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1 Introduction18

It has been over ten years since the U.S. Federal Reserve (Fed) initiated a colossal expansion of19

its balance sheet; the largest since the Great Depression. The 2008 financial crisis compelled the20

Fed to start providing loans to the banking sector, which was suffering from a freeze of interbank21

lending. However, as banks recovered from the crisis the Fed did not shrink its balance sheet but22

instead expanded it further, buying up assets such as long-term government debt and mortgage-backed23

securities in large quantities. This was done in a bid to stimulate aggregate demand, which slumped24

during the Great Recession. Known as Quantitative Easing (QE), these interventions acted as a25

placeholder for conventional monetary policy, which had become powerless as the policy rate had26

hit the zero lower bound. Similar interventions took place in the UK and the Euro Area, as well as in27

Japan during the early 2000s.28

Since the Covid-19 crisis, central banks have started new rounds of QE. However, in doing so they29

receive little guidance from economic theory, as central bank balance sheet policies are ineffective in30

modern textbook models, such as the standard representative-agent New Keynesian (NK) model. This31

result is known as “Wallace Neutrality”, see Wallace (1981), and more recently Woodford (2012).132

However, when households face uninsurable income risk, in the presence of borrowing constraints and33

liquidity frictions, which is realistically the case, Wallace Neutrality breaks down and QE becomes a34

potential tool for monetary policy.35

This paper presents a Heterogeneous-Agents New Keynesian model with liquidity frictions to36

provide a better understanding of how household heterogeneity and incomplete markets affect the37

pass-through of liquidity policy to the real economy. In particular, we study the transmission channels38

of QE operating via household liquidity. Households can save in fully liquid assets, and also hold less39

liquid shares in mutual funds. We further allow for sticky prices. In this setting, QE can have powerful40

effects on aggregate demand by expanding household liquidity, but can also create strong side effects41

which may exacerbate inequality across households.42

In the model, asset purchases by the central bank change the composition of liquid versus less liq-43

uid assets held by the public (as well as the prices of these assets). This variation in asset composition44

shifts the aggregate demand for goods, and hence the real economy, since households have different45

propensities to consume out of different types of assets, due to the presence of liquidity frictions. The46

aggregate demand effect in turn feeds back into asset markets. We focus on liquidity policy at times47

when the nominal interest rates are constrained at zero, i.e. QE, and compare the macroeconomic and48

distributional effects of such policy to those of changes in nominal interest rates (the conventional49

policy lever in a standard New Keynesian model).50

More specifically, we model QE as a purchase of long-term debt by the central bank, financed51

1Woodford (2012) states two general conditions for the neutrality result to obtain (p. 62): “(i) the assets in question
are valued only for their pecuniary returns [..] (ii) all investors can purchase arbitrary quantities of the same assets at the
same (market) prices, with no binding constraints on the positions.”
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by the issuance of reserves.2 On the sell side of the transaction are mutual funds, who receive newly52

created deposits in exchange for the long-term debt being sold.3 They, however, derive little value53

from liquidity and immediately trade in the deposits for newly issued debt, which offers a higher yield54

than deposits. This response pushes up the price of long-term debt, i.e., the long-term real interest55

rate falls. The lower cost of long-term borrowing in turn induces households to hold more liquidity.456

Hence, the newly created deposits end up in the hands of households, who value liquidity for self-57

insurance purposes. Because households have high Marginal Propensities to Consume (MPCs) out of58

liquid wealth, the additional liquidity boosts aggregate spending on goods, which increases aggregate59

output.60

We first present a simple formula which captures the essence of the QE transmission mechanism in61

the model and which can be used for back-of-the-envelope calculations. The key insight conveyed by62

this formula is that the direct effect of QE depends on the difference between the MPCs out of deposits63

and less liquid sources of wealth. Empirical estimates in the literature suggest that the gap between64

these two MPCs is significant. An increase in household liquidity may therefore boost aggregate65

demand substantially. In Section 2, we will discuss in more detail how QE leads to the creation of66

deposits, and how this liquidity can end up in the hands of households.67

Sections 3 and 4 present the quantitative model. We evaluate the model’s implications for con-68

sumption at the micro level and show that it generates a large gap in MPCs out of liquid and less69

liquid wealth, in line with empirical studies. A subset of the parameters is estimated by Maximum70

Likelihood, using the data on household deposits, as well as other macroeconomic time series. With71

the parametrized model at hand, we evaluate the macroeconomic and distributional effects of QE.72

Our first main finding is that QE can have strong stimulative effects on the aggregate, by expanding73

the amount of liquidity available to households. In particular, we find that QE had a large and positive74

impact on output and inflation during the Great Recession, preventing a much deeper downturn. This75

result follows from a counterfactual simulation in which we shut down QE interventions. The exercise76

also reveals that the effects of QE during its first round were stronger than during the second and the77

third rounds.78

These results underscore the importance of liquidity in an incomplete-markets world. Most79

work in New Keynesian economics (including most work with financial frictions) abstracts from80

money/liquid assets altogether. With a representative agent the presence of liquidity tends to have81

very limited implications for policy transmission (see, e.g., the textbook treatments in Woodford82

2We will show that the long-term debt can be interpreted either as government debt or household debt.
3Deposit creation is necessarily triggered because mutual funds –unlike banks– cannot directly hold reserves at the

central bank. In the U.S., only a small fraction of the QE assets were purchased from banks, see Section 2 for more
discussion and for empirical evidence.

4In the baseline model, the long-term debt is issued by the government. An increase in the price of debt then allows
the government to cut taxes, which allows households to purchase more liquid assets. However, we show that the same
outcomes are obtained when the long-term debt is instead issued by households. Moreover, we conduct several robustness
checks regarding assumptions on the fiscal policy response to QE.
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(2003) and Galí (2008)). A key point of our paper is that, once household heterogeneity and incom-83

plete markets are integrated into the economy, liquidity emerges as a quantitatively powerful lever of84

monetary policy.85

A second main finding is that changes in aggregate liquidity, as engineered by QE operations, have86

much stronger distributional effects than changes in nominal interest rates. We arrive at this result by87

comparing the effects of QE expansions to those of a “conventional” cut in interest rates (without88

liquidity effects). For a similar macroeconomic expansion, the redistributive effects of QE are much89

greater. Our results suggest that expansionary QE policy reduces consumption/income inequality90

initially but increases inequality later on, primarily via a growing discrepancy in wealth accumulation91

across agents. This is in contrast to a cut in the policy rate, which has similar aggregate effects but92

persistently reduces inequality, as found empirically by Coibion et al. (2017).93

In the comparison between QE and interest rate policy, we abstract from the liquidity effects of94

the latter, which in reality is often implemented via Open Market Operations (OMO) as well. We95

do so in order to maximally contrast the liquidity channel and the interest rate channel. But we do96

acknowledge that, realistically, conventional policy implemented via OMO may also create liquidity97

effects. However, the liquidity effects of conventional policy are likely smaller than those of QE (for98

the same quantity of purchases). This may be the case because conventional OMO typically involves a99

swap of reserves/money for short-term government bonds.5 To the extent that short-term government100

debt is closer to reserves in terms of liquidity than long-term debt, the effects of conventional policy101

via OMO on liquidity and on forward-looking asset price/interest rates are smaller than those of QE.102

Another important difference is that under QE, nominal interest rates are typically at the lower bound,103

and hence the endogenous stabilizing force of systematic interest rate policy no longer applies.104

We conduct a number of robustness checks, regarding assumptions on fiscal policy and the be-105

havior of mutual funds. Section 5 introduces capital, which we abstract from in the baseline model106

in order to highlight the key transmission channel. The key channel in the baseline model works107

through household consumption, and to allow for a better comparison with smaller-scale New Keyne-108

sian models which often abstract from capital. However, investment is also considered to be a crucial109

component of the transmission of QE, and it is therefore important to investigate how its introduction110

affects the transmission of QE in the model.111

We find that the effect of a QE expansion on output is similar to that in the baseline without capital.112

However, the increase in output is now driven by both consumption and investment. Intuitively,113

the boom in investment is driven both by direct channels, as investors replace government bonds114

by capital investment, and indirect equilibrium channels, as the increase in aggregate consumption115

demand triggers an increase in goods demand, and hence investment demand.116

Finally, the technical aspects of this paper may be of independent interest. In particular, we show117

5For example, before 2008, more than 50% of Treasury securities held by the Federal Reserve had maturities less than
1 year. During the QE periods, almost all of these were replaced by securities with maturities of at least 5 years.
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how to keep track of the distribution of liquid wealth in a parsimonious yet accurate way, exploit-118

ing the fact that households’ holdings of deposits are low in the data. We then exploit the model’s119

tractability to devise a fast solution method so that the model can be estimated via a standard Maxi-120

mum Likelihood procedure and can be used to assess the effects of QE.121

Related literature. We contribute to a fast-growing literature which explores various, mostly com-122

plementary channels via which QE could affect inflation and the real economy. The literature has123

studied the transmission of QE via bank lending to firms, mortgages, portfolio rebalancing, stock124

markets, exchange rates, signalling of future policy, which are not mutually exclusive and may all be125

important in reality. Our model is not designed to (fully) capture all of these channels. Instead, our126

aim is specifically to understand how households facing uninsurable idiosyncratic risks because of127

incomplete markets can affect the transmission of QE.128

A number of authors have studied QE in a representative-agent Dynamic Stochastic General Equi-129

librium (DSGE) model. Chen, Curdia and Ferrero (2012) analyze QE in a medium-scale DSGE model130

with segmented asset markets. They find that QE only has small effects. Large effects are found by131

Del Negro, Egertsson, Ferrero and Kiyotaki (2017), who develop a quantitative model to evaluate the132

effects of liquidity provisions during the financial crisis. In their model, liquidity interventions ease133

financial constraints on the production side of the economy. A similar channel operates in Gertler and134

Karadi (2012). Wen (2014) studies the QE exiting strategy and the impact on firms. By contrast, we135

focus on the role of QE as a direct instrument to manage aggregate demand, which has been used well136

beyond the financial crisis. Campbell (2014) considers the implications of QE for the occurrence of137

liquidity traps, whereas Harrison (2017) studies optimal QE policy in a representative-agent model138

with portfolio adjustment costs. Finally, Sims and Wu (2021) study a DSGE model in which QE stim-139

ulates economic activity by relaxing leverage constraints faced by financial intermediaries, a channel140

we abstract from.141

We view our contribution as complementary to these studies, as we study channels created by142

incomplete markets on the household side.6 Our findings underscore the importance of liquidity for143

macroeconomic outcomes. Under incomplete markets, liquidity and aggregate demand are closely144

linked, which enables the central bank to exercise control over aggregate demand via liquidity man-145

agement, even when the nominal policy rate is fixed. We further emphasize that unconventional146

monetary policy has distributional effects under incomplete markets. Empirically, the existence of147

conventional monetary policy’s distributional effects is well established, see e.g. Doepke and Schnei-148

der (2006).149

The emphasis on liquidity connects our work to the search models following Lagos and Wright150

(2005), which typically imply a degenerate distribution of liquidity. Recent contributions by Ro-151

6It would be interesting to explore how this incomplete-markets channel interacts with other channels proposed in the
literature, although this is beyond the scope of the present paper.
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cheteau, Weill and Wong (2019) study the interaction between (non-degenerate) distributions of liquid152

asset holdings and labor income in this type of models. We instead use a heterogeneous-agents model153

in the Bewley-Huggett-Aiyagari tradition and analyze liquidity provision policy via the central bank’s154

balance sheet. By adding nominal rigidities, we allow for a quantitative comparison to conventional155

interest rate channels studied in the New Keynesian literature.7156

The neutrality of central bank balance-sheet policies in complete-markets models was originally157

established by Wallace (1981), and reiterated more recently by Woodford (2012). The underlying the-158

oretical argument is a variation on the Modigliani-Miller and is related to the Ricardian Equivalence,159

cf. Barro (1974). Perhaps in part because of this neutrality result, much of the recent NK literature160

on unconventional monetary policy has focused on Forward Guidance rather than on QE, see e.g. Del161

Negro, Giannoni and Patterson (2012) and McKay, Nakamura and Steinsson (2016).162

The importance of household liquidity for monetary policy is emphasized by Bilbiie and Ragot163

(2016). They show that liquidity frictions change the output-inflation trade-off, as inflation affects the164

extent to which households can self-insure using nominal assets. Cui (2016) studies monetary-fiscal165

interactions in a model in which the liquidity of different asset classes differs endogenously, but with-166

out QE. Caballero and Farhi (2017) consider monetary policy –including QE– in a model with safe167

and risky assets and heterogeneity in risk tolerance. Finally, Ray (2018) introduces segmented mar-168

kets and “preferred habitats” to representative-household NK model, creating a disconnect between169

long and short rates. While our model also features such a disconnect, household heterogeneity takes170

center stage in the transmission of QE in our model.171

Our results further highlight the quantitative importance of interactions between nominal rigidities172

and market incompleteness in the transmission of QE. A number of recent papers have studied such173

interactions in the context of conventional monetary policy, see e.g. Gornemann, Kuester and Naka-174

jima (2016), Auclert (2016), Luetticke (2015), Ravn and Sterk (2016), Kaplan, Moll and Violante175

(2017), Debortoli and Galí (2017), and Hagedorn, Luo, Mitman and Manovskii (2017).176

Finally, various authors have studied the empirical effects of large-scale asset purchases, generally177

finding evidence for expansionary macro effects. For example, Weale and Wieladek (2016) find that178

in the U.S., an asset purchase of 1% of annual GDP leads to an increase in real GDP of 0.58% and an179

increase in inflation of 0.62%. Our model generates similar quantitative results. Di Maggio, Kermani180

and Palmer (2016) use data on mortgage origination to provide evidence that QE stimulated aggregate181

consumption substantially. A survey of the broader literature on this topic can be found in Bhattarai182

and Neely (2016).183

7Heterogeneity also plays a role in Sterk and Tenreyro (2018), who study the distributional effects of open-market
operations in a flexible-price model.
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2 A first glance at the macroeconomic effects of increased house-184

hold liquidity185

Before presenting the full model, we provide a more detailed empirical account of the transmission186

of Quantitative Easing to households in the United States, in light of the model to be described in the187

next section. Figure 1 shows the evolution of reserves at the Fed, the aggregate amount of checkable188

deposits, and the amount of deposits/currency held by households and non-profits. As large-scale189

asset purchases began, all three series increased sharply. This strongly suggests that QE triggered the190

creation of additional deposits, which in large part ended up being held by households. In Appendix191

A, we further draw a comparison between the Flow of Funds data shown in Figure 1 and data from192

the Survey of Consumer Finances, both of which exhibit a similar pattern since 2009. There, we also193

provide supporting empirical evidence based on a local projection exercise.194

Figure 1: Reserves and deposits in the US
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2.1 Transmission of liquidity195

The role of banks. Banks played an important intermediary role in the transmission of QE, for at196

least two reasons. First, only banks can hold reserves at the Federal Reserve and create deposits.197

Second, when purchasing assets the Fed trades with primary dealers, which are typically banks.198

However, these facts do not imply that banks were the owners of the assets that were purchased199

under QE. Indeed, banks played only a modest role as sellers of assets to the Fed. This is shown by200

for instance Carpenter, Demiralp, Ihrig and Klee (2015), who investigate in detail which investors201
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the Fed purchased from. They show that during the two decades prior to QE, banks held only about202

7% of the total amount of treasury debt and mortgage-backed securities. They also provide more203

formal econometric analysis implying only a minor role for banks. Indeed, the Fed could not even204

have purchased the QE assets exclusively from banks. Flow of Funds data show that at the start of205

QE, commercial banks held about $1.2 trillion worth of treasury debt and MBS. While this number206

may seem large, it is less than half of the total value of assets that were purchased under QE: Figure207

