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1 Question

How does economy �uctuate with shocks to productivity and
liquidity?

! Want to develop a canonical model of monetary economy
in which money is essential for smooth running of the economy

What are the roles of monetary policy?



Example: 
Three dates: Dates 1, 2 and 3, homogeneous perishable goods at each date
Three types of agents : Type I, II and III
Type I consumes at date 1 and produces at date 3
Type II        ........       date 2 and         .…..        date 1
Type III       ………       date 3 and         ……       date 2

I
3

II                                                  III
1                                                   2

Lack of double coincidence over dated goods → How to coordinate?



A: Gift Exchange B: Arrow-Debreu (Promise Exchange )

I
3

Auctioneer

II                                                         III
1                                                          2

1 3

3

2

2

1

I
3

II                                             III
1                                              22

1 3

C: None can deliver the other’s product, e.g., service
III cannot commit to deliver date-2 goods
I’s commitment is Bilateral: I can commit to deliver date-3 goods only to those 
who give goods before
→ Economy collapse to autarky



I
3

1
I’s paper 
issued

II                                    III
1                                     2

D: III cannot commit to deliver date-2 goods
I’s commitment is Multilateral: Can commit to deliver date-3 goods to any 
barer of his/her paper

I
3

2
II                                           III
1        I’s paper resold        2

I                                                        
3

I’s paper                                                                                         
3         redeemed

II                                    III
1                                    2

I’s paper is used as medium of exchange (Inside money)
I’s paper provide means of short-term saving (Liquidity)



Approach: Real business cycles model + limited commitment

present goods

original lender � borrower

resell &claim claim to future goods

new lenders

How much can the original lender enforce the borrower to re-
pay? ! borrowing constraint

How much can new lenders enforce the borrower to repay? !
resaleability constraint
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Chart 9
Financial Sector Liabilities

Quarterly 

  Q1

    Note: Bank Holding Company liabilities include the liabilities of Broker
Dealers.
    Source: Federal Reserve Flow of Funds.
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Chart 10
Commercial Paper and Repo Financing

Monthly

  Apr.

    Source: FR2004 primary dealer statistics and the Depository Trust
Company. For more information see the About page on the FRB’s public
commercial paper release website.
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Monthly
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    Source: SEC form N-MFP. 
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Maturities of Prime MMF European Exposures

Monthly

    
Source: SEC form N-MFP.
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Chart 13
U.S. Securitization Issuance

Quarterly

  Q2

    Note: CLO refers to all securities backed by loans or bonds issued by businesses.  CMBS and RMBS refer respectively to securities backed by commercial and
residential mortgages.  ABS refers to securities backed by  consumer loans.
    Source: Asset-backed Alert, Commercial Mortgage Alert from Harrison Scott Publications, Inc. (downloaded May 8, 2013).



2 Model

homogeneous output Yt, capitalKt and fiat moneyMt at each
date

agents, measure 1: Et

(∑∞
s=t β

s−t ln cs
)

All agent use their capital to produce goods:

kt capital →

rtkt goods
λkt capital

start of date t 99K end of date t

individually constant returns & decreasing returns in aggregate

rt = atK
α−1
t ,

Yt = rtKt = atK
α
t



Fraction � of agents can invest in producing new capital:

it goods ! it new capital

start of date t 99K end of date t

investment opportunities are i.i.d., across people, through time

no insurance market against arrival of investment opportunity



Equity:

capital is speci�c to the agent who produces it, but he can
mortgage future returns by issuing equity

one unit of equity issued at date t promises

rt+1; �rt+2; �
2rt+3; :::

Borrowing Constraint: an investing agent can mortgage at
most � fraction of the future returns from his new capital pro-
duction

Resaleability Constraint: at each date, an agent can resell at
most �t fraction of his equity holdings ! (at; �t) follows a
stationary Markov process



Date t-1:   Investing Agent                Savers

Date t:                            Investing Agent                                        Savers

Funds

Funds

Equity

Old equity

New equity

Equity



balance sheet at the end of date t
money: ptmt+1 own equity issued: qitn

i
t+1

equity of others: qotn
o
t+1

own capital stock: qkt kt+1 net worth

Simpli�cation: at every date, an agent can mortgage up to a
fraction �t of his unmortgaged capital stock

