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Abstract

A remarkable feature of the current great recession is an upward shift in

the trend of the proportion of households leaving the labour force due to

schooling. Using an endogenous growth model with agent’s time allocation

between work, leisure and schooling, I argue that the quantitative easing

might have contributed to this upward trend in addition to a decline in

TFP. Although a growing literature analyzes the macroeconomic effects of

the present quantitative easing (QE), little efforts have been directed to un-

derstand the effects of this QE on household’s time allocation between vari-

ous activities and the consequent labour force participation decision. I show

that QE is an unconventional disinflationary way of generating seigniorage

revenue which imposes an adverse wealth effect on the household. In re-

sponse, to this negative wealth shock, households reduce their leisure time.

If the government spends seigniorage revenue on TFP enhancing projects

such as education, agents will divert the freed up time more to schooling

and drop out from the labour force. A Bayesian estimation of my DSGE

endogenous growth model with the US data lends support to the model

predictions.



1 Introduction

Quantitative easing (QE) means large scale asset purchase by the Central

Bank (CB) from the private sector. Such a policy aims to inject liquidity

into the private sector with a hope to promote growth in the economy with a

stable inflation target1. In the US, the result of this operation was a massive

increase in bank reserve. Between January 2007 and March 2013, reserve in

the Fed’s balance sheet increased from $12 billion to $1748 billion and since

October 2008. Similar quantitative easing policy has been implemented in

other countries including UK, Japan and India.

The essence of this QE policy is that the Central Bank essentially per-

forms the role of a financial intermediary of making maturity transformation

of assets from long to short. A rapidly growing literature analyzes the effi -

cacy of such a role of CB. Williamson (2012, 2013) argues that QE has no real

effects because the private intermediaries can also perform similar maturity

transformation. Gertler and Karadi (2011) use a new Keynesian model with

agency problems facing the banks and argue that Central Bank by relaxing

the loan constraint facing the private intermediaries could generate real ef-

fects. In a recent paper Wen (2013) uses a standard representative agent

model to explain why QE may fail to have the desired aggregate effects.

Although a lot of debate took place whether QE has any real effects on

the economy, hardly any effort is directed to understand how this present QE

could potentially impact growth and inflation via its effect on agent’s time

1The present QE is not just helicopter drop of money. It involves a change in the

asset composition of the Central Bank that undertakes open market operation. While the

growth effect of a helicopter drop of money is well understood (Chari et.al., 1995, Haslag

(1998), Basu (2001), Basu et al. 2012), such growth effects of the present QE are less

understood which is the main theme of this paper.
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allocation between work, schooling and leisure. That QE could have poten-

tial effect on investment in human capital is a topic that has not received

much attention in the literature. The issue is empirically relevant because a

noteworthy feature of this great recession is a sharp increase in the number

of people joining schools. Current Population Survey (CPS) lists a category

called "in school" which increased by 64.2% during 2007Q1-2013Q4. Fur-

ther disaggregation shows that young (16-24) increased by 57.0%, middle

aged (25-54) increased by 107.4%, and old (55-above) rose by 33.3%.2 Sim-

ilar evidence is found by Hotchkiss et al. (2012) who document that there

is a remarkable upward shift in the trend of the share of people who report

"schooling" and "others" as a reason for leaving the labour force. They ar-

gue that this upward shift in schooling is possibly due to lower opportunity

cost of schooling.

It is not unusual that people spend more time at school in most major

recessions. This could happen because nonavailability of jobs could raise

the opportunity cost of job search compared to joining school or training

programme for retooling. However, what is special about this great recession

is also a vigorous launching of an unconventional monetary policy known as

QE. The present paper argues that QE is an unconventional disinflationary

way of generating seigniorage revenue from the household which reinforces

the adverse wealth effect suffered by the household during this recession. In

2Data were compiled from Current Population Survey (CPS). There are number of rea-

sons why a person could drop out of the labour force. CPS provides four broad categories

of non-participation, namely discouraged workers, retirement, disability and "in school".

CPS released the number of people in school who are not discouraged and also want a

job. In other words, people who are in school have made a decision to stay at school

rather than looking for a work. This sample comes closet to my model where agents make

decision about schooling vs work based on cost benefit calculation.
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response to a QE shock alone, households cut back their leisure time and

spend more time at school and also at work. To the best of my knowledge,

this human capital transmission of QE is not explored in the literature yet.

.

Since time allocation and its effect on human capital is crucial in the

present setting, I use a monetary endogenous growth model as a workhorse.

The QE is modelled as a stochastic open market operation by the CB which

buys government bonds and loans from the banks by injecting bank reserve

with a gradual phasing out strategy. The QE variable is summarily repre-

sented by the ratio of Central Bank’s reserve balance to the federal debt held

by the public. The motivation for choosing this ratio as a QE policy variable

comes from the following quote of Ben Bernanke in his stamp lecture at LSE

in 2009:

"..... in a pure QE regime, the focus of policy is the quantity of bank reserves,

which are liabilities of the central bank; the composition of loans and securities on

the asset side of the central bank’s balance sheet is incidental. Indeed,although

the Bank of Japan’s policy approach during the QE period was quite multifaceted,

the overall stance of its policy was gauged primarily in terms of its target for bank

reserves. In contrast, the Federal Reserve’s credit easing approach focuses on the

mix of loans and securities that it holds and on how this composition of assets

affects credit conditions for households and businesses. ......"

