condition

(13) with the �rm�s loan demand condition (23), implying t = 0. Hence, the loan demand

constraint (20) is slack, such that the �rm�s investment decision is undistorted.

Monopolistically competitive retailers buy intermediate goods ymt at the price Pmt . A

retailer h 2 [0; 1] relabels the intermediate good to yh;t and sells it at price Ph;t to perfectly
competitive bundlers, who bundle the goods yh;t to the �nal consumption good yt with the

technology y
"�1
"

t =
R 1
0 y

"�1
"

h;t dh, where " > 1. The cost minimizing demand for yh;t is therefore

given by yh;t = (Ph;t=Pt)
�" yt. Retailers set their prices to maximize pro�ts, where we consider

a nominal rigidity in form of staggered price setting. Each period, a measure 1�� of randomly
selected retailers may reset their prices independently of the time elapsed since the last price

setting, while a fraction � 2 [0; 1) of retailers do not adjust their prices. The fraction

1� � of retailers set their prices to maximize the expected sum of discounted future pro�ts,

maxPh;t Et
P1

s=0 �
spt;t+s(P h;tyh;t+s � Pt+smct+syh;t+s), s.t. yh;t+s = PPh;t

��P �t+syt+s. The

�rst order condition for their price P h;t is given by Zt = "
"�1Z1;t=Z2;t, where Zt = P h;t=Pt,

Z1;t = c��t ytmct + ��Et�
"
t+1Z1;t+1 and Z1;t = c��t yt + ��Et�

"�1
t+1Z2;t+1. With perfectly

competitive bundlers and the homogeneous bundling technology, the price index Pt for the

�nal consumption good satis�es P 1�"t =
R 1
0 P

1�"
h;t dh. Using the demand constraint, we obtain

1 = (1� �)Zt1�" + ��"�1t .

Aggregate intermediate output is then given by ymt = n�t k
1��
t�1 , while price dispersion

across retailers a¤ects aggregate �nal output. Speci�cally, the market clearing condition in

the intermediate goods market, ymt =
R 1
0 yh;tdh; gives n

�
t k

1��
t�1 =

R 1
0 (Ph;t=Pt)

�" ytdh , yt =
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n�t k
1��
t�1 =st, where st �

R 1
0 (Ph;t=Pt)

�" dh and st = (1� �)Zt�" + �st�1�"t given s�1.

3.4 Public sector

The public sector consists of a government and a central bank. The government purchases

goods, raises taxes, pays and receives transfers, and issues short-term debt BT
t which is held

by banks, Bt, and by the central bank, BC
t , i.e. B

T
t = Bt+B

C
t . These securities are modelled

as one-period risk-free bonds and correspond to treasury bills, given that a period lasts three

months. Following Schabert (2015), we assume that the supply of treasury bills is exogenously

determined and that they are issued at a constant growth rate � satisfying

BT
t = �B

T
t�1; (24)

where � > �. By (24), we do not aim at modelling the evolution of total public debt that

also consists of government bonds with longer maturity. The latter might grow with a rate

di¤erent from �, which will not be modelled here to keep the exposition simple. Hence,

(24) rather describes the supply of money market instruments that the central bank declares

eligible. For the analysis of �scal policy shocks, we assume that a �at-rate income tax �nt and

government expenditures gt are generated by stochastic processes:

gt= �ggt�1 + (1� �g)g + "g;t;

�nt = ���
n
t�1 + (1� �� )�n + "�;t;

where �g;� 2 (0; 1); g > 0, �n 2 (0; 1) and the innovations "g;t and "�;t have zero mean and
are i.i.d..20 To isolate e¤ects of these �scal policy shocks, we assume that the government

can raise or transfer revenues in a non-distortionary way, Pt� t. Further accounting for the

transfers Pt�mt from the central bank, the government budget constraint is given by�
BT
t =Rt

�
+ �nt Ptwtni;t + Pt�

m
t = Ptgt +B

T
t�1 + Pt� t:

The central bank supplies money in exchange for treasury bills either outright, Mt; or under

repos MR
t . At the beginning of each period, the central bank�s stock of treasuries equals

BC
t�1 and the stock of outstanding money equals Mt�1. It then receives an amount �BC

t of

treasuries in exchange for newly supplied money It =Mt�Mt�1+MR
t , and, after repurchase

agreements are settled, its holdings of treasuries and the amount of outstanding money reduce

by BR
t and by M

R
t , respectively. Before the asset market opens, where the central bank can

reinvest its payo¤s from maturing securities in T-bills BC
t , it holds an amount equal to

�BC
t + BC

t�1 � BR
t . Its budget constraint is thus given by

�
BC
t =Rt

�
+ Pt�

m
t = �BC

t +

20We abstract from explicitly accounting for the bounds gt � 0 and �nt < 1 and, in the analytical evaluation,
assume that they are satifs�ed. In the numerical analysis, we choose the variances of "�;t and "g;t such that
gt < 0 and �nt > 1 are extremely unlikely.
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BC
t�1 � BR

t +Mt �Mt�1 �
�
It �MR

t

�
, which after substituting out It, BR

t , and �B
C
t using

�BC
t = Rmt It, can be simpli�ed to

�
BC
t =Rt

�
�BC

t�1 = Rmt (Mt �Mt�1)+(Rmt � 1)MR
t �Pt�mt .

Following central bank practice, we assume that interest earnings are transferred to the

government, Pt�mt = BC
t (1� 1=Rt)+(Rmt � 1)

�
Mt �Mt�1 +MR

t

�
, and that maturing assets

are rolled over, such that holdings of treasuries evolve according to BC
t �BC

t�1 =Mt�Mt�1.