! equity of the others and unmortgaged capital stock become
perfect substitutes: qot = qkt = qit = qt & not + kt � nit = nt

Flow-of-funds and liquidity constraints:

ct + it + qt(nt+1 � it) + ptmt+1 = (rt + �qt)nt + ptmt

nt+1 � (1� �)it + (1� �t)�nt

mt+1 � 0



Government choosesMt+1 (money supply), N
g
t+1 (government

paper holding) subject to the budget constraint:

qt(N
g
t+1 � �N g

t ) = rtN
g
t + pt(Mt+1 �Mt)

N g
t+1

K
=  a

at � a

a
+  �

�t � �

�

Claim 1: (1��)�+��� � (1��)(1��)$ unconstrained
(qt = 1), �rst best allocation, no money (pt = 0)

EtMPK = rate of return on equity ' time preference rate

(1 � �)� + ��� < (� � �)(1 � �) ! liquidity constrained
(qt > 1), monetary equilibrium exits (pt > 0)



Aggregate Recursive Equilibrium: (pt; qt; It;Kt+1; N
g
t+1) as

functions of aggregate state (Kt; N
g
t ; at; �t) satisfying:

atK
�
t = It + (1� �)�

f[rt + (1� � + ��t)�qt + �(1� �t)�q
R
t ]Nt + ptMtg

It = �
�[(rt + ��tqt)Nt + ptMt]� (1� �)(1� �t)�q

R
t Nt

1� �qt

(1� �)Et

264(rt+1 + �qt+1)=qt � pt+1=pt

Css
t+1

375
= �Et

264pt+1=pt � [rt+1 + ��t+1qt+1 + �(1� �t+1)q
R
t+1]=qt

Csi
t+1

375
Kt+1 = �Kt + It = Nt+1 +N g

t+1

qRt =
1� �qt

1� �
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Calibration of Slightly Modi�ed Model:

Homogeneous output Yt, capital Kt and treasury bills Bt with
nominal gross interest rate Rt � 1 in each period

Each household consists of [0,1] continuum of members, each
member receives iid draw to become an entrepreneur with prob-
ability {; or a worker wp: 1� {

Et
1X
s=t
�s�t

264C1��
s

1� �
� !

1 + �

Z 1
{ Hs (j)

1+� dj

375 ;

Investing member issues equity to �nance investment



At the beginning of period

balance sheet at the start of period
nominal bond: Bt=Pt own equity issued: qtN I

t

equity of others: qtNO
t

own capital stock: qtKt net worth: qtNt +Bt=Pt

Net equity

Nt = NO
t +Kt �N I

t



During the period flow-of-funds of each household member j

Ct(j) + pItIt(j) + qt [Nt+1(j)− It(j)] +
Bt+1(j)

Pt

=
[
Rk
t + (1− δ)qt

]
Nt +

Rt−1Bt

Pt
+
Wt(j)

Pt
Ht(j)− τ t

Borrowing Constraint: an investing member can issue new eq-
uity at most θ fraction of his investment

Resaleability Constraint: in each period, an agent can resell at
most φt fraction of his equity holdings

Nt+1(j) ≥ (1− θ)It(j) + (1− φt)(1− δ)Nt

Bt+1(j) ≥ 0



If qt > pIt , entrepreneurs use all the liquidity to invest

It = κ

[
Rk
t + (1− δ)φtqt

]
Nt + Rt−1Bt

Pt
− τ t

pIt − θqt
Each worker supplies differentiated labor according to the de-
mand, buys consumption goods and chooses portfolio

C−σt

= βEt

C−σt+1

Rt

πt+1
(1 + Γt+1)

 , where Γt+1 =
κ(qt+1 − pIt+1)

pIt+1 − θqt+1

= βEt

C−σt+1

Rk
t+1 + (1-δ)qt+1

qt
+ Γt+1

Rk
t+1 + (1-δ)φt+1qt+1

qt




At the end of period, all member get together to consume and
shares the assets Ct =

∫ 1
κCt (j) dj.



Consider nominal discount bond which pays $1 for sure at the
end of period t+1. Euler equation implies

1 = Et

mt+1
R0
t

πt+1

 , where mt+1 = β

Ct+1

Ct

−σ

whereR0
t is the gross nominal interest rate on this illiquid bond.