This quote aptly demonstrates that the change in the liability/asset ratio

of the CB is quite a crucial feature of the US QE policy. In the model that I

describe later, this ratio pins down the asset composition of the commercial

banks in the economy. Higher reserve to bond ratio raises the loans to

deposit in the commercial bank balance sheet as in any textbook money
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multiplier and could have potential effects on the economy.3

I analyze the macroeconomic effects of QE by assuming that the CB

draws persistent shock from a stationary distribution governing the reserve

to public debt ratio. The underlying assumption behind this formulation

is that while pursuing QE, the CB has a steady state ratio of bank reserve

to public debt in mind and gradually achieves this steady state by its slow

phasing out strategy. This hypothesis is not unreasonable given that the US

Federal Reserve has recently declared a strategy of tapering off the QE. QE

can be thus viewed as a persistent positive shock to this ratio which reverts

in the long run to some steady state. This mean reversion of money:debt

ratio basically means that the Fed has a credible phasing out strategy for

QE.

To analyze the growth and inflationary effects of QE, I consider a dy-

namic stochastic general equilibrium (DSGE) growth model with minimal

frictions. The only friction that I introduce in my model is a banking fric-

tion in the form of a statutory reserve ratio which makes monetary policy

non-neutral. Physical capital is fully intermediated by a banking system

which is subject to a fractional reserve ratio requirement. A statutory re-

serve ratio drives an inflation tax wedge between real return on loan and

real return on deposit. Such a mandated reserve ratio makes the monetary

policy nonneutral and it also connects the fiscal deficit and the resulting

Central Bank’s capital structure to the inflation rate via a unified govern-

ment budget constraint. As a result, my model also gives rise to a fiscal

theory of inflation.

The growth model developed in this paper predicts that a positive QE

3For simplicity, I leave out CB’s purchase of mortage backed security.
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shock lowers leisure time, increases time to school and work. Schooling time

increases more than work because the opportunity cost of staying longer at

school than at work is lowered following QE intervention. On the demand

side, even though QE is intended to inject more liquidity in the banking

system to promote lending, QE crowds out physical investment and con-

sumption because of the adverse wealth effect of QE dominates.4

Throughout this paper, I assume that the government spends this QE

augmented seigniorage revenue productively to boost the total factor pro-

ductivity (TFP). TFP is modelled as effective labour or human capital which

endogenously driven by agent’s time allocation decision. The productive

use of government spending appears in the literature starting from Barro

(1980).5

The model makes several contributions to the recent emerging literature

on unconventional monetary policy. First, to the best of my knowledge this is

the first attempt to integrate quantitative easing in a monetary endogenous

growth model. Second, there is hardly any paper which demonstrates the

adverse wealth effect of QE on agent’s time allocation and the resulting

labour force participation. Third, my model suggests that the QE in its

4 I make a simplifying assumption that banks fully intermediate capital and hold zero

excess reserve. Such an assumption may be at odds with the data because during the great

recession many banks were holding a lot of excess reserve. nevertheless, I make such a

simplifying assumption to highlight the fact that even though banks intermediate capital

fully, investment in physical capital may fall because of the distortionary adverse wealth

effect of QE due to its seigniorage feature.
5Since Barro’s seminal work, several papers use this feature of productive government

spending. Basu (2001) considers a scenario where the seigniorage revenue is productively

spent by the government. Basu and Bhattrai (2013a) add government purchase in the

human capital technology as in the present setting.
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present form of a gradual exit could have a deflationary consequences in

both short run and long run, which has not received much attention in the

literature.

The paper is organized as follows. In the following section, I explain

how I model the QE operation with a gradual phasing out strategy. In

section 3. I develop an endogenous growth model with the banking sector

and the government. Section 4 reports model and estimation simulation

results. Section 5 concludes.

2 Modelling QE

The quantitative easing is modelled as a persistent open market purchase

of government bonds financed by reserve injection. At date t such an open

market operation means the following restriction on the time paths of money

and bonds:

(Mt+1 −Mt) + (Bt+1 −Bt) = 0 (1)

where Mt is the CB’s reserve balance (which I call money interchangeably

hereafter) and Bt is the stock government bonds at date t. Let the CB set

the time path of reserves as follows:

Mt+1 = (1 + µt)Mt (2)

where µt is the proportional growth rate of money at date t. Plugging (2)

into (1), one gets the following process forMt/Bt which is the key QE policy

variable:

Bt+1
Mt+1

=
1

1 + µt
.
Bt
Mt
− µt
1 + µt

(3)
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The process for µt depends on the CB’s exit or continuation strategy for QE

to which I now turn.