Further restricting initial values to BC
�1 =M�1 leads to the central bank balance sheet

BC
t =Mt: (25)

Regarding the implementation of monetary policy, we assume that the central bank sets the

policy rate according to a Taylor-type feedback rule, while respecting the ZLB:

Rmt = maxf1;
�
Rmt�1

��R (Rm)1��R (�t=�)��(1��R) (yt=eyt)�y(1��R)g; (26)

where eyt is the e¢ cient level of output and �� � 0, �y � 0, �R � 0 and Rm � 1. The

target in�ation rate � is controlled by the central bank and is assumed to equal the growth

rate of treasuries �, for simplicity. In Schabert (2015), it is shown how the central bank can

implement its in�ation target even if � 6= �. Finally, the central bank �xes the fraction of

money supplied under repurchase agreements relative to money supplied outright at 
 � 0 :
MR
t = 
Mt. For the quantitative analysis, 
 will be set at a su¢ ciently large value to ensure

that central bank money injections It are non-negative.

3.5 Equilibrium properties

Given that all �rms, retailers, and banks behave in an identical way, we can omit the indices

h and i. A de�nition of the rational expectations equilibrium can be found in Appendix B. It

should be noted that banks are irrelevant for the equilibrium allocation as �nancial markets

are frictionless, such that the Modigliani-Miller theorem applies here. The main di¤erence

to a conventional New Keynesian model is thus the existence of the money supply constraint

(8), which ensures that reserves are fully backed by treasuries. Notably, interest rates on

non-eligible assets exceed the policy rate and the treasury rate by a liquidity premium if

(8) is binding. This is the case when the central bank supplies money at a lower price than

households would be willing to pay, Rmt < RISt , such that households earn a positive rent

and are willing to increase their money holdings. Given that access to money is restricted

by holdings of treasury bills, the money supply constraint (8) will be binding, indicating a

positive liquidity value of treasuries, �t > 0 (see 17).
21 The treasury rate Rt, which satis�es

(12), can, by applying the equilibrium versions of (5), (14), (15), and {t =  t=�t, be written

21Notably, a binding money supply constraint (8), which relies on a positive valuation of liquidity, implies
that the cash constraint (2) is binding as well,  t > 0.
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as

Rt = EtR
m
t+1 +�t; (27)

where �t collects terms that are higher than �rst order, implying that the treasury bill rate

equals the expected policy rate up to �rst order. The bank�s �rst order conditions (11), (13),

(14), and (16) further imply that the deposit rate RDt exceeds one and is smaller than the

interest rates on loans to �rms RLt and on one-period interbank loans R
A
t when liquidity is

positively valued, i.e. if  t > 0. Given that both types of loans are assumed to be risk-

free, their nominal interest rates are identical (see 16) and in the long-run given by �=�.

Combining (13), with ���1t+1
�
�t+1 +  t+1

�
= �t (see 14) and (5) shows that the loan rate

RLt and therefore the interbank rate R
A
t = RLt are identical to the expected marginal rate of

intertemporal substitution up to �rst order:

1=RAt = Et[1=R
IS
t+1]: (28)

According to (28), the money market spread RAt � Rmt will be closely related to the spread

between the marginal rate of intertemporal substitution and the monetary policy rate RISt �
Rmt , which precisely captures how the model deviates from a standard model. When we

derive analytical results in the subsequent section, we focus on the latter to unveil the main

mechanism at work, while we present impulse responses of the former to �scal shocks (that

correspond to our empirical results) in the quantitative part of the analysis.

It should be noted that the model reduces to a conventional model if the money supply

constraint (8) is slack, i.e. if the multiplier �t equals zero, which requires the policy rate to

be equal to the nominal marginal rate of intertemporal substitution RISt (see 17). In this

case, the interbank rate RAt is identical to the policy rate at the zero lower bound (see 28).

This version of the model is summarized in De�nition 2 in Appendix B. Throughout the

remaining analysis, we are, however, particularly interested in the case where the policy rate

Rmt is strictly below the nominal marginal rate of intertemporal substitution RISt , such that

the money supply constraint (8) is binding. This can be ensured in a long-run equilibrium

(where steady state values are not indexed with t) if the central bank sets the real policy rate

Rm=� below the long-run real interest rate 1=� on non-eligible assets. According to (27),

the real treasury rate is then also lower than the real rates on non-eligible assets. In the

short-run, Rmt < RISt requires that the central bank is not supplying money in a way that

induces liquid assets (i.e. reserves and treasury bills) to be abundant.22 Such a policy can be

motivated by the fact that a central bank can actually enhance welfare by supplying money

22Put di¤erently, RISt should not endogenously fall to the level of the policy rate. If, for example, the central
bank strongly increases the supply of money, the associated upward shift in consumption would increase the
growth rate of the marginal utility of consumption and thereby drive down RISt , until it reaches the policy
rate.
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against scarce collateral, as shown by Schabert (2015) in a related model. Further, note that

as long as RISt does not hit the zero lower bound, i.e. RISt > 1, the demand for money is well

de�ned, as the liquidity constraints of households (2) and banks (9) are binding (see 18).

4 Fiscal policy e¤ects

In this Section, we examine the e¤ects of shocks to the �scal policy instruments, gt and � t,

for the case where the money supply constraint (8) is binding, i.e. where �t > 0 (see 17),

which allows reproducing the observations regarding the interest rate spread as documented

in Section 2. When the money supply constraint is not binding (see De�nition 2 in Appendix

B), the model is actually identical to the model examined by Linnemann and Schabert (2003),

where it is shown that �scal policy shocks have conventional neoclassical e¤ects when the ZLB

is slack (see also Woodford, 2011), i.e. the �scal multiplier is smaller than one as government

spending crowds out private absorption.23 In the �rst part of this Section, we examine

�scal policy shocks in a simpli�ed version of the model, which can be solved analytically. In

the second part, we apply a calibrated version of the model and present impulse response

functions. Speci�cally, we examine �scal policy e¤ects on interest rates and real activity for

the case where the policy rate is temporarily at the zero lower bound.