The convenience yield in theory

CYt = Et (Γt+1)

The convenience yield in measurement

CY t = (R0
t −Rt)Et

 1

πt+1


' 1

Et (mt+1)
· CYt

1 + CYt
' CYt



the first two columns of Table 3 of their paper and reproduced by the dashed lines.21 The solid

line plots the convenience yield in the model as a function of B
PY .22 The average value of B

PY

in our sample, which is 40% and is indicated by the vertical line in Figure 2, implies a steady

state convenience yield of 0.455%.23

Figure 2: Two-parts KVJ Demand Curve
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Notes: The figure plots the regressions line CY = b1 max
{
b2 − B

PY
, 0

}
where the estimates of b1 and b2 come from the

first two columns of Table 3 of Krishnamurthy and Vissing-Jorgensen (2012) (dashed lines). The average value of B
PY

in

our sample (40%) is indicated by the vertical line.

The three parameters that characterize the degree of financial frictions in the model are

θ (the borrowing constraint), φ (the resaleability constraint), and χ (the fraction of en-

trepreneurs). These parameters directly affect the tightness of the financing constraint in

the steady state. Replicating the two-piece linear KVJ regression provides two targets for the

calibration—the steady state convenience yield and the threshold B
PY . An additional target is

21The two regressions are from slightly different samples. We chose to replicate the results in column (2) (the

sample closest to ours) but the two sets of coefficients are very close.
22Two comments are in order. First, since KVJ’s regressions are obtained using annual data and capture

secular movements in the liquidity premium, we compute the mapping between liquidity B
PY

and the convenience

yield the steady state relationships. Second, because KVJ use spreads to measure the convenience yield, we use

CY as opposed to CY (see Section 2.2) in computing this mapping. Appendix B.7 shows that at steady state

CY and CY are the same regardless of the maturity of the security.
23In order to be consistent with KVJ, we measure B

PY
as the amount of Treasury securities relative to GDP.

If we adopt the notion of liquid assets in the hands of the public used in the construction of the liquidity share

(essentially subtracting assets in the balance sheet of the central bank, and adding its liabilities) we obtain a

very similar number, namely 38.1%.

19



provided by the average “liquidity share” in our sample, defined as

LSt =
Bt+1

Bt+1 + PtqtKt+1
. (24)

The liquidity share provides indirect evidence on the value of capital q, and hence on the

stringency of financial constrains. As the financing constraint gets tighter with smaller θ, φ,

and χ, the gap between q and one (the steady state value of pI) expands for a given supply

of government liquid asset B/PY , and the liquidity share drops (see Figure A-5 in the online

appendix). We construct the empirical counterpart of this variable using U.S. Flow of Funds

data, and obtain an average of 12.55% in our sample.24

Table 2: Targets and Model-Implied Values in Loss Function-Based Calibration of Steady State

Parameters

Targets CY B
PY Real rate Liquidity

Share
Labor
Share

Investment/GDP
Ratio

Data 0.455 0.548 2.200 12.55 0.65 0.260

Model 0.455 0.548 2.200 12.55 0.66 0.264

Notes: The table shows the empirical targets and the model-implied values in the loss function-based calibration of the

six steady state parameters. The first two targets are obtained from the regressions in the second column of Table 3

of Krishnamurthy and Vissing-Jorgensen (2012). We set CY = b1 max
{
b2 − B

PY
, 0

}
, where B

PY
is the average value of

government debt in our sample, and B
PY

= b2. The construction of the liquidity share is described in section A.1 of the

appendix, and the construction of the remaining three data counterparts—which is standard—is described in footnote 25

of section 3.1. The sample used to compute the data counterparts of the targets is 1953Q1-2008Q3.