I model QE policy as a mean reverting process forMt/Bt which basically

means that the CB gradually stabilizes reserves by phasing out QE as it is

presently happening now. In other words, the CB slowly phases out this

QE operation with a target. M/B in mind. Such a strategy signals that

the CB has an intention to stabilize reserve at some point. Such a gradual

withdrawal from QE has already started taking place in the US.6In practice,

the CB has a package of balance sheet instruments to drain out reserves from

the banking system including reverse Repo operations.7 Without getting

involved in those complications, I simply posit the following mean reverting

process for M/B to formulate QE with gradual exit:

Mt+1/Bt+1 = (1− ρmb)
−

M/B + ρmbMt/Bt + ξ
mb
t+1 (4)

ξmbt+1 is an iid QE shock with a variance σ
2
mb and ρmb (∈ (0, 1)) is the serial

correlation to the QE process. The greater the size of ρmb, agents perceive

that the QE will be more persistent. The implication of such a process is that

the Fed draws QE shocks with a view to target the balance sheet composition

at
−

M/B. The variance of the QE shock, σ2mb measures the credibility of the

phasing out process of QE. If σ2mb equals zero, then it means that the CB

tapers off QE to reach the target
−

M/B with full credibility.

6 Initially Fed was purchasing 85 billions dollars worth of assets from the private sector

every month has now gone down to 52 billion.
7There are various operational porcedures to stabilize reserve. Recently FOMC has

been authorized a range of flexibilities to conduct open market operations which include

repurchase agreements operations (repos) and reverse repurchase agreement operations

(reverse repos). This is known as "operational readiness" of the Fed. See the 2012 annual

report of open market operations published by the Board of Governors.
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Given the process (4), the immediate implication is that the money

growth rate µt has to adjust to any increase in
Mt
Bt

from the target capi-

tal structure
−

M/B. In other words, such a policy rule means that 8:

µt =
(1− ρmb){(

−
M/B)(Bt/Mt)− 1 + εmbt+1(Bt/Mt)}

1 + {(
−

M/B)(1− ρmb) + ρmb(Mt/Bt) + εmbt+1}
(5)

The implicit assumption is that the CB knows the shock εmbt+1 while setting

the growth rate of bank reserve between t and t+1.

2.1 QE is deflationary in the long run

I now show that if the CB deterministically phases out QE and arrives at

a target capital structure
−

M/B, .QE is deflationary in the long run. To

show it set εmbt+1 equal to zero in (5) which means that the CB arrives at its

steady state target with full credibility by gradually tapering off the bond

purchase operation. It immediately follows from (5) that the steady state

money growth µ = 0.

If we have an economy with a positive balanced growth rate where real

macro (level) variables including the real bank reserve grow at a constant

positive rate γ, the steady state inflation rate (π) is given by:

1 + π =
1 + µ

1 + γ

Since the long run money supply growth rate is zero, it follows immediately

that 1+π = 1/(1+γ).Thus a QE with a credible phasing out strategy means

long run deflation in a growing economy.

8Equate the right hand side of (4) to the inverse of the right hand side of (3) and solve

for µt to get the result.
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To analyze the short run effect of a QE shock with uncertainty about

its phasing out (σ2mb > 0), one requires a structural DSGE growth model to

which I turn now.

3 ADSGE growth model with Intermediated Cap-

ital

3.1 Households

The model builds on Basu (2001) and Haslag (1998). The household’s prob-

lem is similar to Basu, Gillman and Pearlman (2012). The representative

household receives utility from consumption (ct) and leisure (xt) Out of one

unit of time, lGt is spent on working for the goods sector, lHt for schooling

which augments human capital, and the remaining time (xt) is spent on

leisure. The effective labour lGtht and physical capital kt produce goods

with a Cobb-Douglas technology:

yt = AGtk
α
t (lGtht)

1−α (6)

where 1 < α < 1 , kt is the stock of physical capital and and AGt is an

exogenous total factor productivity shock which follows the following mean

reverting process:

AGt+1 = (1− ρG)
−
AG + ρGAGt + ξ

G
t+1 (7)

with 0 < ρG < 1,
−
AG > 0 and ξGt+1 is a a white noise with variance σ

2
G.

In addition to working for the firm, the household member spends a

fraction of time (lHt) in home production such as child care or schooling

which augments her human capital via the technology
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ht+1 = (1− δh)ht +AH(lHtht)1−ϑGϑt , (8)

0 < ϑ < 1

where the fractional rate of depreciation of human is δh, Gt is a government

provided input which complements the private effective labour lHtht. This

technology of human capital formation is similar to Basu and Bhattarai

(2012) where {AH} is an exogenous investment specific technology para-

meter that augments the productivity of investment in human capital. The

parameter, ϑ is the government externality in the education sector which I

call government bias in schooling following Basu and Bhattarai. The public

sector externality is a crucial feature of this model. The implicit assump-

tion is that the government spending on education or schooling has positive

effects on pupil’s cognitive skills which augments nation’s human capital.

This is a stylized fact that has been documented by Basu and Bhattarai

(2012).9 The human capital is thus augmented by the household’s time to

schooling and the government bias in education. This human capital is sole

engine of endogenous growth in this model.