4.1 Analytical results

To facilitate the derivation of analytical results, we simplify the model by applying the pa-

rameter values � = 1, h = 0, �g;� = 0, � = � = 1, and 
!1, which imply that there is no
capital accumulation, no habit formation, no autocorrelation of �scal shocks, long-run price

stability, and that money is exclusively supplied under repos. We further simplify monetary

policy by restricting the policy rate to be set according to (26) with �R;y = 0. For these sim-

plifying parameter values, we log-linearize the model at a steady state with a binding money

supply constraint (8), i.e. with Rm=� < 1=� (see 17). We further assume for this subsection

that shocks are su¢ ciently small such that the ZLB is never binding. A de�nition of the ra-

tional expectations equilibrium of this model version can be found in Appendix C. Before we

analyze the e¤ects of �scal policy shocks, we examine conditions for equilibrium determinacy,

i.e. for the existence and the uniqueness of locally convergent equilibrium sequences, which

are summarized in the following proposition.

Proposition 1 For h = �R;y;g;� = 0, � = � = � = 1, Rm=� < 1=�, and 
 ! 1, the
equilibrium under a slack ZLB is locally determined if but not only if

�� < [(1 + �)�
�1 + 1� �]=�; (29)

where � = (1� �)(1� ��)=�.

23E¤ects of �scal policy shocks for this version are included in Figures 4 and 5, below.
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Proof. See Appendix C.

Condition (29) in Proposition 1 implies that, under a binding money supply constraint (8), an

active monetary policy (�� > 1) is neither necessary nor relevant for equilibrium determinacy

in this model and that the central bank can peg the policy rate (�� = 0) at any non-negative

rate without inducing indeterminacy. This property is mainly due to a non-explosive supply

of eligible assets, i.e. treasuries, by which reserves are backed and which provide a nominal

anchor for monetary policy (similar to a constant growth rate of money).24 Multiple equilibria

do therefore not occur even if the central bank applies a passive (�� < 1) interest rate policy.

Notably, the well-known Taylor principle does not apply here, given that the central bank

does not control the marginal rate of intertemporal substitution. It should further be noted

that the su¢ cient condition (29) is far from being restrictive for a broad set of reasonable

parameter values. Consider, for example, the parameter values � = 0:9948, � = 2 and � = 0:8

(see Section 4.2). Then, � = 0:051 and the upper bound equals 19:04, which is much larger

than values typically estimated for the in�ation feedback ��.

We now turn to the analysis of �scal policy e¤ects. We show that �scal policy shocks,

i.e. an increase in government spending and an increase in the tax rate, lead to a decline in

private consumption and to an increase in in�ation regardless of the level of the mean policy

rate and of the in�ation feedback parameter ��. We further show that the nominal marginal

rate of intertemporal substitution rises in response to an increase in government spending.

These results are summarized in the following proposition.

Proposition 2 For h = �R;y;g;� = 0, � = � = � = 1, Rm=� < 1=�, 
 ! 1, (29), and a
slack ZLB, an unexpected increase in government spending as well as an unexpected rise in
the income tax rate lead, on impact, to a fall in private consumption ct and to an increase
in in�ation �t, in the nominal marginal rate of intertemporal substitution RISt , and in the
spread RISt �Rmt .

Proof. See Appendix C.

As summarized in Proposition 2, the model predicts that �scal policy shocks lead to e¤ects

that accord to the neoclassical view on �scal policy (see Baxter and King, 1993, Linnemann

and Schabert, 2003, or Woodford, 2011). Notably, these results hold regardless of whether

the policy rate is �xed at some non-negative value, Rm � 1, or increased with in�ation,

given that (29) is satis�ed.25 An increase in government spending then crowds-out private

consumption such that the �scal multiplier is necessarily smaller than one.26 Both types of

24This result also holds when treasuries grow with a positive rate � > 1 (see Schabert, 2015, for details on
how the central bank controls long-run in�ation in this case).
25Even under a peg, there is no equilibrium multiplicity, which has been explored by Mertens and Ravn

(2014) to revisit �scal policy e¤ects at the ZLB.
26Likewise, an increase in the labor income tax rate increases in�ation and reduces private consumption

regardless of the policy rule feedback parameter �� � 0.

20



shocks further tend to increase the nominal marginal rate of intertemporal substitution and

its spread to the monetary policy rate. The reason is that the immediate crowding out of

private consumption, which is associated with an increase in the consumption growth rate,

implies an increase in the real marginal rate of intertemporal substitution, while the increase

in in�ation also raises the marginal rate of intertemporal substitution in nominal terms. Both

e¤ects are even more pronounced when the policy rate is increased with in�ation, such that

the spread RISt �Rmt increases as well. A rise in the spread would obviously be impossible in a
single interest rate framework. Here, the nominal marginal rate of intertemporal substitution

endogenously adjusts to the �scal shocks even when the policy rate is pegged, such that the

spread between the monetary policy rate Rmt and RISt increases. The e¤ects on the spread

between the interbank rate RAt , which follows expectations on R
IS
t+1 (see 28), and the policy

rate will be shown below for the calibrated version of the model.