The remaining targets are chosen to pin down the other steady state parameters. Loosely

speaking, the average real rate of return in the economy (for given convenience yield), the

labor share, and the investment to output ratio pin down the discount rate β, the capital

share in the production function γ, and the depreciation rate δ.25 Of course, all steady state

parameters affect all targets, so we choose them as to minimize the squared deviations of

model implied values from the data—both of which are shown in Table 2. Our calibration

24Section A.1 in the Appendix describes the details, and Figure A-4 shows the data over our sample.
25 We target a real interest rate of 2.2%, which is in between the average ex-post real returns (nominal

yield minus realized CPI inflation rate) over the period 1953Q1-2008Q3 on one-year Treasury bills (1.72%) and

ten-year Treasuries (2.57%). The source for the labor share is the Federal Reserve Bank of St. Louis FRED

database, while the investment to output ratio is measured from NIPA data, and our notion of investment

includes both NIPA investment and durable consumption, consistently with most of the RBC/DSGE literature

(e.g., Justiniano et al., 2010) and the empirical counterparts in the reminder of the paper.

20



Table 1: Parameters

Steady State Parameters
φ θ β κ δ γ B/P

4Y

Resaleability
constraint

Borrowing
constraint

Discount
factor

Probability
of investment
opportunity

Depreciation
rate

Capital
share

Annualized
s.s. liquidity

0.309 0.792 0.993 0.009 0.024 0.340 0.400

Parameters Characterizing the Dynamics
σ ν S′′ (1) ζp ζw λp λw

Relative
risk aversion

Inverse Frisch
elasticity

Investment
adjustment cost

Price Calvo
probability

Wage Calvo
probability

Price s.s.
markup

Wage s.s.
markup

1.000 1.000 0.750 0.750 0.750 0.100 0.100

ψπ ψy ψτ
Taylor rule

inflation
response

Taylor rule
output

response

Tax rule
response

1.500 0.125 0.100

Liquidity Shock and Policy Response
Baseline Great Escape

∆φ ρφ ψk ∆φ ρφ ψk
Size of

liquidity shock
Shock

persistence
Policy

intervention
Size of

liquidity shock
Shock

persistence
Policy

intervention

-0.218 0.953 -4.801 same 0.984 same

Notes: The table shows the parameter values of the model for the baseline calibration. The last three rows also report

the size and the persistence of the shock, and the coefficient in the government rule for purchases of private assets in the

Great Escape calibration.

3.1 Steady State Parameters

The centerpiece of our calibration strategy for the parameters characterizing the degree of

steady state financial frictions is based on the work of KVJ, who provide us with an empirical

estimate of the convenience yield. Specifically, KVJ model the convenience yield as a piecewise

linear function b1 max
{
b2 − B

PY , 0
}

, and estimate b1 and b2 (in their regression B
PY is measured

by the ratio of Treasuries over GDP). Also in our model CYt depends on the supply of liquid

assets. In fact, KVJ’s functional form is consistent with our framework: As the amount of

liquidity in the economy increases, the liquidity premium drops because the entrepreneurs’

constraint become less binding. After some threshold B
PY , the constraint is no longer binding,

q drops to 1 (the steady state value of pI), K approaches the efficient level, and the convenience

yield becomes zero.

Figure 2 shows that the model can replicate the results of the KVJ’s regressions shown in