1 shows that the increase in reserves following QE was about $2.5 trillion.208

The role of mutual funds and other non-bank entities. Using Flow of Funds data, Carpenter et209

al. (2015) report that the major sellers of assets to the Fed during QE were household-held mutual210

funds, pension funds, broker-dealers, and insurance companies. Importantly, none of these entities211

has the ability to hold reserves at the Federal Reserve, which implies that QE purchases from these212

entities must have led to deposit creation through banks.213

To understand this point, consider a mutual fund which sells $100 million worth of assets to the214

Fed. In turn, the Fed finances the purchase by issuing $100 million worth or reserves. Immediately215

after the sale, the fund will hold $100 million of additional deposits at a bank, which in turn balances216

this liability by holding $100 million of additional reserves at the Fed. The bank thus serves as a217

middleman who increases its deposit liabilities and reserve holdings by the same amount.218

Of course, the mutual fund may subsequently choose to offload the additional cash/deposits from219

its balance sheet, as cash offers a low return and the fund may have little use for extra liquidity. Indeed,220

empirical evidence shows that this is what happened following QE in the US. Goldstein, Witmer and221

Yang (2015) use micro-level data on the behavior of mutual funds following QE. They report that222

mutual funds did not increase their cash holdings following the asset sales to the Fed.223

The role of households and the fiscal authority. What did the mutual funds do with the additional224

liquidity and how did it end up in the hands of households? One possibility is that, following QE,225

there was a direct net outflow of cash from the mutual funds, which happens when the funds increase226

dividends to households, when raise less new investment from households, or when households take227

wealth out of the funds. The empirical importance of this channel seems rather limited, however, as228

outflows from mutual funds who sold assets to the Fed were only moderate, see e.g., Goldstein et al.229

(2015).8 They show that, instead, mutual funds mainly replaced the assets sold to the Fed with newly230

issued government debt and/or MBS.231

Still, purchases of MBS can directly leave additional liquidity in the hands of households. For232

instance, Di Maggio, Kermani and Palmer (2016) show that QE led to an increase in new mortgage233

lending, a broader form of liquidity. In case of purchases of newly issued government debt, liquidity234

leaves the mutual fund sector via the government, which then uses it to lower taxes, to increase235

8They also find little evidence of a rebalancing towards other asset classes such as firm equity within mutual funds.
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transfers, and/or to purchase goods and services (and we will discuss these aspects in our model).236

Again, the newly created liquidity ultimately flows to households (and to some extent firms), although237

less directly.238

The role of asset prices. So far, our discussion on the empirical evidence has focused on the effect239

of QE on asset volumes. The empirical finance literature has extensively studied the effects of QE on240

asset prices often reporting substantial effects. For instance, Krishnamurthy and Vissing-Jorgenson241

(2011) find that QE1 and QE2 had significant negative effects on, respectively, MBS and Treasury242

yields. Thus, QE seems to have successfully increased the total demand for the assets being purchased.243

In our model, such positive asset price effects (represented by lower long-term interest rates) are244

an important component of the QE transmission mechanism through aggregate demand, as we will245

discuss detail in the next section.246

2.2 Macroeconomic effects247

While the effects of QE of asset markets can be studied by exploiting high-frequency movements248

around QE events, the macroeconomic effects are much more difficult to tease out empirically, if249

only because macro data are available at a much lower frequency than financial data. Therefore, our250

approach is to build a full-blown structural model. The model not only incorporates the immediate251

effects of QE on asset prices, but also feedback effects from asset prices on the macro economy.252

That said, it is possible to gauge some of the effects of QE on aggregate demand with a simple253

formula, which can be confronted with empirical evidence. To this end, let us postulate an aggregate254

consumption demand function C(L, I,Γ), where L denotes the (nominal) value of fully liquid assets255

held by households (e.g. deposits), and I denotes the value of their illiquid, or partially liquid assets256

(e.g. assets owned via mutual funds). The third argument, Γ, contains other relevant aspects of257

individual states and the overall economy, such as asset prices and wages, and is denoted by a scalar258

for simplicity. The (average) marginal propensities to consume out of liquid and illiquid wealth259

are given by the respective derivatives of the aggregate demand function, and will be denoted by260

MPCL ≡ CL(L, I,Γ) and MPCI ≡ CI(L, I,Γ).261

When the central bank conducts QE, it purchases I in exchange for L. The mechanics are the262

following. The central bank purchases long-term government debt from mutual funds (or financial263

institutions that hold government debt) by issuing reserves; the banks act as a pure middle man,264

sourcing the bonds from mutual funds in exchange for deposits, and then selling bonds to the central265

bank in exchange for reserves. Mutual funds have no use for the additional amount of liquidity,266

and are induced to offload the additional liquid assets from their balance sheets. They may do so267

either by paying dividends directly to households, by raising fewer new inflows from households,268

by purchasing new privately-issued assets such as mortgages and/or mortgages-back securities, or by269
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purchasing newly issued government debt which would allow for lower taxes or higher government270

spending. Either way, the liquid wealth from QE ultimately ends up in the hands of those agents who271

have a need for them, i.e. households, who use liquidity for self-insurance purposes.9272

Since these are all voluntary trades, QE does not directly change the total amount of wealth owned273

by households, i.e. any increase in L is matched by a decrease in I of the same magnitude. However,274

the intervention does affect the composition of wealth held by the public. Denoting the value of assets275

purchased under QE by ∆QE , the consumption function becomes C(L + ∆QE, I − ∆QE,Γ(∆QE)).276

By differentiating this function with respect to ∆QE , we obtain the following formula for the marginal277

effect of QE on aggregate demand:278

∂C

∂∆QE
= MPCL −MPCI︸ ︷︷ ︸

direct effect

+ GE︸︷︷︸,
indirect effect

where GE ≡ CΓ(L, I,Γ) ∂Γ
∂∆QE denotes the general equilibrium effect. This formula splits the effects279

of QE into “direct” and “indirect” GE effects, in the spirit of a decomposition proposed by Kaplan et280

al. (2017) for conventional monetary policy.10
281

The first term captures the direct effect. It is the difference between the MPCs out of liquid and282

illiquid wealth. Intuitively, QE directly triggers a liquidity transformation: it lowers households’283

illiquid wealth holdings, while increasing their liquid wealth. The direct effect of this transformation284

on consumption depends on the difference in the marginal propensities to consume out of the two285

types of wealth. The second term captures the indirect general equilibrium effects triggered by QE.286

Simple as it looks, the formula conveys a number of important insights. First, if the two types of287

wealth were equally liquid to households, as in many standard models, it would hold that MPCL =288

MPCI , other things equal. In this case, QE would have no direct effect on aggregate demand, echoing289

the neutrality result of Wallace (1981). Second, even in the extreme case in which MPCI = 0, QE290

only has large effects to the extent that the marginal propensity to consume out of liquid wealth,291

MPCL, is large. This point provides a way of understanding why for instance Chen et al. (2012) find292

that QE has small effects on the real economy, as it is well known that MPCs tend to be very small293

in representative-agent models. On the other hand, models with incomplete markets and borrowing294

constraints are well known to generate much higher MPCs out of liquid wealth. Moreover, when295

certain types of assets are subject to liquidity frictions, the MPCs out of these types of wealth tend to296

be small, even in incomplete-markets models.297

Finally, the indirect GE effects depend crucially on the structure of the economy and in particular298

on price stickiness. With flexible prices, an increase in aggregate consumption demand is typically299

9In the quantitative model, we will discuss the transmission of liquidity to households in more detail, which could go
via taxes and transfers if mutual funds purchase government debt.

10In the above formula, asset prices do not explicitly show up. However, they are implicit in ∆QE , which denotes
the change in the value of assets, i.e. the change in the price times quantity. In the full model, we will come back more
explicitly to asset prices.
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dampened by an increase in prices. With sticky prices, the increase in aggregate demand might be300

further amplified.301

Are strong direct effects of QE in line with the data, i.e. is the difference between MPCL and302

MPCI large? A substantial body of empirical studies has found MPCs out of fully liquid wealth to be303

very sizable. For example, Fagereng, Holm and Natvik (2018) estimate an average MPC of 63 percent304

in the first year, based on high-quality administrative data on Norwegian lottery participants.11 The305

literature on MPCs out of less liquid sources of wealth is less extensive, but generally reports much306

smaller MPCs. Di Maggio, Kermani and Majlesi (2020) use Swedish data to estimate MPCs out307

of changes in stock market wealth, and estimate these to lie between 5 and 14 percent, much below308

typical estimates for the MPCs out of fully liquid wealth. Moreover, they report that –among the same309

individuals– MPCs out of fully liquid dividend payments are much higher. The empirical evidence is310

thus consistent with sizable direct effects.311

Based on the above formula, we can obtain a back-of-the-envelope estimate for the direct effects of312

QE. This helps to get a sense of the quantitative importance of QE since the Great Recession. Between313

2007 and 2017, checkable deposits held by households and non-profit organizations increased from314

about 1.5 to 6.3 percent of annual GDP.12 Figure 1 suggests that this increase was largely driven by315

QE. Assuming MPCL = 0.63 following Fagereng et al. (2018) and MPCI = 0.095, the midpoint316

of estimates provided by Di Maggio et al. (2020), this implies a direct effect of (6.3− 1.5) · (0.63−317

0.095) = 2.57 percent of GDP.318

Thus, the data suggest that the direct effects of QE on GDP are substantial. However, the overall319

effect of QE depends also on the GE response to these direct effects, which includes the effects on320

goods and asset prices. We will use the model to evaluate the overall effect of QE.321

3 QE in an incomplete-markets model322

This section presents a fully-fledged general equilibrium model with incomplete markets and hetero-323

geneous agents who face borrowing constraints and who hold assets with different degrees of liquidity.324

We use the model to quantify the macro effects of QE and contrast them to the effects of conventional325

policy. QE is a purchase by the central bank of long-term debt held by mutual funds.13
326

3.1 The baseline model327

The economy is populated by households, firms, banks, mutual funds, a treasury, and a central bank.328

11Parker, Souleles, Johnson and McClelland (2013) report an average quarterly MPC between 50 and 90 percent for
the U.S. during the Great Recession. For more discussion on the empirical evidence, see Kaplan et al. (2017).

12The amount of checkable deposits and currency held by households and non-profits was $219 billions in 2007 and
$1,219 billions in 2017. Nominal GDP was $14,457 billions in 2007 and $19,485 billions in 2017.

13Later, the long-term debt can be interpreted either as issued by the fiscal authority or by households, or both.
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Households. There is a continuum of infinitely-lived, ex-ante identical households, indexed by i ∈329

[0, 1]. Household i’s preferences are represented by:330

E0

∞∑
t=0

βtU (Ct(i), Ht(i)) , (1)

where Ct(i) is a basket of goods consumed in period t, Ht(i) denotes hours worked supplied on a331

competitive labor market, and β ∈ (0, 1) is the subjective discount factor. Moreover, Et is the expec-332

tations operator conditional on information available in period t, and U (C,H) is a utility function333

which is increasing and concave in consumption and decreasing in hours. The consumption basket334

is given by Ct(i) ≡
∫ 1

0

(
Ct(i, j)

εt−1
εt dj

) εt
εt−1

, where Ct(i, j) denotes the household’s consumption335

of good j and εt > 1 is the exogenous elasticity of substitution between goods. Following the336

NK literature, variations in εt can be thought of as “cost push” shocks, since they affect mark-ups337

charged by firms. Household optimization implies that the price of the consumption basket is given338

by Pt =
∫ 1

0
(Pt(j)

1−εtdj)
1

1−εt , where Pt(j) is the price of good j.339

Households are subject to idiosyncratic unemployment risk. When unemployed, the household340

cannot supply labor, i.e. Ht(i) = 0, so it has no labor income. When employed, the household can341

freely choose the number of hours worked, earning a real wage rate wt per hour. Unemployed house-342

holds become employed with a probability pUE, whereas employed households become unemployed343

with a probability pEU . These transitions are exogenous and take place at the very end of each period.344

When unemployed, a household receives an unemployment benefit given by Θt(i) = ΘU ≥ 0. This345

benefit is provided by a government agency which runs a balanced budget by imposing a social in-346

surance contribution ΘE on the employed. That is, when employed the household receives a negative347

transfer given by Θt(i) = ΘE = − u
u−1

ΘU ≤ 0, where u = pEU/(pEU + pUE) is the unemployment348

rate.14
349

Households can hold deposits, denoted by Dt(i) in real terms, which pay a nominal interest rate350

and are fully liquid, in the sense that there are no transaction costs involved. Deposits provide house-351

holds with a means of self insurance against the idiosyncratic income risks associated with unem-352

ployment, helping them to cushion the decline in consumption when they lose their job. However,353

households must obey a borrowing constraint:354

Dt(i) ≥ D, (2)

where −D is a borrowing limit.15
355

14McKay and Reis (2016) provide an in-depth analysis of the stabilization role of social insurance in a NK model with
heterogeneous agents. We choose to simplify along this dimension.

15In our model, the borrowing constraint remains constant over time. Guerrieri and Lorenzoni (2017) study the effects
of shocks to borrowing limits.
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Households can also own shares in mutual funds, which may generate higher returns but are less356

liquid. The evolution of a household’s mutual-fund wealth, denoted At(i), is given by:357

At(i) = (1 + rAt )At−1(i)−Xt(i) , (3)

where rAt is the real return on the funds, Xt(i) is a withdrawal by the household from the funds. For358

simplicity, we assume withdrawals vary only by employment status. Specifically, the withdrawals359

of the employed and unemployed are denoted by two constants, XE and XU , respectively. This360

simplified setup allows for some partial insurance from the illiquid asset to employment risk. In361

Appendix B.3, we show that this outcome can be micro-founded as the result of an adjustment cost,362

and our results are robust to alternative modeling of withdrawals (see Section 3.3 and Appendix D.1).363

Household i chooses Ct(i), Dt(i), and Ht(i) to maximize (1) subject to (2), (3), the restriction364

that it can only choose Ht(i) when employed, and a budget constraint specified in real terms as:365

Ct(i) +Dt(i) = wtHt(i) +
Rt−1

Πt

Dt−1(i) + Θt(i) +Xt(i)− Tt, (4)

where Rt−1 is the gross nominal interest rate on deposits from period t− 1 to period t, Πt = Pt/Pt−1366

is the corresponding gross rate of inflation, and Tt is a lump-sum tax levied to finance government367

expenditures other than benefits.368

Firms. Each consumption good is produced by a different firm. The structure of household prefer-369

ences implies that firms are monopolistically competitive in the goods market. Firms operate a linear370

technology using labor only, i.e. their output is given by Yt(j) = ZtHt(j). Here, Zt denotes Total371

Factor Productivity (TFP).372

Firms also face a quadratic cost of price adjustment following Rotemberg (1982), given in real373

terms by Adjt(j) = φ
2

(
Pt(j)−Pt−1(j)

Pt−1(j)

)2

Yt, where φ ≥ 0 is a parameter which governs the cost of price374

adjustment, and Yt =
∫ 1

0
Yt(j)dj denotes aggregate output. We will compare economies with φ = 0,375

a flexible price economy, and φ > 0, a sticky price economy.376

The dividends paid by firm j are given, in real terms, byDivt(j) = Pt(j)
Pt
Yt(j)−wtHt(j)−Adjt(j)377

where in equilibrium it holds that Pt(j) = Pt. Therefore, aggregate dividends satisfy378

Divt = Yt − wtHt − Adjt, (5)

where Adjt =
∫ 1

0
Adjt(j)dj = φ

2
(Πt − 1)2 Yt. Firms maximize the present value of profits subject to379

their production function and the household’s demand schedule, which leads to the following relation,380

commonly known as the New Keynesian Phillips Curve:381
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1− εt + εt
wt
Zt

= φ (Πt − 1) Πt − φEt
[
Λt,t+1

Yt+1

Yt
(Πt+1 − 1) Πt+1

]
, (6)

where Λt,t+1 is the stochastic discount factor used by the firms.16 We assume that the distribution of382

initial prices is the same across firms, so they behave symmetrically and we drop the index j from383

now on.384

Mutual funds. There is a representative mutual fund which owns shares in aggregate equity of the385

firms (St) as well as long-term treasury debt (Bm
t ). We model the latter following Woodford (2001).386