In this model, macroeconomic e¤ects of �scal policy shocks for a zero policy rate closely

relate to the case where the central bank controls the money growth rate and the marginal rate

of intertemporal substitution adjusts endogenously. As shown by Linnemann and Schabert

(2003) for the case of constant money growth, government expenditure shocks then exert

conventional e¤ects, i.e. they lead to a crowding out of private consumption and to a �scal

multiplier smaller than one. These results di¤er from the results derived in Christiano et al.

(2011) and Eggertsson (2011), where not only the monetary policy rate is �xed at zero, but

also the nominal marginal rate of intertemporal substitution RISt . To demonstrate that these

results also hold for more realistic parameter values, we assess the responses to �scal shocks

for a calibrated version of the model in the subsequent Section.

4.2 A calibrated version

We apply standard parameter values (which accord to an interpretation of a period as a

quarter) as far as possible. We set the inverses of the elasticities of intertemporal substitution

to � = 2 and �n = 2, the labor income share to � = 2=3, the habit formation parameter to

h = 0:7, and the depreciation rate to � = 0:025. The elasticity of substitution � is set to � = 6,

and the utility parameter � is chosen to lead to a steady state working time of n = 1=3. For the

benchmark case, we apply for the fraction of non-optimally price adjusting �rms � and for the

investment adjustment cost parameter &, the standard value � = 0:8 and the value & = 0:065,

which accords to estimates based on disaggregate data (see Groth and Khan, 2010). For the

policy rate and the in�ation rate, we set the average value equal to the sample mean of the

federal funds rate and the CPI in�ation rate for the sample 1964.II-2008.II, Rm = 1:06351=4.

and � = 1:0451=4 (data are from the FRED database). The discount factor � is set to

� = 0:9948, which implies that the steady state spread between the nominal marginal rate of

intertemporal substitution RIS and the monetary policy rate Rm equals 0:0028 for annualized
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Figure 4: Responses to a government spending shock under a slack ZLB [Notes: Panels 1-6
show relative deviations (in %) from steady state, absolute reaction (in b.p.) shown in panels
7-9.]

rates, in accordance with the mean spread between the 3-month US-LIBOR and the federal

funds rate for the period 1986.I-2013.II (see Figure 10 in Appendix D). The growth rate �

of T-bills (see 24) is set equal to the in�ation target, which roughly accords to the growth

rate of the stock of T-bills for 1986-2008 (data are from the U.S. Treasury). The model does

not account for real growth and thus there is no trend in real money demand, which would

have to be accommodated by the central bank by an increasing outright money supply. We

thus set the fraction of money supplied under repos, 
, equal to 1, for simplicity, which is

however not relevant for the results. The policy rate is set according to the interest rate rule

(26) with coe¢ cients of the Taylor rule that are set to standard values �� = 1:5, �y = 0:05,

and �R = 0:8. Finally, the mean tax rate �n and the mean government share g=y are set

to 0.2 (see Christiano et al., 2011). Under these parameter values, the equilibrium is locally

determinate (which accords to the result summarized in Proposition 1) for all versions of the

model considered below.
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Figure 5: Responses to an income tax rate shock under a slack ZLB [Notes: Panels 1-6 show
relative deviations (in %) from steady state, absolute reaction (in b.p.) shown in panels 7-9]

Impulse responses to �scal policy shocks Before we look at a ZLB scenario, we examine

responses to government spending shocks for the case where the ZLB is slack to demonstrate

that the model leads to conventional �scal policy e¤ects regardless of the reaction of monetary

policy as measured by the in�ation feedback ��. In contrast to standard New Keynesian

models, our model allows to compute �scal policy e¤ects for a �xed policy rate while ensuring

a uniquely determined equilibrium (see Proposition 1). This case will be associated with a

maximum multiplier (as monetary policy does not stem against the in�ationary e¤ect of �scal

shocks), and is particularly interesting as it should relate to the �scal multiplier for temporary

ZLB episodes.

Figure 4 shows impulse responses to an autocorrelated (�g = 0:8) government spending

shock amounting to one percent of steady state spending for three model versions. The black

solid line refers to an interest rate peg (�� = �y = 0), the red dashed line refers to a policy rate

set according to a Taylor rule, and the blue dotted line with diamonds refers to a (standard)

version of the model with a Taylor rule and where the policy rate equals the marginal rate of
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substitution, Rmt = RISt .
27 In all three versions, government spending exerts the well-known

wealth e¤ect: higher public consumption crowds out private consumption while it leads to

an increase in labor supply such that the �scal multiplier is positive. Investment falls, while

real marginal costs and therefore in�ation increase. Even when the policy rate is pegged,

consumption is not crowded-in, which di¤ers from the prediction of standard New Keynesian

models at the ZLB (see Eggertsson, 2011, or Christiano et al., 2011). Notably, the nominal

marginal rate of intertemporal substitution increases in all cases, i.e. regardless of whether

the policy rate is pegged or follows a Taylor rule.28 In both scenarios where the money

supply constraint is binding (see black solid line and red dashed line) the spread between the

interbank rate RAt and the policy rate R
m
t increases, consistent with the empirical evidence

provided in Section 2.29 Overall, the responses to higher government spending under a binding

money supply constraint are not hugely a¤ected by monetary policy pegging the policy rate

or adjusting it endogenously according to a Taylor rule. Quantitatively, we �nd that an

increase in government spending tends to be slightly more expansionary under a peg, which

is due to the in�ation driven increase in the policy rate under a Taylor rule that counteracts

the expansionary shock. On impact, the �scal multiplier equals 0.58 under a Taylor rule and

0.63 when the policy rate is pegged, respectively.