At date t, the household earns nominal income from supplying labour to

the firm at a market wage rate Wt and from nominal saving deposits (Dt)

which pay a deposit rate iDt .Household owns firms and banks in the economy.

The net cash flows of banks and firms appear as a lump sum transfer (TRt)

The nominal flow of income is spent on an aggregate consumption basket ct

at a nominal price Pt and new deposits Dt+1.

9Using panel cross country regression, Basu and Bhattari (2012) estimate the correla-

tion between public spending on education and pupil’s cognitive skills and find that it is

signficantly positve.
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The representative household thus solves the following maximization

problem:

Max Et

∞∑
s=0

βs [u(ct+s) + ψv(xt+s)] (9)

s.t. Pt+sct+s +Dt+s+1 = (1 + iDt+s)Dt+s +Wt+slGt+sht+s + TRt+s(10)

s.t. (8) and lGt+s + lHt+s + xt+s = 1

The first order conditions written in real form are as follows:

Dt+1 : u′(ct) = βEtu
′(ct+1)(1 + r

D
t+1) (11)

lGt : v
′(xt) = λtWtht (12)

lHt : v
′(xt) = ηtAHt

and

ht+1 : q
w
t u
′(ct) = βEtq

w
t+1.u

′(ct+1).(1−δh+MPHt+1)+βEt(u
′(ct+1)lGt+1.

Wt+1

Pt+1
(13)

where λt is the lagrange multiplier associated with the flow budget constraint

(10) and ηt is the lagrange multiplier to the human capital technology (8),

qwt equal to ηt
λtPt

is the marginal cost of investing in education evaluated

in terms of the foregone market wage. qwt can be thought of as the Tobin’s

marginal q of an employed worker. 1+rDt+1 is the gross real return on deposit

equal to (1 + iDt+1)(Pt/Pt+1).

The first order condition (11) is the standard Euler equation for saving

deposit of the household. Equation (13) is the Euler equation for investing

in human capital which equates the utility cost of investing one unit of

human capital with the discounted utility benefit which includes flow real

wage next period lGt+1.
Wt+1

Pt+1
from working in the goods sector and the gross

return, (1− δh +MPHt+1) from the outstanding stock of human capital. .
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3.2 Firms

Each period competitive firms borrow capital from banks paying the real

user cost rLt +δ. The borrowed capital and the effective labourlGtht produce

output via the production technology (6). Wages and user cost of capital

are equated to the marginal product of effective labour in the goods sector

(MPHG
t ) and marginal product of capital, MPKt as follows:

wt =MPHG
t =

(1− τ)(1− α)yt
lGtht

(14)

rLt + δ =MPKt = (1− τ)
αyt
kt

(15)

3.3 Banks

Competitive banks take deposits from households and make loans to firms

with costless intermediation. Banks also hold government bonds that pays

a nominal return ibt .
10 Besides long term government bonds, banks hold two

more assets namely, loans to nonfinancial firms, and bank reserve, Mt. The

nominal interest rates on such bank reserve is iR statutorily fixed by the

Central Bank. In the present US system, this interest rate (which equals

0.25%) roughly determines the short term nominal interest rate.11

10Without loss of generality, one can treat these government bonds as consols as in

Gertler and Karadi (2012) which pay one dollar per period in perpetuity. Let the nominal

price of such bond is Qb
t . The nominal one period yield on such long bonds is thus given

by 1 + ibt = (1 +Q
b
t+1)/Q

b
t where Q

b
t is the nominal price of a consol which is determined

in equilibrium.
11Since short term government bonds and reserve are near perfect substitutes paying

almost the same return in the US (about 0.25%) , I put them together and label it as Mt

.
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Banks are subject to a legal requirement to hold a minimum fraction

(ε) of deposits as reserve. This bank reserve is the high powered money in

the economy. Besides this reserve requirement, there is no other reason for

the existence of money in this model. A representative bank thus solves the

static maximization problem:

Max πbt = (1 + i
b
t)Bt + (1 + i

L
t )Lt + (1 + i

R)Mt − (1 + iDt )Dt (16)

s.t.

Balance Sheet Constraint :Mt + Lt +Bt = Dt (17)

Legal Reserve Requirement :Mt ≥ εDt (18)

Bank’s cash flows are written in nominal terms to see the effect of gov-

ernment’s bond purchase on bank’s balance sheet. Lt is the dollar amount

loaned at date t, Bt =dollar invested in long term government bonds and

Mt =reserve held at date t. iLt .i
b
t and i

R are one period nominal interest

rates on loans, bonds and bank reserves.