A unit of long-term debt pays ρs dollars in any period t+s+1 going forward, where 0 ≤ ρ < 1. Note387

that government debt is fully liquid to the mutual funds, as they do not face any trading frictions. The388

equities of the representative mutual fund are the mutual fund shares owned by the households.389

Let Xt ≡
∫ 1

0
Xt(i)di = (1 − u)XE + uXU be the total amount withdrawn by households from390

the mutual fund. The flow budget constraint of the mutual fund is given by:391

Xt = (1 + ρqBt )
Bm
t−1

Πt

− qBt Bm
t + qSt (St−1 − St) + St−1Divt, (7)

where Divt ≡
∫ 1

0
Divt(j)dj are aggregate dividends transferred from the firms to the fund, qBt is the392

price of government debt issued in period t, and qSt is the price of a firm equity share. The mutual393

fund allocates its budget over Bm
t and St, in order to maximize expected returns. This implies the394

following no-arbitrage relation:395

Et
[
qSt+1 +Divt+1

qSt

]
= Et

[(
1 + ρqBt+1

)
/Πt+1

qBt

]
. (8)

The aggregate volume of firm equity shares is normalized to St = 1. The realized rate of return of the396

mutual fund sector can then be expressed as:397

rAt =
(1 + ρqBt )Bm

t−1/Πt + qSt +Divt
qBt−1B

m
t−1 + qSt−1

− 1. (9)

Note that the mutual fund does not hold deposits on its balance sheets. In equilibrium, the return398

on deposits is dominated by the return on long-term government debt. The reason is that households399

value deposits for precautionary saving reasons, which drives down the real interest rate on deposits.400

Banks. There is a perfectly competitive banking sector. Banks can hold reserves at the central bank,401

denoted by Mt in real terms, which pay a nominal interest rate Rt, controlled by the central bank.402

16Since we will linearize the model around a zero-inflation steady state, the precise specification of the stochastic
discount factor is irrelevant for the results, as it drops out in the linearization.
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In order to fund these assets, banks must create liabilities, i.e. deposits. No-arbitrage implies that403

reserves and deposits carry the same nominal interest rate Rt. Banks therefore earn no profits in404

equilibrium. Consolidation of the balance sheet of the banking sector implies that:17
405

1∫
0

Dt(i)di = Mt. (10)

Treasury. Real government expenditures are exogenous and denoted by Gt. The treasury targets a406

constant real level of long-term debt, denoted by Bt = Bt+1 = B, during each period. The budget407

constraint of the treasury is given by:408

Gt = qBt B − (1 + ρqBt )
B

Πt

+ T cbt + Tt, (11)

where T cbt is a seigniorage transfer received from the central bank. Note that the lump-sum component409

of taxation (Tt) adjusts to balance the budget.410

Central bank. The central bank targets the (gross) nominal interest rate on reserves (Rt) and the411

real amount of reserves (Mt), depending on the policy regime. The budget constraint of the central412

bank, in real terms, is given by:413

T cbt +
Rt−1

Πt

Mt−1 + qBt B
cb
t = Mt + (1 + ρqBt )

Bcb
t−1

Πt

, (12)

where Bcb
t denotes the central bank’s holdings of long-term government debt.414

We consider two versions of the model, each with a different conduct of monetary policy. In the415

first version, the central bank conducts conventional interest rate policy. In this case, the central bank416

targets the interest rate on reserves according to the following rule:417

R̂t = R̂ρR
t−1Π̂t

ξRΠ Ŷ
ξRY
t zRt , (13)

where hats denote variables relative to their steady-state values: Ŷt ≡ Yt/Y , Π̂t ≡ Πt/Π, and R̂t ≡418

Rt/R (note: R, Π, and Y are the steady-state values of R, Π, and Y , respectively). In the above419

policy rule, ξRΠ and ξRΠ are stabilization coefficients which determine the response of monetary policy420

to fluctuations in output and inflation. ρR measures the persistence of interest rate policy changes, and421

zRt is an exogenous shock to the interest rate policy rule. Under conventional policy, the central bank422

17It would also be straightforward to allow the banking sector to create additional deposits without holding reserves.
However, this would not impact directly on our key mechanism, which requires QE to trigger the creation of additional
deposits, as strongly suggested by Figure 1.
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does not own any government debt (Bcb
t = 0) and the real amount of reserves (and hence aggregate423

deposits) is held at a constant level (Mt = M ).18
424

In the second version of the model, the central bank conducts QE rather than interest rate policy.425

When QE is used, the nominal interest rate is pegged at Rt = R, reflecting the reality that QE is426

typically used when the nominal interest rate cannot be moved. We further assume that if the central427

bank purchases government debt, it finances these purchases by issuing reserves:428

qBt B
cb
t − (1 + ρqBt )

Bcb
t−1

Πt

= Mt −
Rt−1

Πt

Mt−1. (14)

In this case, QE targets the total amount of reserves according to the following rule:19
429

M̂t = Π̂
ξQE
Π
t Ŷt

ξQE
Y zQEt , (15)

where M̂t = Mt/M is the amount of real reserves relative to the steady-state level and zQEt is an430

exogenous shock to the QE rule, akin to conventional monetary policy shocks often considered in431

the NK literature. We will study this shock to better understand the workings of QE. In the above432

rule, ξQEΠ and ξQEY are policy coefficients which are, respectively, the elasticities of real reserves with433

respect to inflation and output.434

An interesting special case of the QE rule sets both stabilization coefficients to zero, i.e. ξQEΠ =435

ξQEY = 0. In this case, monetary policy directly targets a certain level of real reserves given by436

Mt = MzQEt . We refer to this policy as Real Reserve Targeting (RRT). This policy implies that, in the437

absence of QE shocks, the level of real reserves is constant, and hence the nominal amount of reserves438

moves one for one with the price level; but unlike under conventional policy, Bcb
t is not constrained439

to be zero.440

3.2 Equilibrium441

The balance sheets of the various actors are summarized here (see also Table 3 in Appendix B)442

• households hold mutual fund shares (A) and deposits (D), and the sum is household equity443

(note that some households may be borrowing in liquid assets if we allow D < 0);444

• mutual funds hold firm shares (S) and long-term government bonds (Bm) and issue mutual fund445

shares (A);446

18We abstract from the zero lower bound on the net nominal interest rate (Rt − 1). However, we will assume that the
interest rate is pegged at zero in the model version with QE. Regarding QE policy, we similarly do not impose a lower
bound on Bcb

t , i.e. the central bank itself could in principle issue long-term debt.
19This rule can be reformulated as a rule for nominal reserves, being a function of the current and lagged price level,

and nominal output.
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• the fiscal authority has tax claims and issues long-term government bonds (B = Bm +Bcb);447

• the central bank may hold government debt (Bcb > 0) and issue real reserves M above M̄ ;448

• banks hold reserves (M ) and issue deposits (D);449

• firms earn profits and issue shares to mutual funds (S).450

Given laws of motion for the exogenous states {εt, Zt, Gt, z
QE
t } and government policies {B, Tt,451

Rt, Mt, Bcb
t , T cbt }, the competitive equilibrium is defined as a joint law of motion for households’452

choices {Ht(i), Ct(i), Dt(i), At(i)}i∈[0,1], mutual funds’ choices {Bm
t , St = 1}, aggregate quantities453

{Yt, Ht, Divt} and prices {Πt, wt, q
B
t , q

S
t , r

A
t }, such that ∀t,454

(i) Each household i ∈ [0, 1] maximizes (1) subject to the constraints (2), (3), and (4), with455

Ht(i) = 0 when he/she is unemployed;456

(ii) Firms in total produce Yt = ZtHt, pay out dividends according to (5), and set nominal prices457

such that the New Keynesian Phillips Curve (6) holds;458

(iii) The mutual fund’s budget constraint (7), and pricing conditions (8) and (9) hold, and the459

mutual fund’s assets equal its liabilities:460 ∫ 1

0

At(i)di = qBt B
m
t + qSt St.

(iv) The banks create deposits such that (10) holds;461

(v) The treasury’s and central bank’s budget constraints, (11) and (12), hold;462

(vi) The markets for deposits/reserves clear, i.e., equation (10) holds. Households’ expectations463

about the distribution of assets are consistent with the actual distribution. Also, the markets for long-464

term government debt and labor clear, i.e.,20
465

B = Bcb
t +Bm

t ;Ht =

∫ 1

0

Ht(i)di.

3.3 The transmission of QE in the model466

We highlight a few properties of the model which help to understand the transmission of QE to the467

real economy, via asset markets. We also discuss an alternative way of interpreting the model, as well468

as a possible extension of the model, which connects our analysis to some other channels studied in469

the literature (though not all).470

Let us first consider the effects of QE on asset markets, which depends on the response of mutual471

funds. Whenever a mutual fund receives deposits in exchange for long-term debt sold to the central472

bank, it will try to use these deposits to purchase other long-term debt. This response drives up473

20The goods market clearing is satisfied because of Walras law. To see this, we sum over all budget constraints from
individual households, the mutual fund, the treasury, and the central bank; then, we use the balance sheet of the banks and
the market clearing conditions for government debt and labor to reach Yt =

∫ 1

0
Ct(i)di+Gt + φ (Πt − 1)

2
Yt.
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the price of long-term debt, qBt , which implies a decline in the long-term interest rate and thus a474

stimulating effect. To see this more clearly, one can derive the following partial-equilibrium elasticity475

of qBt with respect to Bm
t :476

dqBt /q
B
t

dBm
t /B

m
t

=
1

ρ− 1
< 0,

and note that Bm
t declines as the fund sells long-term debt to the central bank, so that qBt increases.21

477

Now, consider the effect of the change in asset markets on the real economy. To this end, it is478

useful to aggregate the budget constraint of the treasury and the households:479

Ct +Gt +Dt = wtHt +Xt + qBt B − (1 + ρqBt )
B

Πt

+ T cbt +
Rt−1

Πt

Dt−1. (16)

From this constraint it can be seen that with inflation an increase in the price of debt, qBt , increases the480

available liquid budget as ρ < 1. Intuitively, the increase in qBt creates a redistribution of wealth from481

a sector which does not purchase physical goods (the mutual funds) to sectors that purchase goods482

(the government and/or households). Keeping government expenditures (Gt) fixed, households can483

use the additional budget to purchase or to hold more liquid assets. The additional liquidity in turn484

increases their willingness to spend on goods. Thus, the increase in the price of long-term asset is a485

crucial component in the transmission of QE to aggregate demand.22
486

While the baseline assumptions on taxation and mutual fund withdrawals may appear stringent,487

results are in fact identical under a range of fiscal and financial market arrangements, including ones488

in which the withdrawal Xt varies endogenously over time. We show this formally in Appendix B.4.489

To understand this result, it is useful to consolidate the budget constraints of mutual funds (7), the490

treasury (11), and the central bank (12). This consolidation leads to:491

Xt − Tt +Gt +
Rt−1

Πt

Mt−1 = Divt +Mt.

From this equation, it can be seen that QE has an impact on Xt − Tt, a liquid flow which enters492

directly into the households’ budget constraints. However, households care only about the net flow,493

as opposed to the financial flow Xt and the taxation flow Tt individually. Since Tt adjusts residually494

to satisfy the government budget constraint, different configurations for Xt yield identical results, as495

long as the gap XE
t −XU

t remains constant (so that for everyone the change in withdrawal is exactly496

offset by lump-sum taxes/transfers).497

The consolidated budget constraint (16) also allows for slight re-interpretation of the model. Once498

21This partial-equilibrium elasticity is derived by taking a first-order approximation of Equation (7) around a steady
state with zero inflation, keeping all variables other than qBt andBm

t unchanged. In general equilibrium, the mutual fund’s
demand for long-term debt is also affected by changes in Πt and Divt.

22Alternatively, the government might increase expenditures, in which case QE directly boosts aggregate demand for
goods. We later consider this possibility in the model.
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the households and the treasury are consolidated, it is irrelevant whether B represents household debt499

or treasury debt. The effects of QE are exactly the same, given a certain response of Gt, if any, to500

a QE intervention. Thus, while we have not explicitly modeled mortgage debt, the essence of the501

QE transmission channel does not depend on whether treasury debt or MBS are being purchased by502

the central bank. Related to this, the withdrawal Xt may be re-interpreted a change of household503

long-term debt position.504

Finally, note that the transmission of liquidity via an increase in the price of debt is accompanied505

by an increase in the value of the total stock of outstanding debt, qB. In Section 4.5, we discuss a506

version of the model in which the supply of B also moves. This is consistent with empirical evidence507

in Di Maggio et al. (2016), who show that Fed purchases of MBS led to an increase in the amount508

of mortgage debt extended to households. Alternatively, liquidity might be increased via a relaxation509

of borrowing constraints. Such constraints may move over time, for instance due to changes in house510

prices or via changes in regulatory policy, which we do not explore here.511

4 The aggregate and redistributive effects of QE512

We calibrate the model to the U.S. economy and set the length of a period to one quarter. We further513

normalize zQE = Z = 1 and will discuss the calibration of G and ε below. The model is computa-514

tionally tractable. We argue that this tractability preserves consistency with the micro data along key515

dimensions. In particular, there is a rich joint distribution of the two types of assets, which evolves516

endogenously over time.517

4.1 Characterizing the distribution of wealth518

The model is in principle computationally complex, as the economic state contains a time-varying519

joint distribution of liquid and partially liquid asset holdings. However, two insights allow us to520

reduce the complexity considerably, each of which may be of independent interest. To explain these,521

we anticipate a few elements of the calibration strategy.522

The distribution of partially liquid wealth. The model is consistent with any initial distribution523

of partially liquid wealth, including the one observed in the data, given that withdrawals are fixed524

(conditional upon employment status). The aggregate amount of illiquid wealth is uniquely pinned525

down, however. In Appendix B.2, we describe in more detail the characteristics of the illiquid wealth526

distribution.527

The distribution of liquid wealth. Having dealt with the distribution ofAt(i), we now show how to528

keep track of the distribution of liquid wealth, Dt(i), in a parsimonious way. To this end, we consider529
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a calibration in which the amount of liquidity in the steady state is not too large. In that case, those530

who become unemployed exhaust their deposits within the first quarter of unemployment, and thus531

hit the liquidity constraint.532

When calibrating the model to average deposit holdings in the US economy, this in fact turns out533

to be an outcome that is naturally obtained. Indeed, the deposit holdings of most US households do534

not exceed a few weeks of wage income, even among higher-income households.23 Also, we will535

argue that this calibration strategy generates MPCs that are close to the data.536

The fact that households hit the liquidity constraint upon job loss has some important conse-537

quences.24 It implies that all employed households with the same employment duration behave iden-538

tically, as do the newly unemployed with the same employment duration before job loss, and those539

who have been unemployed for more than one quarter.540

Figure 2: Decision rules (steady state).

0 0.02 0.04 0.06 0.08 0.1 0.12
0

0.02

0.04

0.06

0.08

0.1

0.12
Deposits

0 0.02 0.04 0.06 0.08 0.1 0.12
0.05

0.1

0.15

0.2

0.25

0.3
Consumption

employed for n quarters newly unemployed, after employment spell of n quarters unemployed for more than 1 quarter

n = 2

n = 1

n = 2
n = 3

n = 2

n = 3

n = 1

n = 2n = 1

n = 1

Notes: markers denote mass points of the liquid wealth distribution observed in the steady-state equilibrium. The black
dashed line is the 45-degree line.

We exploit this outcome to solve the model as easily as a typical medium-scale DSGE model541

with a representative agent. In particular, we group agents into cohorts, indexed by the length of542

the employment spell, denoted by n ≥ 0. The cohort with n = 0 were the unemployed, and the543

23In the data, a small fraction of households holds a large amount of deposits, for instance because they have set aside
deposits in anticipation of a large upcoming durable purchase. Such a cash holding motive is outside the scope of our
model. Moreover, Campbell and Hercowitz (2018) argue that even those households may have high MPCs out of liquid
wealth, which is key for the mechanism in our model.