Figure 5 further shows the corresponding responses to an autocorrelated (�� = 0:8) in-

crease in the labor income tax rate. In accordance with conventional wisdom, both, working

time and consumption decline. As wages and real marginal costs increase, in�ation rises,

27 In this case, the money supply constraint (8) is slack and the model reduces to a standard New Keynesian
model (see De�nition 2 in Appendix B).
28Notice that the mean policy rate is positive under a Taylor rule such that negative deviations from steady

state do not imply negative policy rates. For the standard model, the mean policy rate equals �=� as usual.
29Quantitatively, the maximum response of the spread (1.6 b.p. and 2.1 b.p. for the Taylor rule and the

peg, respectively) lies within the con�dence interval for the peak response of the spread in our benchmark
VAR.
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which causes the central bank to increase the policy rate when it applies a Taylor rule. Both

versions of the model with the binding money supply constraint unambiguously show that

output declines and the money market spread increases regardless of monetary policy, con-

sistent with the results summarized in Proposition 2. Speci�cally, the fact that the policy

rate is pegged does not a¤ect the sign of the responses to higher tax rates.

Fiscal policy shocks at the ZLB We now analyze the model�s properties at a temporarily

binding zero lower bound. For this, we use the dynare supplement "occbin" developed by

Guerrieri and Iacoviello (2014).30 We consider the smallest shock to the preference parameter

� that causes the economy to reach the zero lower bound in the impact period and to remain

there for three periods, which su¢ ces for the purpose of this analysis. The red dashed lines

in Figure 6 show responses to this shock. The preference shock causes output and in�ation

to fall such that the central bank lowers the policy rate until the zero lower bound is reached.

In order to evaluate the e¤ects of �scal policy at the zero lower bound, we examine the

responses to a government spending shock amounting to 5% of steady state output that hits

the economy in the same period as the preference shock that brings it to the ZLB. In Figure

6, the black solid lines give the responses when the economy is hit by both shocks. The

30"Occbin" solves dynamic models with occasionally binding constraints using a �rst-order perturbation
approach. It handles occasionally binding constraints as di¤erent regimes of the same model to obtain a
piecewise linear solution. While non-linear techniques have been applied to study �scal policy e¤ects at the
ZLB (e.g., Fernández-Villaverde et al., 2012), this approximation su¢ ces for our purposes.
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results show that the expansionary �scal policy in fact mitigates the reduction in output and

in�ation, though to a comparably small extent, while the sequences of the policy rate are

virtually identical.

To take a closer look at the e¤ects of expansionary �scal policy, Figure 7 presents the

net e¤ects of the government spending shock, i.e. the responses to both shocks net of the

responses to the preference shock alone. Here, we show results for di¤erent degrees of price

rigidity �, i.e. for the benchmark value 0.8 (black solid line), for 0.75 (red dashed line),

and for 0.85. (blue dotted line with circles). Overall, Figure 7 shows that the �scal impulse

has conventional e¤ects as it crowds-out private absorption and increases output as well as

in�ation, even though the policy rate is temporarily at the ZLB. As before, the government

spending shock leads to a rise in the marginal rate of intertemporal substitution and with the

policy rate being �xed at the ZLB for the �rst periods the spread between the interbank rate

and the monetary policy rate RAt �Rmt rises as well. Overall, the impulse responses from the

calibrated version accord to the results derived for the simpli�ed version in Proposition 2. On

impact, �scal spending is increased by 5% of steady state GDP which, for the baseline value of

� = 0:8, induces a rise in GDP by 3.18% of its steady state value. Hence, the �scal multiplier

on impact equals 0.64 and is thus well below the numbers suggested by e.g. Christiano et al.

(2011), even though the economy is at the ZLB. A comparison of the di¤erent lines in Figure

7 further shows a fairly intuitive result, namely, that the �scal multiplier is larger the more

prices are sticky. This result is particularly remarkable, as the opposite has typically been

found in related studies on the ZLB, as stressed by Cochrane (2015).31

Finally, we conduct the corresponding experiment for an increase in the labor income tax

rate when the economy is hit by an adverse preference shock, such that the policy rate is again

lowered until it reaches the ZLB. Consistent with the results from the previous analysis, the

31The �scal multiplier further increases with the autocorrelation of the �scal shocks and the investment
adjustment costs, though it does not exceed one (see Figures in Appendix D).
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adverse e¤ect on real activity is more pronounced when the labor income tax rate is increased

(see black solid line in Figure 8). The net e¤ects of the tax rate increase are shown in more

detail in Figure 9. It con�rms that the tax increase leads to conventional e¤ects, which

are � intuitively �more pronounced when labor supply is more elastic (1=�n takes higher

values). The adverse e¤ect of a tax rate increase is intuitive and remarkably di¤erent from

the paradoxic results stemming from standard New Keynesian models at the ZLB, where tax

shocks can exert expansionary e¤ects (see Eggertsson, 2011).

5 Conclusion

In this paper, we reconsider �scal policy e¤ects when the monetary policy rate is at the

zero lower bound. We provide evidence for US data showing that a short-term interest

rate that is more relevant for private borrowing (i.e. the US-LIBOR) tends to exceed the

monetary policy rate and that the spread tends to increase with government expenditures.

We augment a standard New Keynesian model to replicate this �nding by introducing a

liquidity premium between the marginal rate of intertemporal substitution and the monetary

policy rate. Applying this model, we show that �scal policy shocks exert conventional e¤ects

(like in standard models when the ZLB is not binding), i.e. government spending and income

tax shocks increase in�ation and reduce private absorption. This result is shown analytically

and for a calibrated version of the model, including a scenario where the monetary policy rate

is temporarily at the ZLB. The analysis thus demonstrates that the ZLB is not particularly
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important for �scal policy e¤ects when not all interest rates are held �xed at the ZLB.
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Appendix

A Appendix to the empirical analysis
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Figure 10: Federal funds rate and 3-month US-LIBOR (monthly and not seasonally adjusted
in p.p.a.) (Data sources: FRED database and recovery.gov of the Recovery Accountability
and Transparency Board) [Notes: Awarded funds have been summed up by month.]