Eq (17) is the bank’s balance sheet constraint and (18) is the reserve

requirement. Assuming that iR is very small compared to bond and loan

return, I assume that the reserve requirement holds as a binding constraint

which means that banks do not hold any excess reserve and loan to the

maximum which means that (18) holds as equality.12In other words,

12This assumption is at odds with the reality where banks indeed hold a lot of excess

reserves and may invest in risky assets in an environment with government bail outs. I do

not bring this friction in the present setting. In my setting, even though banks loan to the

maximum extent, in equilibrium investment rate still responds negatively to QE because

of the adverse wealth effect suffered by the households.
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Max πbt = (1 + i
b
t)Bt + (1 + i

L
t )Lt − {(1 + iDt )− ε(1 + iR)}Dt

s.t.

Mt + Lt +Bt = Dt

It is easy to verify that banks reshuffl e bonds and loans until the arbitrage

condition, ibt = iLt holds. All loans are fully intermediated, Lt = Ptkt, and

household owns the banks and firms. Thus the real return on household’s

deposit is a portfolio return on loans and reserves.

1 + rDt = (1− ε)(1 +MPKt − δk) + ε(1 + iR)(Pt−1/Pt)

The statutory reserve ratio (ε) and the interest rate on bank reserve (iR)

drive a wedge between loan rate and the deposit rate.

1 + rLt =
1 + rDt − ε(1 + iR)(Pt−1/Pt)

(1− ε) (19)

Use of (11), (??) and (19) shows how the reserve ratio finally affects

household’s asset return:

u′(ct) = βEtu
′(ct+1)[(1− ε)(1 +MPKt+1 − δk) + ε(1 + iR)(Pt/Pt+1)] (20)

Given that the household ultimately has ownership claims to banks and

firms, the return on its asset is a weighted average of return on capital and

bank reserve. As households accumulate deposit it gives rise to accumula-

tion of physical capital via bank’s intermediation. Everything else equal, a

higher anticipated inflation lowers the household’s asset return by lowering

the real return on its short term assets namely bank reserve. As in Chari

et al. (1995), Haslag (1998) and Basu (2001), the statutory reserve ratio
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thus inflicts an inflation tax on intermediated capital and lowers the real

return on capital if inflation rate is higher. In the absence of any reserve

requirement, (ε = 0) one gets a standard Euler equation. This bank reserve

channel is the principal transmission mechanism for monetary policy to have

a real effect on the economy.

Given the arbitrage condition ibt = iLt , the bank is indifferent between its

holding of bonds (Bt) and loans (Lt). The exact asset composition of banks,

Bt/Lt is thus indeterminate from the bank’s viewpoint. It is actually deter-

mined by the government budget constraint together with the QE policy to

which we now turn.

3.4 Government Budget Constraint

The government finances a stream of real spending (Gt) by taxes on output

at a flat rate τ , issuing nominal claims which consist of long term government

bonds and reserves.13 In other words,

3.4.1

PtGt = τPtYt +Bt+1 − (1 + ibt)Bt +Mt+1 − (1 + iR)Mt (21)

3.4.2 QE as a seigniorage tool

I show now that QE is a tool to generate seigniorage revenue and how it

could be potentially disinflationary. Plugging (1) and (2) in the government

budget constraint and rearranging terms one can rewrite the government

13 I treat bank reserve and short term government bond as near substitutes paying almost

the same return. This assumption is in accord with the present US monetary scenario.

Both bank reserve and short term bonds have a near equal nominal return of 0.25%.
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budget constraint in a real form as:

Gt = τyt − (ib + iR.(Mt/Bt))bt) (22)

where bt = Bt/Pt. We will next show that bt/ht is tied down by the open

market operation policy (Mt/Bt).

To see this first note that given the statutory reserve requirement, the

commercial bank’s balance sheet is subject to the following restriction

Mt =
ε

1− ε(Bt + Lt) (23)

which can be rewritten as:

bt
lt
=

1
1−ε
ε .(Mt/Bt)− 1

(24)

where lt the real loan amount, equal to Lt/Pt. Thus the statutory reserve re-

quirement (ε) and the extent of open market operation (Mt/Bt) by the Cen-

tral Bank uniquely characterizes the capital structure of the private bankers.

Next noting that lt = kt, (24) can be rewritten as:

bt
kt
=

1
1−ε
ε .(Mt/Bt)− 1

(25)

Plugging (25) into (22) one gets:

gt/yt = τ − [ibt + iR.(Mt/Bt)].
(kt/yt)

1−ε
ε .(Mt/Bt)− 1

(26)

Everything else equal, a rise inMt/Bt raises revenue for the government.

In this sense, QE is an alternative form of generating seigniorage revenue.

Notice that the increase in such seigniorage revenue is greater if the long

term interest rate ibt falls. The general equilibrium effects of such a QE on

ibt depends on how QE impacts inflation and the time allocation decision of

the household.
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3.4.3 Inflation

QE impacts the inflation via altering the capital structure of the banking

system. Equation (23) means that

Mt+1

Mt
=
Bt+1 + Lt+1
Bt + Lt

In other words, the growth of Fed’s nominal liability exactly balances the

growth of nominal privately owned assets. Using (25) and (2), and also

the fact that loans are costlessly intermediated to capital (lt = kt) one

immediately gets an inflation equation as follows:

Pt+1
Pt

= (1 + µt).
(bt/kt) + 1

(bt+1/kt+1) + 1
.
kt
kt+1

(27)

where bt/kt is pinned down by QE variable Mt/Bt as seen from (25). The

short run fluctuations of inflation is determined by the ratio of reserve to

public debt and thus it has a fiscal component to it. The dynamics of

inflation around the balanced growth path is nontrivial. To see it clearly use

(25) and (27) loglinearize around the balanced growth path setting (µ = 0)

to get:
ˆ

Pt+1
Pt

=
−ε
1− 2ε.