24This property is also exploited for tractability by Krusell, Mukoyama and Smith (2011) and Ravn and Sterk (2017),
who assume zero aggregate liquidity, as well as by Challe and Ragot (2016) who assume that the employed are on a
locally linear segment of the utility function. In our model, there is positive aggregate liquidity and a globally concave
utility function.
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employed with n = 1 are the newly employed, who enter the period with zero deposits. Hence544

they make identical decisions. Notice that, employed agents moving into cohort n = 2 all start with545

the same level of deposits, denoted as DE
1 . Hence, all employed agents within cohort n = 1 make546

the same decisions, as those who become unemployed after an employment spell of n = 1 periods.547

Extending this logic, within any cohort n ≥ 1 a fraction pEU of the agents has become unemployed548

in the current quarter. They all behave identically and move out of the cohort in the next quarter. The549

remaining fraction of the cohort 1 − pEU remains employed. Again, they all behave identically and550

move on to become cohort n + 1 in the next quarter. Finally, turning to the unemployed households551

who were unemployed in quarter t− 1, we note that all behave identically as they have depleted their552

deposits.553

Figure 2 illustrates the steady-state choices of deposits and consumption of the different cohorts.554

Note that for larger values of the employment spell n, the levels of deposits and consumption con-555

verge. We use a total of N cohorts, and group all cohorts with n ≥ N into one bin. We thus only need556

to keep track of N state variables characterizing the wealth distribution. In our quantitative exercises,557

we set N = 75. The precise value of the cutoff N is quantitatively irrelevant as long as it is not too558

small. To appreciate this point, note that from Figure 2 it can be seen that the behavior of cohorts559

beyond n = 15 is almost indistinguishable.560

To solve the model out of the steady state, we apply a first-order perturbation method for dynamic561

analysis, using the popular Dynare software package. More details are provided in Appendix B.1.25
562

4.2 Calibration563

Table 1 presents the parameter values. More details are also provided in Appendix C.1 and Appendix564

C.2. We assume the following utility function:565

U (C,H) =
C1−σ − 1

1− σ
− κ0

1 + κ1

H1+κ1 ,

where σ > 0 is the coefficient of relative risk aversion, which we set equal to one (consistent with a566

balanced growth path). Moreover, κ1 > 0 is the inverse Frisch elasticity of labor supply, which is also567

set to one. Finally, κ0 > 0 is a parameter scaling the disutility of labor, which we calibrate such that568

employed workers on average supply H
E

= 1/3 units of labor in the steady state.569

We further calibrate the steady-state elasticity of substitution between goods as ε = 9, which im-570

plies a steady-state markup of 12.5 percent, and β = 0.99, which corresponds to an annual subjective571

25We keep track of N = 75 state variables characterizing the wealth distribution. However, we obtained almost
identical results with as little as N = 20. This is a much lower number than required by similar, perturbation-based
solution methods. For example, the popular method of Reiter (2009) typically requires hundreds of state variables to
obtain good accuracy. LeGrand and Ragot (2017) solve models by truncating idiosyncratic histories. In our application,
even with a truncation cutoff lowered to N = 20, this would still imply 220 state variables, i.e., more than a million.
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discount rate of 4.1 percent. We target an unemployment rate of u = 0.045 and an unemployment572

inflow rate of pEU = 0.044, corresponding to a monthly inflow rate of about 1.5 percent, as measured573

in the Current Population Survey. The implied unemployment outflow rate is pUE = 0.934. The un-574

employment benefit is targeted to be 25.5 percent of average wage income in the steady state, which575

implies that ΘU = 0.25 ε−1
ε
H
E

= 0.0756.26 The price adjustment cost parameter is set to φ = 47.1,576

which corresponds to an average price duration of three quarters in the Calvo equivalent of the model.577

To facilitate comparison of the two policies, we calibrate the model such that the steady states of578

the model version with QE and the version with conventional policy coincide. Specifically, we assume579

that in both cases the central bank targets zero inflation in the steady state, i.e. Π = 1. The implied580

nominal steady-state interest rate is R = 1.27 We further set ρ = 0.947, which implies a duration of581

government debt, given by 1
1−βρ , of four years. The borrowing limit, −D, is set to zero.28

582

The steady-state values of government expenditures, deposits, and government debt, i.e., G and B583

are chosen to hit the following targets. We target a ratio of government expenditures to output of 21.88584

percent, in line with national accounts data, and a deposit-to-annual-output ratio of 8.04 percent, in585

line with data from the Flow Of Funds (FoF) accounts for households and non-profits. These are586

sample averages between 1985Q1 and 2008Q2 before QE. The real return of long-term government587

debt (and firm equity) is targeted to be 4.1% annually.29 Our model then implies a ratio of the value588

of government debt to annual output, i.e. qB

4Y
of 66 percent, in line with the data before the financial589

crisis.590

The parameters pinning down the illiquid wealth withdrawals for the employed and the unem-591

ployed, XE and XU , are calibrated as follows. We target the median amount of transaction accounts592

(i.e. deposits in the model) held by a household with median income, as a fraction of (pre-tax) me-593

dian income. This ratio is about 26 percent in the SCF, averaged over the years 1989-2016, which is594

slightly less than $4,000.30
595

Finally, we assume that each of the stochastic driving forces z ∈ {ε, Z,G, zQE} follows an inde-596

pendent process of the form ln zt = (1− λz) ln z + λz ln zt−1 + νzt . Here, λz ∈ [0, 1) is a persistence597

26Statutory benefits are typically around 40 percent of labor income. However, the actual amount received by house-
holds is much lower due to limited eligibility and take-up. Chodorow-Reich and Karabarbounis (2016) argue that taking
into account all these factors reduces the benefit to around 6 percent of income. Our calibration strikes a balance between
their number and the statutory rate.

27Note that in the version with conventional policy, we abstract from the Zero Lower Bound (ZLB) on the nominal in-
terest rate. In our comparison exercises, we thus ask whether QE is more or less effective than a hypothetical conventional
policy that would not be subject to the ZLB. Alternatively, we could have calibrated the model version with conventional
policy to be away from the ZLB, but this would make a clear comparison more difficult since the steady states of the two
model versions would be different.

28We have solved a model with a positive borrowing limit. We obtained very similar results to our baseline, since we
target the same steady-state real interest rate. Details of this version are available upon requests.

29This means that the economy is identical when we allow mutual fund managers to price assets (with the discount
factor β) in different versions of the framework (including the one with capital).

30Note that our strategy is conservative. Guerrieri and Lorenzoni (2017) use 2001 SCF and the median asset holdings
is $2,726. If we target the smaller amount of liquid assets, our tractability will be further strengthened, since unemployed
agents are even more constrained.
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Table 1: Parameter values and steady-state targets.

Parameter Description Value Notes / Targets

β subjective discount factor 0.9900 subjective annual discount rate: 4%
σ coefficient of relative risk aversion 1.0000 convention
κ0 labor disutility parameter 10.607 average labor supply employed: 1/3
κ1 inverse Frisch elasticity 1.0000 convention
pEU unemployment inflow rate 0.0440 monthly rate: 1.5% (CPS)
pUE unemployment outflow rate 0.9340 steady-state unemployment rate: 4.5%
ΘU unemployment benefit 0.0756 benefit 25.5% of avg. real wage
XE net mutual fund withdrawal: employed 0.0416 real interest rate: 0%
XU net mutual fund withdrawal: unemployed 0.0918 median holdings liquid wealth (SCF), see text
−D borrowing limit 0 see text
ε̄ elasticity of substitution varieties 9 markup: 12.5%
φ price adjustment cost parameter 47.0589 average price duration: 3 quarters
G real government expenditures 0.0697 expenditures-to-output: 21.88%
ρ decay government debt 0.9470 duration of government debt: 4 years
B supply of government debt 0.0530 annualized net real return: 4.1%
D = M steady-state deposits (=reserves) 0.1024 deposits-to-annual-output (FoF): 8.04%
Π long-run inflation target 1.0000 net inflation rate: 0%

parameter and νzt is an i.i.d. innovation, drawn from a Normal distribution with mean zero and a598

standard deviation given by σz ≥ 0. We will discuss their values below.599

4.3 Model implications for micro-level consumption600

We now explore the implications of the calibration for micro-level consumption behavior, and in601

particular for the gap in Marginal Propensities to Consume (MPCs) out of liquid and illiquid (partially602

liquid) wealth. This is important since the simple formula presented in Section 2 makes clear that this603

gap is a key determinant of the power of QE. We evaluate MPCs at different horizons, the importance604

of which has been emphasized by Auclert et al. (2018).605

Figure 3 shows the average MPC gap, cumulated over time in both the model and the data, where606

the latter is computed based on estimates by Fagereng et al. (2018) and Di Maggio et al. (2020).607

The gap in the model is large and increases over time. Because of labor supply effects, it does not608

converge to one. Relative to the data, the model initially somewhat undershoots, whereas for medium-609

run horizons there is some overshooting. At longer horizons, the MPC gap in the model and the data is610

very similar. Given that this MPC gap and its dynamic shape have not been targeted in the calibration611

procedure, we conclude that overall the model does a reasonable job in accounting for this key piece612

of empirical evidence.613

One might also wonder about the ability of households to smooth consumption in the face of614
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Figure 3: Gap in Marginal Propensities to Consume out of liquid and illiquid wealth.
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Notes: the figure shows the cumulative average MPCs across households. In the model, MPCs are computed as the
response to a one-time surprise increase in additional wealth in deposits / mutual funds, keeping all prices constant. The
range shown for “data” is computed as the dynamic MPC function for liquid assets provided by Fagereng et al (2018),
minus a range of estimates for the MPC out of stock mutual funds in Table 3 of Di Maggio et al (2018). The latter is only
provided at a one year horizon.

unemployment shocks. The left panel of Figure 4 plots the model-implied drop in consumption upon615

job loss, as a function of the household’s position in the distribution of liquid wealth (deposits).616

The line is downward-sloping, as households with more liquid wealth are better able to cushion the617

consumption effect of becoming unemployed. The average consumption drop is 22 percent, which is618

very close to the empirical estimate of Chodorow-Reich and Karabarbounis (2016), who report a 21619

percent drop based on data from the Consumer Expenditure Survey.620

The right panel of Figure 4 shows the composition of the “consumption cushion” upon job loss.621

The cushion is defined as the difference between the drop in labor income and the drop in consumption622

upon job loss. Between 31.8 and 41.6 percent of the consumption cushion is financed by unemploy-623

ment benefits, depending on the amount of liquid assets owned by the households. These benefits624

directly help households alleviate the fall in consumption. Around 20.4 percent of the consumption625

cushion is due to additional withdrawals from mutual funds after job loss. The remainder of the626

cushion is due to the withdrawal of deposits.627

4.4 Equilibrium responses to a QE shock628

Before applying the model to the Great Recession, we conduct a simple experiment which helps to629

understand how QE affects the macroeconomy. To this end, we consider an exogenous shock to QE,630
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Figure 4: Consumption behavior upon job loss.
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Notes: the black line in the left panel plots 100 · [1− Ct(i)/Ct−1(i)] for households who lost their jobs in the current
quarter t. The right panel shows the contributions of the components of the “consumption cushion,” for households who
lost their job in the current quarter t. The consumption cushion, from the budget constraints in periods t and t − 1, is
defined as cusht(i) ≡ wt−1Ht−1(i) + [Dt−2(i)−Dt−1(i)] − [Ct−1(i)− Ct(i)]. The contribution of unemployment
benefit is computed as (ΘU − ΘE)/cusht(i), the contribution of liquidation of mutual funds as (XU −XE)/cusht(i),
and the contribution of deposit withdrawal is computed as [Dt(i)−Dt−1(i)] /cusht(i). Both panels show outcomes in
the deterministic steady state.

i.e. a positive innovation to zQEt . For transparency, we consider a version with Real Reserve Targeting631

(RRT, i.e. ξQEΠ = ξQEY = 0), so that there is no feedback from output and inflation to real reserves.632

The shock is scaled such that the purchase of long-term debt (and hence the increase in real reserves)633

is equivalent to one percent of annual steady-state output. We further assume a persistence coefficient634

of λzQE = 0.9, which implies that the QE expansion has a half life of about 1.7 years.635

As a comparison, we will also consider the effects of a “conventional” interest rate shock. In636

this version, we set ξRΠ = 1.5 and ξRY = 0, and otherwise identical parameter values, implying the637

same steady state, in order to facilitate comparison. In this latter version, we purposely abstract from638

liquidity effects, in order to maximally contrast the liquidity channel from the interest rate channel as639

mentioned in the introduction.31 By doing so, we highlight the value added of our analysis to the New640

Keynesian literature, which typically abstracts from liquidity effects, placing the interest rate channel641

at the center of the analysis.642

31Realistically, conventional policy is also often implemented via Open Market Operations (OMO), i.e. purchases
of short-term debt. Like QE, such interventions may create liquidity effects, which we abstract from here. The size of
these effects would, however, depend on the extent to which short-term debt is illiquid. In our model, short-term debt is
fully liquid, and hence there would be no liquidity effects (in fact, with interest rates at zero, short-term debt and money
(reserves) are fully equivalent, hence a swap of these assets will have no effects). Finally, note that the amount of assets
purchases under traditional OMOs is typically much smaller than under QE, so to the extent that OMOs generate liquidity
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Figure 5: Expansionary QE and interest rate shock.
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Notes: Responses plotted in deviations from the steady state. The shock is scaled such that real reserves increase by an
amount equivalent to one percent of annual output on impact. The conventional monetary policy assumes a conventional
Taylor coefficient ξRΠ = 1.5. The size (i.e., the standard deviation of one time shock to ln zRt is 1.85%) and persistence
(i.e., ρR = 0.89) of the interest rate shock are scaled, so that the output and inflation response on impact are the same as
in the case of QE. The savings/consumption/income gaps are measured as the differences between log of the 90th and the
10th percentiles of the savings/consumption/income distributions.