Real per-capita output is calculated as GDP in billions of current dollars (FRED series

ID: GDP) divided by the GDP de�ator (GDPDEF) and the civilian noninstitutional popu-

lation (CNP16OV). The government spending measure is calculated as the sum of Govern-

ment Consumption Expenditures (A955RC1Q027SBEA) and Gross Government Investment

(A782RC1Q027SBEA) divided by the GDP de�ator and the civilian noninstitutional pop-

ulation. Private absorption is the sum of personal consumption expenditures (PCE) and

gross private domestic investment (GPDI), de�ated with the GDP de�ator and divided by

the civilian noninstitutional population. Output, government spending, and private absorp-

tion enter the VAR in logs. The money market spread is the di¤erence between the 3-month

LIBOR based on the US dollar (USD3MTD156N) and the (e¤ective) federal funds rate (FED-

FUNDS) and enters the VAR in levels. In the VAR using sign restrictions for identi�cation,

we further include the primary government de�cit which is calculated as the negative sum

of net government saving (TGDEF) and government interest payments (A180RC1Q027SBE)

divided by the sample mean of GDP. This variable enters the VAR in levels.
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Figure 11: Responses to a government-spending shock, identi�cation: Blanchard and Perotti
(2009), sample: 1964.II-2008.II.

B Equilibrium de�nition

De�nition 1 A rational expectations equilibrium (REE) is a set of sequences fct, yt, nt, xt,
kt, wt, qt, �t, mR

t , mt, bt, bTt ; mct, Z1;t, Z2;t, Zt, st, �t, R
IS
t g1t=0 satisfying

ct = mt +m
R
t , if RISt > 1; or ct � mt +m

R
t , if RISt = 1; (30)

bt�1= (R
m
t �t) = mt �mt�1�

�1
t +mR

t , if RISt > Rmt ; (31)

or bt�1= (Rmt �t) � mt �mt�1�
�1
t +mR

t , if RISt = Rmt ;

mR
t = 
mt; (32)

bt = bTt �mt, (33)

bTt = �b
T
t�1=�t; (34)

�n�nt = uc;t(1� �nt )wt=RISt ; (35)

1=RISt = �Et
�
�t+1uc;t+1= (�tuc;t�t+1)

�
; (36)

wt = mct�n
��1
t k1��t�1 ; (37)

�t = �Et
�
�t+1uc;t+1=�t+1

�
; (38)

1 = qt
�
�t + (xt=xt�1) �

0
t

�
� Et�

h
(�t+1=�t) qt+1 (xt+1=xt)

2 �0t+1

i
; (39)

qt = �Et [(�t+1=�t) ((1� �)mct+1 (yt+1=kt) + (1� �) qt+1)] ; (40)
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Figure 12: Federal funds rate and treasury repo rate (Data sources: E¤ective Federal Funds
rate: FRED series ID FEDFUNDS; Rate on Fed Treasury Repos: DTCC GCF Repo Index,
see http://www.dtcc.com/charts/dtcc-gcf-repo-index.aspx#download)

Z1;t = �tytmct + ��Et�
"
t+1Z1;t+1; (41)

Z2;t = �tyt + ��Et�
"�1
t+1Z2;t+1; (42)

Zt = ["= ("� 1)]Z1;t=Z2;t; (43)

1 = (1� �)Zt1�" + ��"�1t ; (44)

st = (1� �)Zt�" + �st�1�"t ; (45)

yt = n�t k
1��
t�1 =st; (46)

yt = ct + xt + gt; (47)

kt = (1� �) kt�1 + xt�t; (48)

(where uc;t = (ct � hct�1)��, �t = 1 � & 12 (xt=xt�1 � 1)
2), the transversality conditions, a

monetary policy fRmt � 1g1t=0, 
 > 0, � � �, and a �scal policy fgt,�nt g1t=0, � � 1, for given
sequences f�tg1t=0 and feytg1t=0 (see below) and initial values M�1 > 0, B�1 > 0, BT

�1 > 0,
k�1 > 0, x�1 > 0, and s�1 � 1.

Given a rational expectations equilibrium as summarized in De�nition 1, the equilibrium

sequences fRt, RDt , EtR
q
t+1, R

L
t , R

A
t g1t=0 can be determined by

Rt = Et[�t+1uc;t+1�
�1
t+1]=[Et

�
Rmt+1

��1
�t+1uc;t+1�

�1
t+1]; (49)

�t=R
D
t = �Et[(�t+1uc;t+1 + (1� �)�t+1)=�t+1]; (50)

1 = �Et
��
Rqt+1=�t+1

�
(�t+1=�t)

�
; (51)

1=RLt = Et
�
1=RISt+1

�
; (52)
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RAt = RLt : (53)

To identify the e¢ cient output level eyt, one has to jointly solve for the sequences

feyt; ent;ect;ekt; ext; eqtg1t=0 satisfying �en1+�nt = euct�eyt; eyt = en�t ek1��t�1 , eyt = ect +ext; ekt = (1� �)ekt�1 + ext� (ext=ext�1), 1 = eqt [� (ext=ext�1) + (ext=ext�1) �0 (ext=ext�1)] �
Et�

h
�t+1euc;t+1(�teuc;t)�1eqt+1 (ext+1=ext)2 �0 (ext+1=ext)i ; and eqt = �Et[�t+1euc;t+1(�teuc;t)�1((1�

�)(eyt+1=ekt) + (1� �) eqt+1)], where euc;t = (ect� hect�1)�� given f�tg1t=0, ex�1 > 0, and ek�1 > 0.
If the money supply constraint (8) is not binding, which would be the case when the

policy rate equals the marginal rate of intertemporal substitution, Rmt = RISt (see 17), the

model as given in De�nition 1 can be reduced to a conventional sticky price model with

capital accumulation and a cash-in-advance constraint, where Ricardian equivalence holds

and money holdings can separately be determined by (30) and (32) if RISt > 1.