ˆ
Mt+1

Bt+1
−

ˆ
kt+1
kt

(28)

where ˆ represents proportionate change from the steady state value. The

first term is negative in (28) as long as ε < .5. A reserve injection may

raise or lower the inflation depending on how the QE impacts the capital

accumulation. The simulation reported later for the calibrated model shows

that QE is indeed deflationary. This is a feature of QE which makes it

different from a standard monetary injection in the form of helicopter drop

of money which always raises inflation.
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3.4.4 Central bank interest rate rule

I assume that the Central Bank adheres to a simple form of Taylor rule which

adjusts the short term interest rate around 25 basis points while satisfying

the zero lower bound. In other words,

iRt = max(0, 0.025 + φπ(Pt+1/Pt − 1) + φy(Yt+1/Yt − 1) (29)

where φπ > 0 and φy > 0.

3.4.5 Equilibrium

The equilibrium is characterized by the following conditions.

1. Facing {Wt}, {iDt }, {trt} the household determines {lGt}, {xt}, {Dt}, {ct}

that solves (9).

2. Facing {wt}, {rlt}, firms produce output yt and hires effective labour

lGtht which solves (14) and (15).

3. Facing {ibt}, {iLt }, {iR} banks determine {Lt},{Dt},{Mt},{Bt} that

solves (16).

4. The CB follows QE obeying the government budget constraint (21),

(4) and the interest rate rule (29).

5. Goods, labour, bond, stock and private loan markets clear.

4 Calibration and Bayesian Estimation

I report here the transitional dynamics of this model based on Bayesian

estimation. I fix a set of baseline parameters at their conventional values

widely used in the literature. I estimate the remaining parameters using

the principle of Bayesian estimation. The baseline parameters are fixed at

the following conventional levels: α = 0.36, β = 0.99. The depreciation
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parameters are set at δk = 0.03 and δh = .0245 following Basu et al. (2012).

The target CB balance sheet structure (
−

M/B) is fixed at unity. The flat rate

income tax τ is fixed at 0.2 with a view to target the share of government

spending in GDP around 20% as observed in the US data. The human

capital technology parameter AH and the steady state TFP
−
AG are fixed

at 0.08 and 1 respectively with a view to target the US growth rate during

1980Q1-2013Q4. The baseline US interest rate on reserve in (29) stayed at 25

basis points during the QE era and did not change. With this consideration

I set the interest rate policy responsiveness coeffi cients,φπ and φy equal to

zero. Table 1 summarizes the baseline parameter values.

Table 1: Baseline Parameter Values

β α δk δh τ
−
AG AH

−
M/B φπ φy

0.99 0.36 0.03 0.024 0.2 1.0 0.08 1 0 0

The remaining parameters are estimated by implementing a Bayesian

estimation routine with an MCMC algorithm with 5000 draws. There are

two shocks, namely the TFP shock, ξGt and a monetary policy (QE) shock,

ξmbt . Two observables are thus needed for launching the Bayesian estimation

routine. To this end, I used the real GDP growth rate and the ratio of Fed-

eral Reserve Balances to public debt in circulation as proxies for TFP shock

and the QE monetary policy respectively over the sample period 1980Q1-

2013Q2.14 Given that the primary focus of the paper is on the effect of QE

policy, question arises about the relevance of estimating the model over a

longer sample period. The basic assumption behind such an estimation is

14These two series are drawn from the Fed St Louis database. The appendix discusses

the details of all the relevant data series.
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that QE policy is a stationary policy embedded in a stationary model envi-

ronment. Such a stationarity assumption is questionable given that the key

QE policy variable, Mt/Bt underwent a major trend shift in 2008 following

the launching of QE (see Figure ). My stationary model has nothing to

say about this unprecedented shift in Mt/Bt. To preserve stationarity, I

run an AR(1) regression of Mt/Bt adding a time dummy for the QE period

2009Q1-2013Q2. The residual from this regression is used as a stationary

QE variable which is used as the observable.

.00

.04

.08

.12

.16

.20

80 82 84 86 88 90 92 94 96 98 00 02 04 06 08 10 12

Fed Reserve/public debt

Figure 1

About the reserve ratio parameter ε there is no clear consensus. Accord-

ing to Board of Governor’s website, the reserve requirement varies from 3

to 10%. However, banks have considerable latitude of circumventing this

reserve requirement through retail sweep programme (see, Anderson and

Rasche, 2001). In view of this, I estimated the reserve ratio parameter ε

setting 0.04 as the prior.