The black solid lines in Figure 5 plot the responses to the QE expansion in the baseline model.643

Immediately after the central bank starts purchasing government debt, output increases by 1.06 per-644

cent on impact and by 0.59 percent on average during the first year following the intervention, almost645

identical to the empirical finding in Weale and Wieladek (2016).32 Inflation also responds strongly646

to QE. One year after the intervention, the price level has increased by 1.09 percent. Real wages647

also increase substantially, reflecting the increase in labor demand which ensues from the increase in648

goods demand. As QE is rolled back, this increase dies out to almost zero after two years.649

The responses of macroeconomic variables to a QE expansion are strong. To illustrate this point,650

Figure 5 also presents the responses to an interest rate shock in the “conventional policy” version651

of the model. Here, we scale the shock such that the initial output response is identical to the one652

obtained in the QE version of the model. Achieving this requires a very large initial reduction in653

the nominal interest rate, of about 316 basis points. Note also that, while the responses of output654

and the real wage are qualitatively similar in both versions of the model, inflation overshoots in the655

QE version, starting from 4 quarters following the initial shock (when consumption inequality is the656

effects, these may be quantitatively less important.
32If we use the simple formula, the direct effect on output amounts to 0.63-0.095 = 0.54 percent.
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highest).657

The bottom panels of Figure 5 show that QE also has non-trivial distributional consequences. In658

particular, the figure plots the 90-10 percentile range of the distributions of liquid savings, consump-659

tion and income. Following the QE expansion, all three measures of inequality initially decline, but660

quickly turn positive. Moreover, the effects are very persistent, decaying more slowly than the shock661

itself. Following an interest rate cut, the three measures also decline, which is consistent with empiri-662

cal evidence in Coibion et al. (2017). The responses, however, are much smaller than those after a QE663

shock, even though the response of aggregate output is the same (by construction). Moreover, after664

an interest rate shock there is no subsequent reversal; by comparison, the responses of distributional665

variables to a QE expansion are both larger and switch signs after a few periods.666

To better understand the aggregate effects of a QE shock, note that its key implication is that667

it increases the amount of liquid assets held by households. Since households have high marginal668

propensities to consume out of liquid wealth, aggregate demand increases. But given that households669

do not directly receive any of the additional liquidity from the central bank or the mutual funds, how670

are they able to finance both an increase in consumption and an increase in liquid asset holdings?671

Figure 6 decomposes the change in the income and the expenditure side of Equation (16), the672

aggregated budget constraint of the households and the treasury (both of which contribute to aggregate673

demand), in the initial quarter following the shock. As anticipated, both consumption expenditures674

and deposit holdings increase (together by 1.26% of annual steady-state output).33 Most of the change675

on the income side is due to the labor income component (about 59.68%), which increases by enough676

to finance a large chunk of the additional deposits. A significant part (about 44.89%) is due to the677

change in the price of long term debt, which is due to an increase in the price of new debt,34 and678

to a downward revaluation of its stock of existing debt due to higher inflation. Finally, a downward679

revaluation of the households’ deposits reduces their spending capacity, although this effect is small680

(-4.57%).681

To understand the strong distributional effects of a QE shock, liquidity is also of key importance.682

The initial increase in liquidity is absorbed relatively evenly among the group of employed house-683

holds, reducing inequality among households within this group, who all benefit from an increase in684

income.35 Subsequently, however, some employed households become unemployed and sell off their685

liquid assets to those who remain employed, who then become even richer. At the same time, pre-686

viously unemployed households become employed. These households have not been able to benefit687

from the initial increase in income, and therefore did not accumulate more liquid assets. As a re-688

33Recall the nature of the experiment, all asset purchases happen in the initial quarter. Therefore, the initial increase in
deposits is relatively large compared to the consumption response. After the initial period, however, the quantitative exit
sets in and the deposit response takes the opposite sign, while the consumption response is still positive.

34On top of the previous comparison of QE and traditional OMO, since the price of long-term assets is more forward
looking than that of short-term ones (i.e., ρ = 0) keeping everything else constant, the effect of QE is larger compared to
traditional OMO.

35Note that households at both the 90th and 10th percentiles of the three distributions are all employed.
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Figure 6: Decomposition of the QE effects (responses on impact).
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constant.

sult, inequality in liquid assets increases, which feeds into consumption inequality and also income689

inequality, the latter mainly via labor supply.690

Finally, to understand the role of price stickiness and the speed of QE exit, we consider two691

alternative scenarios. First, we consider a version of the model with flexible prices (i.e. setting692

φ = 0), illustrated by the blue dashed lines in Figure 7. In this case, the initial effect on output693

(0.1%) is much smaller, whereas there is a large spike in inflation on impact (2.3 percentage points).694

Intuitively, the increase in prices strongly dampens the increase in goods demand following the QE695

intervention. That is, indirect effects mostly offset the direct effects. Real wages remain constant696

under flexible prices. The fact that the QE shock still creates a small increase in output under flexible697

prices is associated with labor supply effects and re-distributions of wealth.698

The green dashed lines in Figure 7 illustrate the effects in the baseline model when the QE expan-699

sion is less persistent, setting λzQE = 0.6, so that the exit is quicker. In that case, the initial expansion700

in output and inflation is much smaller. Intuitively, the contractionary effects associated with the701

quick unwinding of QE are immediately anticipated following the intervention, which dampens its702

effectiveness on impact. Thus, the overall power of a QE intervention depends crucially not only on703

the degree of price stickiness, but also on expectations regarding its persistence.704

4.5 Robustness705

We now consider a number of alternative assumptions on mutual funds and fiscal-monetary policies.706
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Figure 7: Responses to an expansionary QE shock.
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Notes: Responses plotted in deviations from the steady state. The shock is scaled such that real reserves increase by an
amount equivalent to one percent of annual output on impact. The policy rule assumes ξQE

Π = ξQE
Y = 0 (Real Reserve

Targeting). The baseline and flexible price responses assume a persistence coefficient of λzQE = 0.9, whereas the “quick
exit” response assumes a persistence coefficient of λzQE = 0.6. The savings/consumption/income gaps are measured as
the differences between log of the 90th and the 10th percentiles of the savings/consumption/income distributions.

Alternative assumptions on mutual funds. In the baseline model, households’ mutual fund with-707

drawals are constant over time, and hence Xt does not respond to QE. In Appendix B.3, we show708

that this outcome can be microfounded by introducing a convex and pecuniary cost of mutual fund709

withdrawals, modeled as a tax.710

In Section 3.3, we further explained that QE policy has identical effects if one allows the aggregate711

withdrawal Xt to adjust, as long as the withdrawal gap is the same as in the baseline. Therefore, the712

result remains unchanged if we allow mutual funds to decide the payout policy (Appendix D.2). In713

Appendix D.1, we further consider an alternative version of the model in which the difference among714

individuals’ mutual fund withdrawals do fluctuate over time. Specifically, we consider a version of715

the model in which the cost of mutual fund withdrawals is specified as a utility cost rather than a tax.716

This generates a richer distribution of mutual fund withdrawals, which is directly connected to the717

distribution of consumption. Individual mutual fund withdrawals then respond to QE, along with the718

distribution of consumption. We find that the responses of macroeconomic variables are also close to719

the baseline responses.720
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Alternative assumptions on fiscal policy. In the baseline model, government expenditures (Gt) do721

not respond to QE, while taxes (Tt) adjust to satisfy the government budget constraint. In Appendix722

D.3, we consider a model version in which instead Tt remains constant over time, while Gt adjusts723

to satisfy the government budget constraint. In this case, QE raises aggregate demand directly via724

government expenditures, and we again find that QE has strong positive effects on output and inflation,725

as in the baseline model. Finally, the consideration of varying government debt supply does not726

change the conclusion we had for QE, since households do not directly hold government debt.727

Forward Guidance and Helicopter Drops. In Appendix E, we consider two other unconventional728

policy options. First, we analyze Helicopter Drops, i.e. outright transfers to the households (via the729

fiscal authority), financed by the issuance of reserves. We find that the effects of Helicopter Drops730

on output are significantly smaller but slightly more persistent than the effects of QE. The second731

one is Forward Guidance, i.e. statements about future interest rate policy. We show that when the732

central bank also uses QE, there is no “Forward Guidance Puzzle”, i.e. the policy only has small733

macroeconomic effects.734

4.6 The macro effects of QE since the Great Recession735

We now quantify the macro effects of QE on the U.S. economy since the Great Recession, when the736

nominal interest rate was (almost) at the zero lower bound, starting from 2008Q3. To this end, we737

structurally estimate the model, using growth rate data on output, the government-spending-to-output738

ratio, the deposits-to-output ratio, and year-over-year CPI index. The data, as differences relative to739

the 2008Q3 levels, are shown in Figure 8.740

We estimate the version of the model with QE and four shocks: cost push shocks, TFP shocks,741

government expenditure shocks, and QE shocks. Recall that each of the stochastic driving forces z ∈742

{ε, Z,G, zQE} follows an independent AR(1) process, and we estimate the associated parameters.36
743

One might think of QE shocks as discretionary policy interventions. At the same time, we also allow744

for systematic responses via the QE rule, and we estimate the stabilization coefficients on output and745

inflation. The remaining parameters are calibrated as described above. The model is estimated by746

Maximum Likelihood, using the Kalman filter combined with a perturbation method.747

Table 4 in Appendix C.3 displays the estimated parameter values. The implied magnitude of QE748

shocks is substantial, with one standard deviation being 12% of the steady-state amount of reserves.749

At the same time, we also find a systematic component to the QE rule. In particular, we estimate the750

coefficients on inflation and output (ξ̃QEΠ and ξ̃QEΠ ) to be significantly negative. When the annualized751

36Given the short sample with three rounds of QE, we fix all persistent parameters to be λz to be 0.9, and estimate the
size of the shocks σz . We experiment with other values, and the comparison later is similar. One can also estimate the
persistent parameters, but the short sample limits the model’s ability of identification.
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Figure 8: The impact of QE in the U.S. since the Great Recession.

Notes: data series and a counterfactual simulation without QE. For a description of the data series, see the main text and
also Appendix A. In the counterfactual, we set ξ̃QE

Y = ξ̃QE
Π = 0 and shut down the (smoothed) QE shocks. Grey areas

denote rounds of QE purchases by the Federal Reserve. Time series have been normalized around 2008Q3.

inflation falls by 1 percentage points, the central bank buys assets and creates reserves worth of al-752

most 0.10 percent of annual output (roughly $13.52 billions in 2012). When output falls by 1%, the753

central bank creates reserves worth of 1.91 percent of annual output (roughly $258 billions in 2012).754

Thus, QE since the Great Recession appears best described as a mix of systematic and discretionary755

interventions.756

With the estimated model at hand, we quantify the effects of active QE on the macro economy.757

We do so by simulating a counterfactual in which we both set ξ̃QEY = ξ̃QEΠ = 0 and shut down the758

(smoothed) QE shocks from 2008Q4.37 We keep the rest of the smoothed shocks (i.e., best estimates759

for the shocks given the whole set of observations). In this case, real reserves and deposits remain760

fixed at their steady-state levels from 2008Q4 to 2015Q4.761

Figure 8 shows the results of this counterfactual. The difference between the two lines in the762

upper left panel captures the Fed’s asset purchases, which resulted in large-scale deposit creation.763

The lower right panel shows that QE had a large positive impact on aggregate output. Without active764

QE interventions, the recession would have been much deeper. For example, the output growth would765

37The increase of deposits/reserves starts from 2008Q4. Additionally, compared to 2008Q3, the nominal interest rate
in 2008Q4 is even closer to zero and barely moves until 2015Q4.
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have been about -2.61%, compared to about -0.56% observed in 2008Q4. Note that this effect is much766

larger than the direct effect computed in Section 2. Thus, in the initial years the direct effects of QE767

were amplified by general equilibrium effects.768

However, after the recession the QE effects gradually fade out, and later on even switch sign,769

even if the policy itself had not been rolled back. Over longer horizons, general equilibrium effects770

turn from an amplifying into a dampening factor, as prices have had more time to adjust.38 Indeed,771

the effects during the second and third rounds of QE are considerably smaller than that during the772

first round, as the later rounds had been anticipated by the private sector. The largest output gains773

during QE 1, QE 2, and QE 3 are $0.60 trillion, $0.40 trillion, and $0.34 trillion, respectively. The774

counterfactual analysis implies that inflation could have been higher than the data since the end of775

2012. In 2015Q4, inflation would have been 3.2 percentage points higher if the central bank never776

purchased any assets.777

5 An extension with capital778

We have shown the effect of QE in a New-Keynesian model with heterogeneous agents but with-779

out capital. Now, we introduce physical capital and investment adjustment costs into the baseline780

model and explores robustness of the results. We also discuss the additional channels created by the781

introduction of capital.782

We assume that physical capital is owned by the mutual fund and rented out to firms. Similar783

to long-term government bonds, capital is not directly traded among households. The production784

function of goods-producing firm j is now given by:785

Yt(j) = ZtKt(j)
αHt(j)

1−α, (17)

where α ∈ [0, 1]. The aggregate capital stock evolves according to:786

Kt+1 = (1− δ)Kt + It, (18)

where δ ∈ (0, 1] is the depreciation rate and It is aggregate investment into physical capital.787

There are also a large number of identical capital producers, who construct new capital using input788

of final output and subject to adjustment costs. They sell new capital to mutual funds at the price qKt .789

For simplicity, we assume that the mutual funds own capital producers, and the objective of a capital790

38Figure 8 also shows a large positive effect of QE on inflation, although this effect was relatively short-lived and
switched sign during 2013. The latter result reflects the overshooting of inflation also visible in Figure 7. In these
responses, the effect on inflation dies out much faster than the effect on output.
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producer is to choose investment It to maximize the expected present value of profits:39
791

maxEt
∞∑
s=t

βs−t
{
qks Is −

[
1 + Ω

(
Is
Is−1

)]
Is

}
.

Here, Ω(It/It−1)It is an investment adjustment cost function which satisfies Ω(1) = Ω′(1) = 0, so792

that the steady state is unaffected by the presence of the adjustment cost. Additionally, we assume793

that the adjustment cost function is convex: Ω′′(x) > 0. From profit maximization it follows that the794

price of capital goods equals the marginal cost of investment goods production:795

qkt = 1 + Ω

(
It
It−1

)
+

It
It−1

Ω′
(

It
It−1

)
− βEt

[(
It+1

It

)2

Ω′
(
It+1

It

)]
. (19)

Profits or dividends from capital production Divkt = qks Is − [1 + Ω
(

Is
Is−1

)
Is] are redistributed lump796

sum to mutual funds.797

We now return to the goods producers. Let rKt denote the (net) rental rate of capital. The cost798

minimization problem of firm j, given a certain level of output Yt(j), is given by:799

min
Ht(j),Kt(j)

wtHt(j) + rKt Kt(j)

800

s.t. Yt(j) = ZtKt(j)
αHt(j)

1−α.

Let mct(j) be the Lagrange multiplier on the production function constraint. The decisions on hiring801

labor and capital lead to the expression for marginal cost, as well as the labor-capital ratio802

mct(j) =
1

Zt

(
rKt
α

)α(
wt

1− α

)1−α

. (20)

803

rKt
wt

=
α

1− α
Ht(j)

Kt(j)
(21)

As before, firms maximize the expected present value of profits subject to the households’ demand804

schedule and their production function. This delivers the same New Keynesian Phillips Curve in (6).805

The budget constraint of the mutual fund now becomes:806

Xt = (1 + ρqBt )
Bm
t−1

Πt

− qBt Bm
t +Divt +Divkt − qkt It + rKt Kt−1. (22)

The mutual fund maximizes expected returns, leading to the following additional no-arbitrage rela-807

39Alternatively, one can assume that households own the capital producers. In that case, the discount factor used in the
objective function is different. But we find no significant quantitative difference so that we use this simple setup.
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tionship:808

βEt
[

(1 + ρqBt+1)/Πt+1

qBt

]
= βEt

[
rkt+1 + (1− δ)qkt+1

qkt

]
= 1. (23)

The maximization problem implies that the aggregate withdrawal Xt has to vary over time. To keep809

this model as close as possible to the baseline, the gap between the withdrawals of employed and810

unemployed households, XU
t −XE

t , is kept constant at its steady-state level (to be calibrated). Recall811

that in the model without capital, when mutual funds choose payout Xt, the economy’s allocation is812

identical to that of the baseline, as long as the gap XU
t −XE

t stays the same (see Appendix B.4 and813

Appendix D).814

As a summary, the model with capital adjusts some of the equilibrium conditions in the baseline815

case. We replace the production function, marginal cost expression, and MF budget constraint by816

(17), (20), and (22), respectively; drop the fixed withdrawal levels by employed and unemployed817

households but require a constant gap of the withdrawals; and add equations (21), (19), and (23) and818

obtain three extra variables: rKt , qkt , and Kt, together with investment It from the capital evolution819

(18). The goods market clearing condition (after aggregating all budget constraints) is thus modified820

to821

Yt = Ct +

[
1 + Ω

(
It
It−1

)]
It +Gt + φ (Πt − 1)2 Yt.

Calibration. We choose a different level of steady-state aggregate productivity Z such that the822

aggregate output in this economy is the same as in the baseline economy. The depreciation rate of823

investment is set to δ = 0.02, and α = 0.26 so that investment-output ratio is around 15.4% (the824

average over the period between 1985Q1 and 2008Q2). The adjustment cost function is specified as825

Ω(x) =
ζ0

ζ1

(x− 1)ζ1 .