De�nition 2 A rational expectations equilibrium (REE) under a non-binding money supply
constraint (8) is a set of sequences fct, yt, nt, xt, kt, wt, qt, �t, mct, Z1;t, Z2;t, Zt, st, �t,
RISt g1t=0 satisfying RISt = Rmt , (35)-(48), the transversality conditions, a monetary policy
fRmt � 1g1t=0, � � �, and a �scal policy fgt,�nt g1t=0, for given sequences f�tg1t=0 and feytg1t=0
and initial values k�1 > 0, x�1 > 0, and s�1 � 1.

Note that the model summarized in De�nition 2 is identical to a textbook New Keynesian

model with capital accumulation (and without the cash-credit good friction) when the policy

rate Rmt and, thus, R
IS
t are at the zero lower bound, such that the cash-in-advance constraint

becomes irrelevant.

C Appendix to the simpli�ed version

In this Appendix, we simplify the model by restricting the parameter values to h = �R;y;g;� =

0, � = � = � = 1, and 
 ! 1. We further assume that the mean policy rate and the
in�ation target are set at Rm < �=�, such that the money supply constraint (8) is binding

in the steady state (see 17) and in its neighborhood. Shocks are assumed to be su¢ ciently

small to stay in the neighborhood of this steady state and to ensure that the policy rate does

not hit the ZLB.

De�nition 3 For h = �R;y;g;� = 0, � = � = � = 1, Rm < �=�, 
!1, and a slack ZLB, a
REE is a set of sequences fct, yt, nt, wt, mR

t , bt, mct, Z1;t, Z2;t, Zt, st, �t, R
IS
t g1t=0 satisfying

(35)-(36), (41)-(45), ct = mR
t , bt�1= (R

m
t �t) = mR

t , wt = mct; yt = nt=st; bt = bt�1=�t,
yt = ct + gt; and the transversality conditions, a monetary policy Rmt =R

m = (�t=�)
�� , and a

�scal policy fgt,�nt g1t=0, for given sequences f�tg1t=0 and feytg1t=0 and initial values B�1 > 0,
and s�1 � 1.

We apply a log-linear approximation of the equilibrium conditions given in De�nition 3, in

the neighborhood of a steady state (with Rm < �=�). Then, (41)-(43) are well-known to
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reduce to b�t = �Etb�t+1 + �cmct, where � = (1 � �)(1 � ��)=�, while Z1;t, Z2;t, Zt, and

st become irrelevant. Further substituting out byt, bnt, bmR
t , cmct, and bwt, the log-linearized

version of the equilibrium conditions can be reduced to a system in b�t, bct, and bbt satisfying,
�1Etb�t+1 + �3bbt + �2bct= b�t � ���b�t + �gbgt + ��b�nt � ; (54)

bct=bbt�1 � (1 + ��)b�t; (55)bbt=bbt�1 � b�t; (56)

where �1 = (� + � (1� �)� ����) R 0, �2 = ��nc=(c + g) > 0, �3 = �� > 0, �� =

�
�
1� ��

�
> 0, �g = ��ng=(c + g) > 0 and �� = � �n

1��n > 0, while one can separately solve

for bRmt and bRISt with bRmt = ��b�t and bRISt = �Etbct+1 � �bct + Etb�t+1 + b�t � Etb�t+1.
Proof of proposition 1. To establish the claims made in the proposition, we further

simplify the system (54)-(56) by eliminating bct with (55) in (54)
�1Etb�t+1 + (�3 + �2)bbt = (1 + �2��)b�t � ���b�t + �gbgt + ��b�nt � ; (57)

and rewriting (56) and (57) in matrix form

 
�1 �3 + �2

0 1

! 
Etb�t+1bbt

!
=

 
1 + �2�� 0

�1 1

! b�tbbt�1
!
+

 
��� ��g ���
0 0 0

!0BB@
b�tbgtb�nt
1CCA :

The characteristic polynomial of

A =

 
�1 �3 + �2

0 1

!�1 
1 + �2�� 0

�1 1

!
(58)

is given by

F (X) = X2 � �1 + �2 + �3 + ���2 + 1

�1
X +

���2 + 1

�1
:

Given that there is one backward-looking variable and one forward-looking variable, stability

and uniqueness require F (X) to be characterized by one stable and one unstable root. At

X = 0, the sign of F (X) equals the sign of �1, F (0) = (���2 + 1) =�1, while F (X) exhibits

the opposite sign at X = 1 : F (1) = � 1
�1
(�2 + �3). Consider �rst the case where �1 =

� + � (1� �)� ���� > 0,
�� <

�

��
+
1� �
�

: (59)

Given that � � 1 and � < 1; we know that �1 is then strictly smaller than one. Hence,

F (1) < 0 and F (0) > 1, which implies that exactly one root is unstable and the stable root

is strictly positive. Now consider the second case where �1 = � + � (1� �) � ���� < 0 ,
�� >

�+�(1��)
�� , such that F (1) > 0 and F (0) < 0. We then know that there is at least one

stable root between zero and one. To establish a condition which ensures that there is exactly

36



one stable root, we further use F (�1) = [2 (1 + �1) + �3 + (2�� + 1) �2]=�1. Rewriting the

numerator with �1 = � + � (1� �)� ����, �2 = ��nc=(c+ g) and �3 = ��, the condition

2 (1 + � + � (1� �)� ����) + �3 + (2�� + 1) �2 > 0 (60)

ensures that F (0) and F (�1) exhibit the same sign implying that there is no stable root
between zero and minus one. We now use that (60) holds, if but not only if

�� �
1 + �

��
+
1� �
�

; (61)

where the RHS of (61) is strictly larger than the RHS of (59). Hence, (61) is su¢ cient for

local equilibrium determinacy, which establishes the claim made in the proposition.