The human capital technology parameter ϑ represents the government

bias in education which is crucial in this model in determining the produc-
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tivity of seigniorage revenue. Basu and Bhattarai (2012) calibrate this using

cross country data and find that it averages around 0.47. Taking this as a

baseline, I set the prior for ϑ equal to 0.5.

Table 2: Bayesian Parameter Estimates, 1980Q1-2013Q4

prior mean post. mean 90% HPD interval prior pstdev

ρAG 0.80 0.79 (0.78,0.81) beta 0.01

ρmb 0.60 0.63 (0.63, 0.65) beta 0.01

ϑ 0.07 0.08 (0.06, 0.1) beta 0.01

ε 0.04 0.048 (0.03,0.06) beta 0.01

ψ 1.8 2.59 (2.08,3.28) invgamma inf

std error ξGt 0.01 0.04 (0.04, 0.05) invgamma inf

std error ξmbt 0.01 0.12 (0.10, 0.13) invgamma inf

Table 2 presents the Bayesian estimation of the relevant parameters. The

government bias in education ψ is .08 meaning that the government spending

complements human capital production by 8%. This is consistent with the

estimate of government bias parameter in Basu and Bhattarai (2012). The

reserve ratio estimate turns out to be 0.048 meaning a 4.8% reserve ratio

which is reasonable.

Figure 3 presents the plots of the prior and posterior distributions of

the estimated parameters. Except for the second order moments of M/B,

data are quite informative in determining the posterior for other parame-

ters which explains why their priors are far apart from the posteriors. The

multivariate diagnostics are plotted in Figure 4. Red line plots the within

variance of draws in each sequence and blue line plots the sum of the within
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variance in each sequence and between variances across sequences. It is de-

sirable that the within variance should settle down and the between variance

should go to zero. This means that the red and blue lines should come close

to each other. The model passes this diagnostics as seen in Figure 8.
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Fig 2: Priors and Posteriors
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Figure 3: MCMC Multivariate Diagnostics

Table 3 presents the summary statistics of steady state means of relevant
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endogenous variables based on the Bayesian estimation of the growth model.

The macro data for consumption, investment and government spending,

output growth and inflation are from the Fed St Louis database which are

explained in the appendix. Actual time to work (lG) is computed by dividing

the average weekly hours of work by 24 times 7 and then taking an average

over the entire sample period. This yields an estimated value of lG equal to

0.2. The estimate of leisure (x) came from Gomme and Rupert (2007). The

remaining time to schooling is thus 0.30. Given that the main focus of this

paper is on household’s time allocation between these three activities, the

model estimate of these three time allocation variables are remarkably close

to the data. Not surprisingly the model underestimates the consumption

share because of its closed economy nature. Investment and government

shares are slightly overpredicted. Actual real GDP growth rate is the average

of the quarter to quarter growth rate and so is the CPI inflation rate. The

model underpredicts the output growth rate for the whole sample. For the

great recession period the output growth rate is around 0.47% which is not

too far from the model based estimate. Not surprisingly the model predicts

a negative long run inflation rate consistent with the analysis in section 2.

Although the actual quarter to quarter average inflation rate is positive, it

is of a rather small magnitude.

Table 3: Steady State Distribnbution

x lG lH c/y i/y g/y y-growth Inflation

Model 0.46 0.15 0.38 0.58 0.22 0.18 0.35% -0.35%

Actual 0.50 0.20 0.30 0.65 0.16 0.22 0.66% 0.47%

Figure 4 plots the impulse responses of relevant endogenous variables
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based on the estimated parameters of the model with respect to a one stan-

dard deviation QE shock (to M/B). Government spending ratio (g/y) rises

which reflects the increase in seigniorage. The sharp decrease in inflation

echoes the unconventional disinflationary effects of QE. The interest rate

on government bonds decreases. Households as owners of these government

bonds experience an adverse wealth effect which contributes to a decline

in leisure time (x). Since the government spends these seigniorage revenue

productively on TFP enhancement, household uses the freed-up time from

leisure more at school than work. Time to schooling increases by three times

more than the time to work. This partly explains the decline in labour force

participation.

Both consumption and investment rates (namely ct/yt and it/yt) go down

significantly in response to a QE shock. This reflects the negative wealth

effect of QE as seen by a sharp increase in government share gt/yt. Lower

investment depresses the ratio of physical to human capital (kt/ht) which

raises the marginal product of capital. This explains why the output growth

rate rises. On the other hand, human capital growth rate increases in re-

sponse to more schooling.
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Fig 4: Impulse Response to a positive QE shock
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Fig 5: A positive QE shock (contd)

4.1 Why does a QE shock promote schooling?

Two opposing effects of QE shock are at work: (i) credit easing means

more loans to households, (ii) adverse wealth effect on household due to QE

augmented seigniorage. The latter outweighs the former effect which means

QE crowds out private investment. As a result of this crowding out effect

on physical investment the ratio of physical to human capital (kt/ht) falls.
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Everything else equal, a lower kt/ht raises the relative returns to schools vs

work (labeled as ret in the impulse response graph) . This can be easily

checked by computing the relative returns to schooling vs work, which is

the ratio marginal product of effective labour at school to work given by the

following expression:

ret =
(1− ϑ)νAH(G/h)ϑlαG
(1− α)AGt(k/h)αlϑH

(30)

The household reacts to this rise return to schooling by allocating more time

to schooling than work which explains why ret reverts back to its steady

state.