It is well known that the parameters ζ0 and ζ1 control the shape of the investment response to capital826

prices. We choose ζ1 = 2 so that inverse elasticity of net investment to the price of capital, captured827

by (x − 1)Ω′′(x)/Ω′(x), is 1, in line with empirical evidence. Then, we compare two scenarios, one828

without adjustment costs (ζ0 = 0), and one with some adjustment costs (ζ0 = 0.2).829

We keep the calibration targets the same as before, except that now the level of government ex-830

penditures is 18.5% of output as in the data and that we also target the same government debt as in the831

baseline, for the sake of comparability. To achieve this, we give up on the deposit-to-output ratio as a832

calibration restriction. In the calibrated model with capital, this ratio turns out to be 6.82%, which is833

slightly below 6.85% as in the data (which considers investment).40
834

40If, instead, we still targets the deposit-to-output ratio, then the implied debt-to-output ratio will be around 90%,
significantly higher than around 60% before 2008Q3.
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Figure 9: Responses to an QE shock with capital.
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Responses to a QE shock, We feed the economy with capital the same expansionary QE policy835

shock as before. Figure 9 reveals that macro variables respond in a similar way to the version without836

capital when the economy features adjustment costs of capital (ζ0 = 0.2). When the economy has837

no adjustment cost on capital investment (ζ0 = 0), aggregate investment responds significantly to QE838

and falls immediately as the unwinding of QE starts. Output as a result follows a similar pattern. As is839

typically the case, dynamics appear more realistic with adjustment costs, and therefore we will focus840

on this case from now on.841

Following the expansion, output and inflation persistently increase as in the benchmark case with-842

out capital. The initial impact on inflation is more significant (0.99%) compared to the benchmark843

(0.72%), while the impact on output (1.13%) is closer to the benchmark (1.06%). Importantly, how-844

ever, the output expansion is now driven not only by consumption but also investment. Investment845
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increases despite the fact that the consumption boom triggered by QE has some crowding-out effect846

on investment. The investment expansion is due to both direct and indirect channels. The expansion847

of QE directly induces the mutual fund to replace government bonds sold to the central bank with new848

capital investment. This directly stimulates aggregate investment and output. Indirectly, the increase849

in aggregate goods demand triggers and increase in the demand for investment goods.850

Note that as the central bank gradually unwinds QE following the initial period, i.e. selling gov-851

ernment debt back to the market, investment contracts in the medium run (note: repeated QE shocks852

would delay this contraction.). Sims and Wu (2021) find a similar overshooting of investment because853

of the substitutions between consumption and investment, although in a different environment. When854

the exit is anticipated to happen quickly, the intervention has much smaller output effects, as in the855

version without capital. Moreover, under flexible prices a quick increase in prices mutes most of the856

output effects, again similar to the version without capital.857

Finally, the impact on inequality is also similar to that in the baseline, as the introduction of capital858

has only a limited impact on the dynamics of wages and inflation.859

6 Concluding remarks860

We found that QE can be an effective tool to stabilize the economy and that it has greatly dampened861

the Great Recession via the household liquidity channel. However, it may not be desirable to replace a862

conventional interest rate policy with QE, as the latter tends to create strong side effects on inequality.863

In future work, it would be interesting to extend the model. For example, endogenizing unemployment864

may alter the redistributive effects. It may also worth studying the money multiplier after QE in a865

setting with frictions in the banking sector.866

We conclude with a note on conventional monetary policy for future research. We have assumed867

that the central bank directly controls the short-term interest rate. In practice, most central banks868

implement interest rate policy through open market operations. That is, they lower short-term interest869

rates by purchasing short-term T-bills. To the extent that deposits are more liquid than T-bills, the870

stimulative and redistributive effects of QE emphasized may apply to conventional policy as well.871
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Appendix978

Supplemental material (online Appendix) for “Quantitative Easing with Heterogenous Agents” by Wei Cui and979

Vincent Sterk980

A Data and additional empirical results981

In A.1, we compare data from the Flow of Funds to those from the Survey of Consumer Finances (SCF). In A.2,982

we estimate the impact of QE announcements on liquidity, in particular deposits held by households. Finally,983

in A.3 we expand on the data used in the estimation of the model.984

A.1 Data on household liquidity985

Flow of Funds versus SCF. The data shown in Figure 1 in the main text are taken from the Flow of Funds986

(FoF) data. An important advantage of the Flow of Funds data is that they are constructed from administrative987

sources, that they aggregate up to the macro level and that their frequency is relatively high (quarterly). How-988

ever, a possible concern regarding these data is that the sector “Households and Non-Profit Organizations” is989

constructed as a residual. For this reason, we draw a comparison to data from the Survey of Consumer Finances990

(SCF). A disadvantage of the SCF is the relatively low frequency (once every 3 years) and the limited number991

of survey participants. But the data do give a direct insight into households’ finances.992

Table 2: Checkable deposits and currency on the household balance sheet.
year ratio SCF to FoF year ratio SCF to FoF
1989 0.70 2007 8.42
1992 0.49 2010 2.68
1995 0.54 2013 1.62
1998 0.93 2016 1.60
2001 1.51 1989-2016 2.06
2004 2.10

Source: Batty et al. (2015), Table 1.

To compare household liquidity in the FoF to the SCF we draw on Batty et al. (2015), who document the993

ratio of households’ checkable deposits and currency in the FoF relative to the SCF, see Table 2. The table994

shows a highly unusual spike in 2007. From 2010 onward, however, when most of the increase in household995

deposits in the FoF took place, the ratio is relatively stable. Based on the SCF data, we constructed an adjusted996

time series for household deposits. To do so, we multiplied the FoF series by the ratio shown in Table 2, linearly997

interpolated between SCF releases. Figure 10 shows the increase in the original flow of funds series, as well as998

in the SCF adjusted series. In both series, there is a similarly large increase in household deposits. We conclude999

that the increase in household deposits since QE as observed in the FoF is consistent with the SCF.1000

Nonprofits. Another potential concern with the SCF data is that it also combines households and non-profit1001

organizations. Figure 11 shows data from Holmquist (2019), who splits up the total series into a household1002

component and a nonprofit component. As can be seen from the figure, the relative contribution of non-profits1003

has been small and fairly constant over time.1004

1



Figure 10: Household deposits: FoF versus SCF.
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Figure 11: Checkable deposits and currency in the Flow of Funds (annual).
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A.2 Liquidity following QE announcements1005

In the main text, we analyzed raw data on reserves and deposits during QE episode. We now estimate the effects1006

of QE on reserves and deposits by running a local projection exercise. In particular, we estimate the following1007

equation:1008

Yt = β1QEt−s + γXt + εt,

where Yt is one of the three variables: reserves, deposits held by households, or deposits held by non-households.1009

Moreover, 1QEt is a dummy which equals one if there was a QE announcement (i.e., 2008q4, 2010q3, and1010

2012q3), and Xt is a matrix of control variables which includes unemployment rate, CPI inflation and the GDP1011

growth rate between quarter t− 4 and t, the federal funds rate in quarter t, as well as a constant. Finally, εt is a1012

residual. We run this regression separately for each lag period s. The sample runs from 1990q1 until 2018q4.1013

Figure 12 shows that QE announcements were followed by a surge in reserves and deposits. The latter1014
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Figure 12: Reserves and deposits responses following QE announcement.
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Source: Federal Reserve Board, Flow of Funds accounts. In the top panel, grey areas denote rounds of QE purchases by
the Federal Reserve. In the bottom panel, responses estimated using a local projection controlling for unemployment,
inflation, GDP growth and the Federal Funds Rate. Dash-dotted lines denote 90% confidence bands.

ended up being held mostly by households (middle panel).41 A smaller fraction was held by non-households1015

(right panel), a category which consists mainly of non-financial firms.42
1016

A.3 Data used in the calibration and estimation1017

For households’ deposits data, we use “Households and Nonprofit Organizations; Checkable Deposits and1018

Currency” from the U.S. Flow-of-Funds accounts. For consumption data, we use “Personal Consumption Ex-1019

penditures” from U.S. BEA (Bureau of Economic Analysis) deflated by personal consumption expenditure1020

chain-type price index to 2012 dollars. For government expenditures data, we use “Real Government Expendi-1021

tures” in 2012 dollars from BEA. Output is defined as the sum of consumption and government expenditures.1022

For price levels, we use “Consumer Price Index for All Urban Consumers” from BLS (Bureau of Labor Statis-1023

tics). The above four series are obtained from 1985Q1 to 2018Q2. In the extension of having capital in the1024

model, we use “Real Gross Private Domestic Investment” in 2012 dollars from BEA. Output is then defined as1025

the sum of consumption, investment, and government expenditures.1026

For the QE estimation exercise, we only use the sub-sample period 2008Q3-2015Q4 because the nominal1027

interest rate (i.e., the Fed funds rate) is at (almost) zero during this period. We use the growth rates of deposits-1028

to-output ratio, the government-expenditures-to-output ratio, CPI index, and output. All the growth rates are1029

demeaned by the sample average between 2007Q4 and 2015Q4, because 2007Q4 was the starting time of the1030

global financial crisis and our exercise is an application of QE to this period.43
1031

For the Survey of Consumer Finance (SCF), we use 2016 SCF Chartbook.44 Specifically, we use “Median1032

value of before-tax family income for families with holdings” Table on Page 7 and “Median value of transaction1033

accounts for families with holdings” Table on Page 151.1034

41The fact that in the initial period there is uncertain in increase of QE, might be expected since we are looking at
announcements of QE programs (which are not immediately implemented).

42In the model , there is no motive for firms to hold liquidity. However, the corporate finance literature has pro-
vided empirical evidence that increased liquidity in firms may stimulate investment and hiring. This would be another
complementary transmission channel of QE which we do not consider in this paper.

43If we start the period from 2008Q3 (for demean purposes), when the deposit to output ratio is historically low, the
growth rate of deposit from QE and the estimated effect of QE from the model will be exacerbated.

44https://www.federalreserve.gov/econres/files/BulletinCharts.pdf.
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B Tractability and computation1035

In this part, we explain a few technical details that enable the model to be tractable. Most of the discussion is1036

focused on keeping track of the asset distribution. Before going to the detail, the following table summarizes1037

the balance sheets of all agents in the economy discussed in the main text.1038

Table 3: Balance sheets.

households mutual funds
mutual fund shares (A) household equity firm shares (S) mutual fund shares (A)
deposits (D) long-term govt. debt (Bm)

fiscal authority central bank
claims to surpluses long-term govt. debt (B = Bm +Bcb) long-term govt. debt (Bcb) extra reserves (M − M̄ )

banks firms
reserves (M ) deposits (D) claims to profits firm shares (S)

Notes: left-hand sides denote assets, whereas right-hand sides denote liabilities/equities.

B.1 The distribution of liquid wealth and model solution1039

Let us now discuss in detail how we solve the model. We only need to keep track of the distribution of liquid1040

wealth (deposits) among households. In the presence of aggregate shocks, this distribution fluctuates over1041

time, which is relevant to the state of the economy. In the calibrated model, it turns out that the liquid wealth1042

distribution consists of only mass points. This happens as households who become unemployed spend all their1043

liquid wealth in the initial quarter of unemployment, hitting the no-borrowing constraint within the first quarter1044

of unemployment. Therefore, all the unemployed choose Dt(i) = 0.1045

It follows that any household which transitions from unemployment to employment holds exactly zero1046

deposits. As a result, all employed households with the same employment duration behave identically (see1047

also the discussion in Section 4.1). Moreover, all households which have been unemployed for more than one1048

quarter consume simply their current net income, whereas the newly unemployed households consume their1049

current income plus their liquid wealth (which in turn depends on their previous employment duration).1050

Let us introduce some notation indicating various “cohorts” of employed and unemployed households. Let1051

a superscript E denote the employed, EU the newly unemployed, and UU those who have been unemployed1052

for at least one quarter. Further, let n ≥ 0 denote the employment duration of a household up until the current1053

period (i.e. including the current period). For example CEt (n) with n = 1 denotes the consumption level of a1054

currently employed household who was unemployed in the previous quarter and CEUt (n) with n = 3 denotes a1055

newly unemployed household, who had completed an employment spell of 3 quarters upon job loss.1056

We can now characterize the household’s choices with the following system of equations. For employed
households we have the following equations:

CEt (n) +DE
t (n) = wtH

E
t (n) +

Rt−1

Πt
DE
t−1(n− 1) + ΘE

t +XE
t − Tt,∀n ≥ 1 (24)[

CEt (n)
]−σ = βEt

[
Rt

Πt+1

[(
1− pEU

)
(CEt+1(n+ 1))−σ + pEU

[
CEUt+1(n+ 1)

]−σ]]
,∀n ≥ 1 (25)

wt
[
CEt (n)

]−σ = κ0

[
HE
t (n)

]
κ1 ,∀n ≥ 1 (26)
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For completeness, letDE(0) = 0. For the newly unemployed households (EU ) and the remaining unemployed1057

households (UU , sometimes referred to as cohort 0) we have:1058

CEUt (n) +DEU
t (n) =

Rt−1

Πt
DE
t−1(n− 1) + ΘU

t +XU
t − Tt, ∀n ≥ 1, (27)

DEU
t (n) = 0, ∀n ≥ 1, (28)

HEU
t (n) = 0, ∀n ≥ 1,

CUUt (0) +DUU
t (0) = ΘU

t +XU
t − Tt, (29)

DUU
t (0) = 0, (30)

HUU
t (0) = 0.

The above system contains three blocks of equations. Equations (24), (27), and (29) are budget constraints.1059

Moreover, (25), (28), and (30) characterize the optimal choices for deposits (using the fact that the unemployed1060

are at the no-borrowing constraint, whereas the employed are on the Euler equation for deposits), and (26) is1061

the first-order optimality condition for labor supply of the employed households.1062

In practice, we truncate the above system at a certain employment duration, i.e. we let n = 1, 2, 3.., N ,1063

which renders the state-space finite dimensional. As can be seen from Figure 2, under our calibration, house-1064

holds converge fairly quickly to a maximum amount of assets. In our application, we set N = 75 and verify1065

that results are insensitive to the truncation threshold. Setting the threshold as low as N = 20 delivers very1066

similar results. We close the system by setting for the final cohort of employed households:1067

CEt (N) +DE
t (N) = wtH

E
t (N) +

Rt−1

Πt
DE
t−1(N) + ΘE

t +XE
t − Tt,[

CEt (N)
]−σ

= βEt
[
Rt

Πt+1

[(
1− pEU

) [
CEt+1(N)

]−σ
+ pEU

[
CEUt+1(N)

]−σ]]
,

wt
[
CEt (N)

]−σ = κ0

[
HE(N)

]
κ1 .

These equations impose that beyond an employment duration of n = N = 75 quarters (i.e., more than 18
years), all households behave identically. This is not a very restrictive cutoff, since households already behave
practically identically beyond an employment duration of 10 to 20 quarters, see Figure 2. We solve the above
system jointly with the remaining model equations, given by:

1− εt + εt
wt
Zt

= φ (Πt − 1) Πt − φEt
[
β
Yt+1

Yt
(Πt+1 − 1) Πt+1

]
,

Xt = Divt + (1 + ρqBt )
Bm
t−1

Πt
− qBt Bm

t ,

Xt = uXU
t + (1− u)XE

t ,

XU
t = XU

XE
t = XE
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Gt = qBt B − (1 + ρqBt )
B

Πt
+ T cbt + Tt,

T cbt +
Rt−1

Πt
Mt−1 + qBt B

cb
t = Mt + (1 + ρqBt )

Bcb
t−1

Πt
,

Bcb
t +Bm

t = B,

N∑
n=1

ψE(n)DE
t (n) = Mt,

N∑
n=1

ψE(n)HE
t (n) = Ht,

Yt −Gt + φYt (Πt − 1)2 =
N∑
n=1

ψE(n)CEt (n) +
N∑
n=1

ψEU (n)DEU
t (n) + ψUUCUUt ,

Yt = ZtHt,

in addition to the policy equations for either QE or conventional policy and the exogenous evolution of (εt, Zt,, Gt, z
QE
t ),1068

as stated in the main text. In the above equations, ψE(n), ψEU (n), and ψUU are population share parameters,1069

which satisfy ψUU = u(1 − pUE) − pEU (1 − u), ψE(n) = upUE(1 − pEU )n−1 for 1 ≤ n < N , ψE(N) =1070

1− u−
∑N−1

n=1 ψ
E(n), ψEU (n) = upUE(1− pEU )n−1pEU for 1 ≤ n < N , and ψEU (N) = pEUψE(N). For1071

equilibrium dynamics, we use a first-order perturbation method to solve for the joint system.1072

Finally, we discuss how to verify easily that in equilibrium the unemployed hit the no-borrowing constraint1073

in deposits. This is the case if:1074

[
CEUt (N)

]−σ > βEt
[
Rt

Πt+1

[
pUE

[
CEt+1(1)

]−σ
+
(
1− pUE

)
(CUUt+1)−σ

]]
.