18



Online appendix for The Great Escape A-26

E Additional Tables and Figures

Table A-2: Average Returns and Implied φj

2004/ 7/21–2007/ 6/29

CY: 0.46

φ spread

1Y Refcorp 1.150 -0.07

6M Refcorp 1.067 -0.03

2Y Refcorp 0.990 0.00

AA CDS-Bond Basis 0.985 0.01

A CDS-Bond Basis 0.945 0.02

3Y Refcorp 0.920 0.04

On-Off 0.889 0.05

5Y Refcorp 0.854 0.07

BBB CDS-Bond Basis 0.851 0.07

4Y Refcorp 0.822 0.08

7Y Refcorp 0.779 0.10

10Y Refcorp 0.671 0.15

20Y Refcorp 0.659 0.15

5Y TIPS 0.371 0.28

7Y TIPS 0.311 0.31

20Y TIPS 0.298 0.31

10Y TIPS 0.219 0.35

AAA -0.294 0.58

2008/10/ 1–2008/12/31

CY: 3.42

φ spread

20Y TIPS 0.806 0.65

On-Off 0.795 0.69

20Y Refcorp 0.747 0.85

2Y Refcorp 0.720 0.94

5Y Refcorp 0.702 1.01

7Y Refcorp 0.701 1.01

10Y Refcorp 0.692 1.04

1Y Refcorp 0.690 1.05

10Y TIPS 0.682 1.07

3Y Refcorp 0.679 1.08

4Y Refcorp 0.665 1.13

5Y TIPS 0.654 1.17

6M Refcorp 0.612 1.31

7Y TIPS 0.586 1.40

AA CDS-Bond Basis 0.548 1.53

AAA 0.448 1.86

A CDS-Bond Basis 0.282 2.43

BBB CDS-Bond Basis 0.000 3.39

Notes: The two panels show the average spread for the securities listed above (see Appendix A.2 for a description) for the
2004/ 7/21–2007/ 6/29 (left) and 2008/10/ 1–2008/12/31 (right) periods, as well as the implied φj computed according
to formula (25).



retained some liquidity premium, implying that the convenience yield is higher than its spread.

Second, the securities underlying this spread are long-term (their maturity is approximately

five years), so the spread in 2008Q4 should reflect the average expected CYt over the duration

of the contract, as opposed to the value in that period. To the extent that CYt was expected

to decline in the following quarters, the value of 3.42% is a lower bound.

These two assumptions allow us to translate the common factor into a daily time series

of the convenience yield CYt, which we plot in Figure 3. Once we have this time series, we

can compute the average convenience yield for the pre-Lehman period (that is, the average

for 2008/Q2-Q3 excluding the month of September), which is 1.33%. This value suggests that

the change in CYt due to the Lehman shock was roughly 210 basis points. However, in the

weeks preceding the Lehman crisis, the convenience yield had already begun to rise, reaching

for instance 1.56% on September 1st. Therefore, in order to be conservative, we calibrate the

size of the shock to achieve an increase of 180 basis point in the convenience yield.32

Figure 3: A Time-Series for the Convenience Yield
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Notes: The figure plots a daily time series of the convenience yield from July 21 2004 to December 31 2014, constructed
using a panel of 18 liquidity-related spreads as described in 3.3.

We choose the persistence of the shock ρφ = 0.953 so that the implied expected duration of

the ZLB episode is six quarters. This value falls close to the midpoint between survey evidence

of market participants (Moore, 2008) and the predictions of an estimated interest rate rule

(Rudebusch, 2009). Later, we present results based on expectations of more severe financial

disruption.

32The fall in the resaleability constraint that we obtain—about 70%—is broadly consistent with the increase

in haircuts after Lehman’s failure documented by Gorton and Metrick (2012).
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Figure 4: Response of Output, Inflation, and the Nominal Interest Rate to the Liquidity
Shock
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Notes: The figure compares the evolution of output, inflation, and the nominal interest rate in the data (left column)
and in the model in response to the calibrated liquidity shock (right column). The data start in 2008Q3. Both data and
model are plotted for 16 quarters. Output in the data (top-left) is the sum of consumption and investment, in percentage
log-deviations from a linear trend estimated from 2000Q1 to 2012Q3, and is normalized to zero in 2008Q3. Inflation
in the data (middle-left) is the annualized quarterly inflation rate of the GDP deflator. The interest rate in the data
(bottom-left) is the annualized effective Federal Funds Rate. Output in the model (top-right) is the log-deviation from
steady state in percentage points. Inflation in the model (middle-right) is expressed in annualized percentage points. The
interest rate in the model (bottom-right) is the annualized level of the nominal interest rate in percentage points (the
horizontal line is its steady state value).

The liquidity shock explains a large component of the response of the macroeconomy to

the Lehman episode. The model explains more than fifty percent of the output reduction

(-4.4% in the model versus -7.8% in the data); it also accounts for a two and a half percent

drop in the inflation rate, which corresponds to the entire fall of inflation relative to target in

the data, and to three quarters of the change from its value in 2008Q3; finally, it shows the

nominal interest rate hitting the zero lower bound following the crisis and remaining there for

a considerable period. Note that the model expects the recovery of real activity after the shock

to be sluggish, which was indeed the case in the data.