How does the household reallocate his time and resources in response

to a negative TFP shock? The question is relevant in the present context

because household member may as well spend more time to school when a

negative TFP shock hits the economy as in any major recession. Figure (.)

plots the impulse responses. Since real wage declines in response to a drop in

TFP, household increases leisure. The time to schooling also rises because a

drop in TFP enhances the relative returns to schooling vs work as seen from

(30). Investment drops while consumption rises because a decline in TFP

lowers the marginal product of capital. Inflation rises due to fall in current

final output production through a supply side channel. The fall in current

output boosts the prospective growth rate of output. Human capital also

grows faster as households devote more time to schooling.
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A negative TFP shock (contd)

4.1.1 What contributed to more schooling? Negative TFP shock

or positive QE shock?

A common effect of a positive QE shock and a negative TFP shock is in-

crease in schooling. Thus the question arises whether the observed rise in

schooling time during the great recession is due to an adverse TFP shock
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or a positive QE shock. Table (.) plots the variance decomposition of rel-

evant macroeconomic aggregates for two sample periods, (i) Pre recession

period: 1980Q1-2007Q4, (ii) post recession period: 2008Q1-2013Q4. It is

noteworthy that the monetary policy (M/B) explains at least 20% of time

to schooling and 57% of leisure as opposed to TFP during the pre reces-

sion period. These two proportions increased by nearly 10% during the QE

era. The variance decompositions of other macroeconomic aggregates re-

mains reasonably stable during these two subperiods. Thus the quantitative

easing hypothesis of rise in schooling is supported by my estimated DSGE

growth model.

Table 4: Variance decomposition of two shocks

1980Q1-2007Q4

x lG lH ygrowth hgrowth Infl SchRet

TFP 42.59% 97.42% 78.63% 97.01% 14.42% 1.63% 87.9%

M/B 57.41% 2.58% 21.37% 2.99% 85.52% 98.37% 12.90%

2008Q1-2013Q4

TFP 38.49% 97.47% 70% 97.37% 11.03% 1.32% 86.26%

M/B 68.51% 2.53% 30% 2.63% 88.97% 98.68% 13.74%

5 Conclusion

This paper is an exercise to understand the real effects of quantitative eas-

ing. I model the quantitative easing as a persistent open market operation

by the Central Bank where the CB sets a target capital structure for the
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banking system. To the best of my knowledge, my model is the first in the

literature which attempts to understand the macroeconomic effects of QE

in a monetary DSGE endogenous growth setting. I demonstrate that QE

is an unconventional disinflationary way of generating seigniorage revenue.

This seigniorage operation imposes adverse wealth effect on the household.

Given that the government spends the QE augmented seigniorage revenue

productively, in response to a positive QE shock the household cuts back

leisure, labour force participation and spends more time at school. QE thus

promotes investment in human capital and through this human capital chan-

nel it may potentially create a better climate for economic growth. Private

investment is, however, crowded out by a positive QE shock.

It is debatable whether the observed rise in schooling and lower labour

force participation during the great recession are attributable to a decline

in TFP or a positive QE shock. The variance decomposition based on my

Bayesian estimated DSGE model predicts that at least 20% of schooling

time and 57% leisure are accountable to the unconventional monetary policy.

The contribution of monetary policy to the variance of schooling time and

leisure increased by 10% during the great recession when QE was in force.

The US experiences during the QE period are broadly consistent with these

predictions.

I have abstracted from many thorny issues such as agency problems

facing the banks and other frictions such as price and wage stickiness. The

point of this paper is that even without bringing these frictions, QE may

have some real effects in a world where money is introduced in the form of

a simple friction such as statutory reserve requirement. Since I assume that

banks loan out all excess reserve, the model also cannot explain why banks

in fact held a lot of excess reserve during the QE period. This requires
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a careful modelling of bank’s portfolio decisions which could be a future

line of extension. Other frictions such as price stickiness and bank’s agency

problems can also be added to examine the implications of unconventional

monetary policy.

5.1 Data description

The reserve balances of Federal Reserve Banks and the total monetary base

of US are from the Board of Governors of the Federal Reserve System. The

source of the data of federal debt held by the public is US Department

of Treasury. The reserve balances is the amount of institutions’balances

in account at Federal Reserve Banks that are available to satisfy reserve

requirements, and the monetary base equals total balances plus currency

in circulation. All these data are provided by Federal Reserve Bank of St.

Louis (FRED). The frequency is quarterly based and I used end of periods’

values that are not seasonally adjusted.

The data of the number of schooling people in each age group are from

the Current Population Survey (CPS) of Bureau of Labor Statistics (BLS).

The data are for those who are not in the labor force but want a job. The

annual average data are used in this paper.

y
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