This equation implies that the newly unemployed with the longest previous employment spell do not want to1075

save, i.e., they are at the constraint. If this condition holds, then the same is true for all the other unemployed1076

households, since these are less wealthy, which implies that CUUt ≤ CEUt (N) and CEUt (n) ≤ CEUt (N). See1077

also Figure 2 for an illustration of this point. We verify that the above equation holds in the steady state.45
1078

B.2 The distribution of partially liquid wealth1079

We now discuss in more detail the properties of the distribution of At(i). As noted in the main text, the average1080

level of wealth is pinned down uniquely in the model as At ≡
∫ 1

0 At(i)di = qBt B
m
t + Divt. Given that the1081

right-hand side variables are uniquely pinned down in the steady state, so is At.1082

Next, we note that the distribution ofAt(i) is not uniquely pinned down in the steady state of the model. To1083

see why, first note that the mutual fund’s decisions do not depend on the distribution ofAt(i). Second, recall that1084

households withdraw XE from the fund when employed and XU when unemployed. Therefore, the decisions1085

of households also do not depend on At(i), as noted above. It follows that the steady state of the model is1086

consistent with any distribution of partially liquid wealth, as long as its mean equals A = qBBm +Div.1087

At the same time, given an initial distribution for At(i) in the initial period t = 0, the evolution of the1088

distribution for any subsequent period t = 1, 2, ... is pinned down uniquely. Since the return on mutual funds1089

rAt responds to economic shocks, so will the distribution of At(i). But even without aggregate shocks, the1090

distribution will evolve, as it is non-stationary. To see why, consider a steady state with rA > 0. In our1091

45Under a local perturbation, the constraint then also holds outside the steady state.
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calibrated steady-state economy, the cross-sectional variance of illiquid wealth evolves as:1092

V ar(At(i)) ≥ (1 + rA)
2
V ar(At−1(i)) + V ar(Xt(i)) > V ar(At−1(i)),

where the covariance between At−1(i) and Xt(i) is negative due to the persistence of employment and unem-1093

ployment spells. It now follows that the wealth distribution is non-stationary and that its cross-sectional variance1094

is ever increasing. This non-stationarity is due to the “saving by holding” property of the model, which is in line1095

with cross-sectional evidence on saving rates and the fact that wealth inequality has been steadily increasing1096

for decades.1097

B.3 Mutual fund withdrawals with adjustment costs1098

In the baseline model, withdraws are exogenous to households. We show how to micro-found this with adjust-1099

ment costs. We can add an adjustment cost Ψt(i) to the budget constraint of the household ((4)):1100

Ct(i) +Dt(i) = wtHt(i) +
Rt−1

Πt
Dt−1(i) + Θt(i) +Xt(i)−Ψt(i)− Tt. (31)

The adjustment cost is given by Ψt(i) = ωt(i)Ψ(Xt(i)), where Ψ(·) ≥ 0 is a convex function with Ψ(0) = 0;1101

ωt(i) = 1 for the employed and ωt(i) = ωU ∈ [0, 1) for the unemployed. The idea behind the latter is that1102

the unemployed might face a less steep tax schedule than the employed. In order to preserve the equilibrium1103

conditions in B1, we treat the withdrawal costs as taxes46 so that the goods-market clearing condition remains1104

the same.1105

We now discuss in more detail the household’s choices regarding partially liquid wealth stored in mutual1106

funds. The first-order optimality condition for the household’s decision for the withdrawal Xt(i) can be written1107

as:1108

UC,t(i) = ωt(i)Ψ
′(Xt(i))UC,t(i) + λt(i),

where UC,t(i) is the marginal utility of consumption and λt(i) ≥ 0 is the shadow value of mutual fund wealth,1109

i.e. the Lagrange multiplier on the evolution of At(i) in (3). As discussed in the main text, there is no lower1110

bound on partially liquid wealth since the natural limit in the model implies that At(i) ≥ −∞. This in turn1111

implies that the shadow value of illiquid wealth is zero, i.e. λt(i) = 0.47 Therefore, households’ decisions1112

become independent of the distribution of At(i). Similarly, the mutual fund’s choices do not depend on this1113

distribution. We can therefore drop At(i) as a state in the computation.1114

Specifically in our case, the first-order condition for Xt(i) reduces to:

1 = ωt(i)Ψ
′(Xt(i)).

We can now solve for the withdrawal Xt(i) directly from the above equation. It follows that the employed all1115

withdraw a constant amount Xt(i) = XE , whereas the unemployed all withdraw Xt(i) = XU ≤ XE . In the1116

calibration, we treat XE and XU directly as parameters. Thereby we avoid having to make assumptions on the1117

46Realistically, many of the costs triggered by mutual fund withdrawals are associated with taxation. In particular,
withdrawals may trigger capital gains taxes or –in case of retirement accounts– early withdrawal penalties. Such costs
arguably do not reflect a loss of real resources. Also, back-end fees charged by mutual funds upon withdrawal might best
be thought of as a transfer, since the transaction itself requires few resources. The main purpose of back-end fees is to
reduce the likelihood of large and sudden net outflows from the fund, which tend to complicate its investment strategy.

47Theoretically, there are other solutions without λt(i) = 0 all the time. In our quantitative exercises, this does not
happen. One can verify the transversality condition numerically, as the speed ofAt(i) going to positive infinity or negative
infinity is slow. See the discussion below.
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precise functional form of adjustment cost function. The first-order condition for At(i) can be expressed as1118

UC,t(i)λt(i) = βEt
[
UC,t+1(1 + rAt+1)λt+1(i)

]
.

Given λt(i) = 1−Ψ′t(Xt(i)) = 0 at any time t, the left-and the right-hand side collapse to zero. The expected1119

return EtrAt+1 is then determined purely via the mutual funds.1120

Remark: The two assumptions, that the lack of a borrowing limit on partially liquid wealth and that the1121

withdrawal cost function only depends on the withdrawal amount X , together imply that Xt(i) are constants1122

given the households’ employment status. Violating either assumption will generate a time-varying distribution1123

of Xt(i) that we have to keep track of. The first assumption is not strong, as it reduces the extent of financial1124

frictions relative to a model with a lower limit on At(i). Moreover, as explained before, the model is consistent1125

with any initial distribution of At(i), including ones with bounded support. Over time, unemployed households1126

eat into their partially liquid wealth, but the speed at which they do so in the calibrated model is low, due to the1127

adjustment cost. Therefore, lower end of the support of distribution of At(i) reduces only gradually. In finite1128

time, the support of the distribution remains bounded as long as the initial distribution has bounded support.1129

The second assumption is modified in Appendix D and we can obtain a richer distribution of Xt(i).1130

Remark: This micro-foundation implies that the system of equations that governs the dynamics of the1131

economy is the same except that we should add the total adjustment cost tax Ψt =
∫

Ψt(i)di to the government1132

budget constraint and replace XE
t and XU

t in the household budget constraints before in Section B1 by XE
t −1133

ωEΨ(XE
t ) andXU

t −ωUΨ(XU
t ). Thanks to the possibility of identical equilibria under different fiscal-financial1134

arrangements shown next, the economy is identical to the one studied in the main text if we choose ωE and ωU1135

appropriately (and because the adjustment costs are taxes which do not affect the goods market).1136

B.4 Identical equilibria under different fiscal-financial arrangements: proof1137

Here, we prove the claim in the main text that there is a range of financial market arrangements and fiscal ar-1138

rangements which generate identical effects of QE. That is, keeping the path of fiscal spending {Gt}, monetary1139

policy {Rt, Mt}, and the bond at hands of mutual funds {Bm
t = Bt − Bcb

t } the same, the claim is that the1140

equilibrium allocations are identical to variations in the laws of motions for Xt, Tt, and Bt, provided that the1141

gap XE
t −XU

t is constant.1142

First, let us denote a different combination of withdrawals and lump-sum taxes (or transfers) as X̃t(i) and1143

T̃t(i) in a new economy, while Xt(i) and Tt are used for an original economy. Since XE
t −XU

t = X̃E
t − X̃U

t ,1144

every individual i’s withdrawal is increased by the same amount of ∆Xt. Let us postulate that the tax policy T̃t1145

as1146

T̃t = X̃t(i)−Xt(i)− Tt = ∆Xt − Tt,

and we will prove that T̃t holds in equilibrium. It is straightforward to have1147

Xt(i)− Tt = X̃t(i)− T̃t.

Second, we can define withdrawal net of tax as XT
t (i) ≡ Xt(i)− Tt, which is specific only to the employment1148

status of the household. The budget constraint then becomes1149

Ct(i) +Dt(i) = wtHt(i) +
Rt−1

Πt
Dt−1(i) + Θt(i) +XT

t (i).

Therefore, XT
t (i) = X̃T

t (i) under the two arrangements. This means that households’ budget constraint does1150

not change (or, their choices stay the same if prices stay the same).1151

Third, it only remains to prove that T̃t satisfies the government budget constraint. Then, indeed all prices1152

stay the same as in the original economy, and allocation in the new economy is the same as that in the original1153
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one (since the equilibrium in the original economy is unique according to standard proofs of incomplete market1154

models). Instead of looking at the government budget constraint directly (see the Remark), we can look at the1155

consolidated budget constraint of the mutual funds, the fiscal authority, and the monetary authority in the new1156

economy:1157

X̃t − T̃t +Gt +
Rt−1

Πt
Mt−1 = Divt +Mt.

After plugging in the expression for T̃t, we have1158

Xt − Tt +Gt +
Rt−1

Πt
Mt−1 = Divt +Mt,

which has to be true because this is the consolidated budget constraint in the original economy. That is, treating1159

XT
t (i) = Xt(i) − Tt (and thus Xt − Tt) as one variable, the constraints that matter for the economy (i.e.,1160

household constraints, the consolidated budget constraints, and finally the goods market clearing condition)1161

stay the same, and the new economy has exactly the same allocation as in the original economy. This result can1162

be extended with the type of adjustment cost considered before.1163

Remark: Although allocations are invariant in the proof above, bond prices move, which, in turn, explains1164

why taxes move. To see this, we can write the mutual funds’ budget constraint in the new economy1165

X̃t = Divt + (1 + ρq̃Bt )
Bm
t−1

Πt
− q̃Bt Bm

t ,

which means that a different financial market arrangement X̃t must imply a different outcome of bond price q̃Bt .1166

If QE under the alternative arrangement goes more through the channel of withdrawals, then q̃Bt has a smaller1167

response to QE compared to qBt . Notice that because of the lump-sum rebate from the monetary authority to1168

the fiscal authority, the consolidated budget constraint of the two authorities can be written as1169

Gt + (1 + ρq̃Bt )
Bm
t−1

Πt
+
Rt−1

Πt
Mt−1 = q̃Bt B

m
t + T̃t +Mt,

where the left-hand side is the spending of the consolidated government, while the right-hand side is the total
revenues raised from taxes, issuing reserves, and long-term government bonds held by mutual funds. Therefore,
T̃t we propose neutralizes the changes from Xt to X̃t since

T̃t + q̃Bt B
m
t − (1 + ρq̃Bt )

Bm
t−1

Πt
= T̃t − X̃t +Divt =

∫ (
T̃t − X̃t(i)

)
di+Div

=

∫
(Tt −Xt(i)) di+Divt

= Tt −Xt +Divt

= Tt + qBt B
m
t − (1 + ρqBt )

Bm
t−1

Πt
,

where only taxes and asset prices show up on both sides.1170

C Steady state, calibration, and estimation1171

Here, we show how to solve for the steady-state economy in a systematic way, which is useful for the calibration1172

exercise. The calibration strategy is shown after we discuss how to solve for the steady state efficiently. A more1173

“black-box” alternative is to solve the entire system of steady-state equations all at once using a numerical1174

solution routine. The procedure below, however, makes it easier to hit calibration targets.1175
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C.1 Solving for the steady-state equilibrium1176

Given qB , w, Π, XU , G, B, M , ΘU , and ΘE , we solve for the resulting tax policy T and interest rate policy1177

R, together with the net outflow XE . The steady-state inflation Π is normalized to one. Other trend inflation1178

can be accommodated by putting the trend in the firm price setting problem. Suppose we have an initial guess1179

of (T,R,XE).1180

For the unemployed agents without any savings, the budget constraint implies:1181

CUU = ΘU +XU − T.

There are N cohorts of employed agents. The labor supply decision of the nth cohort satisfies1182

w

CE(n)
= κ0H

E(n),

with σ = 1 as an illustration of the calibrated case (other cases work similarly), which means that the labor1183

income is wHE(n) = w2

CE(n)κ0
. To this end, we first solve for the consumption and saving choice.1184

For the N th cohort, the Euler equation for deposits is1185

1

CE(N)
= βR

[
pEU

1

CUU +DE(N)R
+ (1− pEU )

1

CE(N)

]
,

and the budget constraint is1186

CE(N) =
w2

CE(N)κ0
+DE(N) (R− 1) + Θ̃E ,

where Θ̃E ≡ ΘE +XE − T . The above two equations pin down CE(N) and DE(N).1187

Let us now guess CE(1). For the n = 1 cohort, the Euler equation and the budget constraint are1188

CE(1) = β−1R−1

[
pEU

1

CUU +DE(1)R
+ (1− pEU )

1

CE(2)

]−1

1189

CE(1) =
w2

CE(1)κ0
−DE(1) + Θ̃E .

Since we know CUU , the two equations solve the two unknowns CE(2) and DE(1). For any n = 2, ..., N − 11190

cohort we then obtain from the budget constraint1191

CE(n) =
w2

CE(n)κ0
+RDE(n− 1)−DE(n) + Θ̃E ,

or DE(n) = w2

CE(i)κ0
+RDE(n− 1) + Θ̃E − CE(n). From the Euler equation, we obtain1192

1

CE(n)
= βR

[
pEU

1

CUU +DE(n)R
+ (1− pEU )

1

CE(n+ 1)

]
,

or CE(n + 1) =
[

1
βR(1−pEU )CE(n)

− pEU

(1−pEU )[CUU+DE(n)R]

]−1
. Therefore, given CE(1), we can recursively1193

calculate DE(1), CE(2), DE(2), ..., CE(N − 1) and DE(N − 1) because CE(N) has been determined1194

before. This is effectively a shooting algorithm to hit CE(N), which generates optimal consumption and1195
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saving choices. Aggregate labor supply is then given by1196

H =
N∑
n=1

ψE(n)HE(n) =
N∑
n=1

ψE(n)
w

κ0CE(n)
. (32)

Now, we turn to the government side. Notice that the debt held by the central bank and the total debt held1197

by the mutual fund are thus1198

Bcb =
M(1−R)

qB − (1 + ρqB)
,

1199

Bm = B −Bcb.