The first row of Figure 5 shows the decomposition of the output drop in the relative
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Figure 5: Response of Consumption, Investment, the Nominal Value of Capital, and Conve-
nience Yield to the Liquidity Shock
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Note: The figure compares the evolution of consumption, investment, nominal value of capital, and convenience yield in
the data (left column) and in the model in response to the calibrated liquidity shock (right column). The data start in
2008Q3. Both data and model are plotted for 16 quarters. Consumption in the data (top-left) is total consumption minus
durable consumption. Investment in the data (top-middle-left) is investment plus durable consumption. The nominal
value of capital in the data (bottom-middle-left) is the value of illiquid assets from the flow of funds as defined in the text.
These three variables are expressed in percentage log-deviations from a linear trend estimated from 2000Q1 to 2012Q3,
and are normalized to zero in 2008Q3. The convenience yield in the data (bottom-left) is in annualized basis points (its
computation is described in section 3.2). Consumption (top-right), investment (top-middle-right), and the nominal value
of capital (bottom-middle-right) in the model are log-deviations from steady state in percentage points. The convenience
yield in the model (bottom-right) is the annualized absolute deviation from steady state expressed in basis points.

contribution of consumption (left panels) and investment (right panels) in the model and in

the data.34 The model explains about two-thirds of the actual fall in investment (-14.2% versus

-22.3%), and almost one half of the fall in consumption (-1.3% versus -3.0%). The model under-

predicts the fall investment, possibly because of the absence of an explicit residential sector.

Nevertheless, the broad empirical patterns are correct, in that investment drops substantially

more than consumption in percentage terms both in the model and the data.

The bottom row of Figure 5 shows the behavior of the convenience yield CYt (left panels),

which is the quarterly average of the time series shown in Figure 3 and is expressed in deviations

from the KVJ steady state value of 0.46%, and the total nominal value of capital, measured

34Our empirical counterpart of consumption excludes durable goods, which instead we treat as part of invest-

ment, consistently with much of the literature (Justiniano et al., 2010). As for output, both the variables are

measured in logs, and are shown in percentage deviation from a linear trend estimated from 2000Q1 to 2012Q3

(separately estimated for each variable), and are normalized to zero in 2008Q3.
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Figure 6: The Effect of the Liquidity Facilities on Output and Inflation in the Baseline and
in the Great Escape Experiment
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Notes: The figure shows the difference between counterfactual and actual response of output (solid blue) and inflation
(dashed red) in the model in response to the calibrated liquidity shock under the baseline persistence (left panel), and
with increased persistence such that the zero lower bound binds for twenty quarters (right panel).

The effect of the liquidity facilities on the convenience yield is not negligible (45 basis points

annualized—see Figure A-12 in the Appendix), but smaller as a fraction of the initial response

than in the case of the macro variables. Much of the early literature on the effect of the facilities

focused on the reduction in spreads as the main metric to interpret their success (McAndrews

et al., 2008; Taylor and Williams, 2009). Our model suggests that this metric may not be

entirely appropriate. Even if the reduction in spreads is limited, the macroeconomic impact

is substantial. In the model, not only is the private sector better off because of the liquidity

injection, but the government actually ends up making money off the transaction—$27 billion

in the first year in our baseline calibration.38

In the baseline scenario, we calibrate the persistence of the shock assuming that the private

sector expected the ZLB to bind for six quarters right after Lehman’s bankruptcy. Yet, given

the intensity of the crisis, and the degree of disruption in financial markets, the Great Recession

has often been compared to previous financial crises, such as the Great Depression and Japan’s

“Lost Decades.” These episodes, also characterized by downward pressure on prices and zero

nominal interest rates, lasted much longer than six quarters.

To capture the possibility that the public had expected a Depression-like crisis, we consider

the same shock but increase its persistence, so that the ZLB binds for twenty quarters (five

years). The right panel of Figure 6 shows the gain in output (solid) and inflation (dashed) due

38Federal Reserve transfers to the U.S. Treasury (profits minus operating expenses) reached two consecutive

records in 2009 ($47.4 billion) and 2010 ($78.4 billion), largely as a result of the increased interest income on

security holdings.
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Normal features of "monetary economy"

� interest rates spread between assets with di¤erent liquidity

rate of return on money < rate of return on equity < time
preference rate < expected marginal product of capital

� quantities and asset prices react to liquidity shock

Policy: Can use open market operation to accommodate pro-
ductivity shock and to o¤set shocks to liquidity (resaleability)

Needs to buy (or lend against) partially resaleable assets which
has liquidity premium
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