Proof of proposition 2. Consider the set of equilibrium conditions (54)-(56). We aim

at identifying the impact responses to �scal policy shocks. For this, we assume that (61) is

satis�ed, which ensures existence and uniqueness of a locally stable solution. We therefore

apply the following solution form for the system (54)-(56)

b�t= �bbbt�1 + �gbgt + ��b� t + ��b�t; (62)bbt= bbbt�1 + bgbgt + b�b� t + b�b�t; (63)

bct= cbbbt�1 + cgbgt + c�b� t + c�b�t: (64)

In what follows, we identify the undetermined coe¢ cients for in (62)-(64) that are associated

with �scal policy shocks. Substituting out the endogenous variables in (54)-(56) with generic

solutions in (62)-(64), leads to the following conditions for �b, cb, �b, cg, �g, bg, c� ,

�� , and b� :

�b= �1�bb + �3b + �2cb, 1 = (1 + ��) �b + cb, 1 = b + �b; (65)

��2cg = (�1�b + �3) bg � �g + �g; � cg = (1 + ��) �g, bg = ��g; (66)

��2c� = (�1�b + �3) b� � �� + �� , � c� = (1 + ��) �� , b� = ��� : (67)

Using the three conditions in (65) and substituting out �b with �b = 1 � b, gives 0 =

(�1b � 1) (1� b) + �3b+ �2cb, 1 = (1 + ��) (1� b) + cb, and eliminating cb with cb =
1�(1 + ��) (1� b), leads to 0 = (�1b � 1) (1� b)+�3b+�2 (1� (1 + ��) (1� b)), which
is a quadratic equation in b;

2b � (�1 + �3 + �2 (�� + 1) + 1) b��11 + (���2 + 1) �
�1
1 = 0: (68)

Note that the polynomial in (68) is the characteristic polynomial of A (see 58). Hence, under

(61) there exists exactly one stable and positive solution (see proof of proposition 1), which is

assigned to b 2 (0; 1). We can then use cb = 1� (1 + ��) (1� b) and �b = 1� b > 0, to
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identify the e¤ects of government expenditure shocks with the three conditions in (66). The

latter imply that the impact responses of in�ation and consumption exhibit di¤erent signs,

cg = � (1 + ��) �g, and after eliminating bg with bg = (1 + ��)�1 cg, lead to

cg = �
(1 + ��) �g

�1�b + �3 + 1 + (1 + ��) �2
: (69)

Using �1 = � + � (1� �)� ����, �2 = ��nc=(c+ g) > 0, and �3 = �� > 0, the term on the

RHS of (69) can be rewritten in a way that reveals an unambiguous sign of cg,

cg = �
(1 + ��) �g

(� + � (1� �)� ���) �b + �� + 1 + (1 + ��) �2
< 0;

for which we used �2 > 0 and � + � (1� �) � ���� + 1 > 0 (see 61), ensuring a strictly

positive denominator, and �g > 0. Now consider the three conditions in (67) to identify the

tax e¤ects and substitute out b� with b� = ��� and �� with �� = � (1 + ��)�1 c� ,
which leads to

c� = �
(1 + ��) ��

�1�b + �3 + 1 + (1 + ��) �2
: (70)

Given that the denominator on the RHS of (70) is identical to the one of cg, we can conclude

that consumption falls on impact in response to higher government spending and higher taxes,

while in�ation increases as �g = �cg (1 + ��)�1 > 0 and �� = � (1 + ��)�1 c� > 0.
Using these results, we can immediately identify the response of the nominal marginal

rate of intertemporal substitution, which in log-linearized form is given by bRISt = �Etbct+1 �
�bct+Etb�t+1+b�t�Etb�t+1. Applying the solution (62)-(64), we get the following expressions
for the impact e¤ects of �scal policy shocks

@ bRISt =@bgt=��cg + (�cb + �b) bg; (71)

@ bRISt =@b� t=��c� + (�cb + �b) b� : (72)

Using �b = 1� b, cb = 1� (1 + ��) (1� b), �g = �
cg
1+��

, bg =
cg
1+��

, �� = �
c�
1+��

, and

b� =
c�
1+��

, (71) and (72) can be rewritten as

@ bRISt =@bgt= [��� (1 + (1� b)) + (� � 1) (1� b)] �g � 0; (73)

@ bRISt =@b� t= [��� (1 + (1� b)) + (� � 1) (1� b)] �g � 0; (74)

indicating positive impact e¤ects of an increase in gt or � t on RISt . Using (73)-(74), bRmt =

��b�t, �g = �cg (1 + ��)�1 > 0 and �� = � (1 + ��)�1 c� > 0, further shows that the

spread bRISt � bRmt also increases in response to positive gt or � t shocks:

@( bRISt � bRmt )=@bgt= [��� (1� b) + (� � 1) (1� b + ��)] �g � 0;
@( bRISt � bRmt )=@b� t= [��� (1� b) + (� � 1) (1� b + ��)] �g � 0;
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which establishes the claims made in the proposition.

D Additional model evaluations
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