Finally, after obtaining all equilibrium objects with a given (T,R,XE), we check the following three1200

equilibrium conditions. We know that from the budget constraint of the mutual funds:1201

uXE + (1− u)XU = ZH − wH + (1 + ρqB − qB)Bm. (33)

The market clearing for reserves is given by:1202

M =
N∑
n=1

ψE(n)DE(n). (34)

The goods market clearing is given by:1203

N∑
n=1

ψE(n)CE(n) +

N∑
n=1

ψEU (n)CEU (n) + ψUUCUU +G = ZH. (35)

These three equations above solve the three unknowns (T,R,XE). That is, if these three equations do not hold,1204

we change our initial guess of (T,R,XE) and iterate the computation.1205

C.2 Calibration1206

The above strategy for calculating the steady-state equilibrium objects will be used in the following calibration1207

exercise.1208

The average labor supply is targeted (1/3 in our calibration), so H is known. Without loss of generality,1209

we normalize the steady-state TFP to Z = 1, so that Y = H . Recall that the wage rate is w = (ε − 1)/ε1210

at the trend inflation, and we thus know the average labor income in the model. The unemployment benefit is1211

calibrated to be a fraction (0.25 in our calibration) of average labor income, so ΘU is known. Because of the1212

budget-neutral unemployment insurance, ΘE is also known. We target the return of long-term government debt1213

which generates the steady-state q. We target the reserves-to-output ratio M/4Y (or M/Y ), the government-1214

expenditure-to-output ratio G/Y , the real interest rate r = R/Π with trend inflation normalized Π = 1, and1215

the median deposits-to-income ratio. With these targets, we directly obtainG andM . The following discussion1216

shows how we calibrate κ0 and XU .1217

First, we have an initial guess of (κ0, XU , T ). The consolidated fiscal and monetary budget constraint1218

implies that1219

G+ (R− 1)M + (1 + ρqB − qB)Bm = T. (36)

For any given T , we obtain Bm = [T − (R− 1)M −G] /(1 + ρqB − qB); using (33) gives XE . In addition,1220

since the level of total debt satisfies B = Bm +Bcb, B is given by1221
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B = Bm +Bcb = Bm +M
(1−R)

qB − (1 + ρqB)
.

Second, notice that we now have (T , R, XE), and we can follow the strategy specified before to calculate1222

other steady-state equilibrium objects.1223

Finally, to hit the steady-state labor supply H , the median deposits-income ratio, and the real interest rate1224

r = R/Π = R, the initial guess is adjusted such that the equilibrium features the median deposits-income1225

ratio, as well as that the labor market clearing condition (32) and the reserve market clearing condition (34) are1226

satisfied.48
1227

Remark: If the model has adjustment costs, then the ratio of the total adjustment cost Ψ to the total1228

withdrawals X will be used to target percentage adjustment cost (e.g., 10%). As explained before, we do not1229

need to specify the adjustment cost function because we can replace XE and XU by X̃E = XE − ωEΨ(XE)1230

and XU − ωEΨ(XE) and add total adjustment cost Ψ to the right-hand side of ((36)).1231

C.3 Estimation result1232

The estimation procedure used in the main text is standard. We use the (log) linear representation of the model1233

around the deterministic steady state (which is determined by parameters discussed in the main text). Then, we1234

express the model implied growth rates of real output, the government-spending-to-output ratio, the deposits-1235

to-output ratio, and year-over-year CPI inflation. We then write the model in Kalman filter form, and we use1236

the observed data49 to estimate the parameters governing the exogenous processes and the realization of the1237

innovations in the exogenous processes via Maximum Likelihood.1238

The estimated parameters are the following. The smoothed shocks (the best estimates for the shocks given1239

the whole set of observations) are used to generate Figure 8.1240

Table 4: Estimated parameter values.

Parameter Description value std. error t-statistic
σε st.dev. cost push innovation 0.3769 0.0481 7.84
σA st.dev. TFP innovation 0.0289 0.0037 7.76
σG st.dev. G innovation 0.0078 0.0010 7.76
σzQE st.dev. QE innovation 0.1219 0.0194 6.28
ξ̃QE
Y QE coef. output -1.9070 0.5023 3.80
ξ̃QE
Π QE coef. inflation -0.0965 0.0467 2.07

Notes: The persistent parameters are set to λε = λA = λG = λzQE = 0.9. Other parameters have been estimated using
Maximum Likelihood. See the main text and Appendix A for a description of the data series and the sample period.

D Robustness and extensions1241

In this part, we consider different assumptions on liquidation of mutual fund wealth, together with various1242

assumptions on the behavior of fiscal policy.1243

48Equation (35) is not used here as we have used the consolidated fiscal and monetary budget constraint already.
The households’ budget constraints and the consolidated government budget constraint imply the goods market clearing
condition (35).

49The growth rate data are demeaned by the sample average from the recession date 2007Q4 until 20015Q4 because
of the application of QE to the financial crisis.

12



D.1 Richer distribution of withdrawals.1244

We consider an alternative setup under which we obtain a richer distribution of withdrawals. This distribution1245

connects to the distributions of consumption and liquid wealth, which move endogenously over time.1246

In order to achieve this, we specify the adjustment cost as a utility cost rather than as a tax in the budget
constraint. The first-order condition would become (again using λt(i) = 0 according to AppendixB.3):

UC,t(i) = Ψ′(Xt(i)).

In this case, there would be a richer distribution of withdrawals which is connected to the time-varying distri-1247

bution of consumption. But still, withdrawals do not depend on At(i), and hence tractability is preserved. Note1248

that in this case, one does have to take a stand on the adjustment cost function, however.1249

To proceed, we specify the following adjustment cost function, this time specified in units of utility:1250

Ψ(X) = γ1X +
(X/γ2)1+γ3

1 + γ3
, for X ≥ 0,

and note that in this case the function is the same for the employed and the unemployed, as it is no longer a tax.1251

We fix γ3 = 5 (and experiment with different parameters) then re-calibrate the model parameters, targeting the1252

same steady-state statistics as in the baseline. We obtain γ1 = 3.9658 and γ2 = 0.1323, which replaces the two1253

calibrated withdrawal levels in the baseline calibration.1254

Figure 13: Model with alternative adjustment cost: steady state.
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Notes: the mutual fund withdrawals in equilibrium range from 0.031 to 0.118.

In the steady state, mutual fund withdrawals are between 0.031 for the long-term employed (who have1255

the highest consumption levels) and 0.118 for the long-term unemployed ( who have the lowest consumption1256

levels). The left panel of Figure 13 plots the adjustment cost function, whereas the middle panel plots the1257

relation between consumption and withdrawals. The right panel plots the distribution of withdrawals. There is1258

now a distribution of withdrawals which is directly related to the distribution of consumption. As anticipated,1259

households with higher levels of consumption withdraw less from the mutual fund. Importantly, withdrawals1260

move over time, as consumption fluctuates.1261

We now compare the macroeconomic effects of a QE shock in the model with the alternative adjustment1262

cost to the responses in the baseline model. Figure 14 shows that responses are most similar in the two versions1263

of the model.1264
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Figure 14: Responses to a QE shock: robustness w.r.t. mutual funds.
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Notes: the case with mutual funds paying dividends is identical to the baseline.

D.2 Mutual-fund dividends1265

So far, the mutual fund withdrawal, Xt, is either exogenous or chosen by the households. We now consider1266

another version of the model in which instead the mutual fund decides on Xt, now best thought of as a liquid1267

dividend payout. Specifically, the manager of the representative mutual fund now decides actively on the payout1268

policyXt. For comparability, the gap between the withdrawalsXU
t −XE

t = µ is kept the same as in the baseline1269

(or because of adjustment cost), but now the fund’s payout policy will affect the levels of XU
t and XE

t . With1270

this alternative assumption, part of the liquidity created by QE can be directly transferred to households via1271

mutual funds.1272

The mutual fund manager maximizes
∑∞

t=0 β
tXt subject to a sequence of (7) by choosing Xt and Bm

t in1273

each period. The first-order condition for government bond holdings imply that:1274

qBt = βEt
1 + ρqBt+1

Πt+1
. (37)

Equation (37) implies that the manager will adjust the net outflow Xt freely, and QE policy is likely to induce1275

her/him to increase the outflow from the fund directly, which pushes up aggregate consumption demand from1276

households.1277

It turns out that the macroeconomic responses in this version are precisely the same as in the baseline,1278

see Figure 14. It can be shown that in this version, X increases somewhat upon impact whereas T falls (not1279

plotted). Importantly, the response of X − T is precisely the same as in the baseline, generating identical1280

reactions of inflation, output, and real wage. This finding follows from the result proved in Appendix B.4. We1281

also experimented with the possibility of dividend smoothing by making the manager’s utility function concave,1282

similar to the idea of adjustment cost discussed before; again, the impulse response functions are identical.1283
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D.3 Fiscal policy1284

We now check for robustness with respect to assumptions made on fiscal policy, by comparing the following1285

three versions of the model:1286

1. The baseline with a fixed mutual-fund payout Xt;1287

2. The “constant T, Flexible G” case. A version with both a fixed mutual-fund payout and a fixed tax (i.e.,1288

T is kept the same as in the steady state). In this version, government expenditures (G) adjust to balance1289

the government budget;1290

3. The “B rule” case. The baseline, but with a rule for real government debt given by B/B = (Y/Y )ς ,1291

where B and Y are the steady-state levels of respectively government debt and output. Taxes adjust1292

to balance the government budget. Government expenditures are kept fixed. We set ς = −0.5 (i.e., a1293

countercyclical debt policy) for an illustration.1294

Figure 15: Responses to an expansionary QE shock: robustness w.r.t. fiscal policy.
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Figure 15 shows the responses to a QE shock. As a general observation, note that a positive QE shock1295

stimulates aggregate output and inflation in all cases.1296

In the baseline, T falls on impact, followed by an increase. Intuitively, in the initial period the mutual funds1297

try to replace debt sold to the Fed with new debt. This reduces borrowing costs for the government, allowing1298

for lower taxes. In subsequent periods, QE is gradually reversed. This means that the demand for government1299
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debt by the mutual funds falls below the steady state, which increases borrowing costs for the government. As1300

a result, taxes must rise.1301

In the second version (“constant T, flexible G”), we keep the taxes constant and let government expenditures1302

adjust. There is a short-lived rise in G, followed by a contraction. The stimulative effect on output and inflation1303

is greater than that in the baseline on impact, but is shorter-lived. Finally, version 3 (“B rule”) is the baseline1304

but with a rule for government debt. Responses are similar to the baseline. The effect on output is somewhat1305

more muted early on, but also more persistent.1306

E Other unconventional policies1307

We consider two popular proposals of unconventional policies: Helicopter Drops and Forward Guidance.1308

E.1 Helicopter Drops (HD)1309

In this part, we compare QE to an alternative policy measures, known as a helicopter drop. Helicopter money is1310

a theoretical and unconventional monetary policy tool that central banks use to stimulate economies. The term1311

helicopter money is attributed to Milton Friedman, while former Federal Reserve Chairman Ben Bernanke later1312

popularized the notion. Helicopter money involves the central bank supplying large amounts of money to the1313

public, as if the money was being scattered from a helicopter.1314

A money-financed tax cut is essentially equivalent to Friedman’s “helicopter drop” of money. Helicopter1315

drop in our model is then an expansionary fiscal policy through a lower tax T , that is financed by an increase in1316

reserves and thus deposits. We therefore impose the following helicopter policy restriction1317

Bcb
t = 0.

Since the government targets a constant level of debt, the only way to finance the tax cut is through money/reserve1318

finance in the initial period, besides the revaluation of government debt by variations in inflation, due to general1319

equilibrium effects.1320

It turns out that the economic dynamics exhibit indeterminacy if we let the central bank target a certain1321

interest rate rule. Therefore, we let the central bank actively set interest rates, i.e., ξRΠ and ξRY are not constrained1322

at zero. One can view this type of policy as a conventional monetary policy without the constraint on the amount1323

of reserves but with the constraint of the amount of government debt held by the central bank.1324

Figure 16 compares HD policy with QE. Both types have the same path for real reserves, but HD policy has1325

a much smaller initial impact on the aggregate while generating only slightly more persistent effect on output.1326

Interestingly, inflation never drops below zero, which means that the price level is permanently higher in the1327

long run, and the nominal quantity of reserves/deposits is also permanently higher, reflecting the quantity theory1328

of money by Friedman. To understand the smaller impact of HD, note that one can view reserves as another1329

form of debt owed by the consolidated government of the treasury and the central bank. The tax cut is initially1330

funded by more reserves, which implies that a tax increase in the future is needed to pay back the debt. QE,1331

on the other hand, substitutes reserves for long-term government debt, and does not directly imply a significant1332

or any tax increase in the future (although there are tax implications via equilibrium effects on the government1333

budget constraint).1334

Although more work on HD policy could certainly be done, our conclusion is that determinacy is far from1335

guaranteed under this policy, and also that its aggregate impact might be relatively small, compared to QE.1336
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Figure 16: Responses to a Helicopter Drop.
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Notes: responses to a Helicopter Drop shock compared to quantitative easing.

E.2 Forward Guidance1337

Among unconventional policies, another alternative to QE is Forward Guidance: an announcement about mon-1338

etary policy in the future. In the standard NK model without QE, Forward Guidance is an extremely effective1339

policy once the zero lower bound on the nominal interest rate binds. In fact, macroeconomic responses to For-1340

ward Guidance turn out to be so enormous that they might call into question the basic tenets of the NK model,1341

see Del Negro et al. (2012).1342

To address this puzzle, McKay et al. (2016) revisit the effects of Forward Guidance in an incomplete-1343

markets NK model (without QE). They show that the output response to a five-year-ahead announcement is1344

dampened substantially, relative to a representative-agent version of the model. Nonetheless, the effects of1345

Forward Guidance remain large in comparison to empirical evidence, as presented for instance in Del Negro et1346

al. (2012). Hagedorn, Luo, Mitman and Manovskii (2017) consider an incomplete-markets NK model with a1347

target for nominal expenditure growth and show that the effects of Forward Guidance are much smaller.1348

We explore the effects of Forward Guidance in our model, with a QE policy on the part of the central bank.1349

For transparency, we assume that a QE rule with Real Reserve Targeting is in place, i.e. we set ξQEΠ = ξQEY = 0.1350

We then consider a pre-announced decline in the nominal interest rate of 50 basis points (corresponding to1351

about 2 percentage points on an annualized basis) which lasts for one quarter. During all other periods, the net1352

nominal interest rate remains fixed at zero. We consider a Forward Guidance announcement two years ahead,1353

and another one five years ahead.1354

Figure 17 shows the effects of the two Forward Guidance shocks. The figure shows that once the nominal1355

interest rate is actually reduced, there is a strong decline in the real interest rate. During the quarters leading1356

up to the implementation there is a small expansion in output, followed by a minor contraction after the im-1357
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Figure 17: Responses to a Forward Guidance shock.
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Notes: responses to a forward guidance shock, reducing the quarterly nominal interest rate by 50 basis points for one
quarter, and announced 2 or 5 years ahead. Responses were computed in the model version with QE, setting
ξQE
Π = ξQE

Y = 0, and letting the nominal interest rate Rt vary with the forward guidance shock, starting from Rt = R.

plementation. Importantly, the output increase in the initial period of the announcement is almost negligible.50
1358

The impact response of the real interest rate (and hence inflation) is also extremely small. Moreover, the initial1359

responses are declining in the announcement horizon. Finally, the lower right panel of Figure 17 shows that,1360

interestingly, the price of long-term debt falls slightly initially (because less resource from mutual funds is1361

used for buying government bonds given fixed withdrawals and countercyclical dividends), and then increases1362

strongly once the interest rate is actually cut.1363

We thus conclude that once we account for incomplete markets and QE policy, the effects of forward1364

guidance on output and inflation are no longer puzzlingly large. Rather, they are close to negligible. An1365

implication of this finding is that, in comparison, QE stands out as the more effective stabilization policy with1366

incomplete markets, at least when the nominal interest rate is immutable in the short run.1367

50The output response is less than 0.04 percent. Putting this number in perspective, McKay et al. (2016) report an
initial output increase of 0.25 (0.1) percent under complete (incomplete) markets, in response to a forward guidance shock
to the real interest rate of 50 basis points, 20 quarters ahead.
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