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Plan for presentation

Bernanke, Gertler Gilchrist model: Costly state verification

Partial equilibrium in capital market

General equilibrium model with financial accelerator. Macro effects.
Empirical results

Using the central bank's balance sheet to stimulate the economy in a
financial crisis
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Bernanke, Gertler and Gilchrist (BGG) (1999)

@ Three types of agents: Households, Entrepreneurs and Retailers

@ Closed economy, need heterogenous agents to get gross
borrowing/lending

e Entrepreneurs borrow from households (via zero-cost financial
intermediation), "die" with a certain probability, risk neutral.

@ Retailers act as "aggregator": buy intermediate goods from
entrepreneurs, make diversified final output, motivates monopolistic
competition/enables sticky prices.

@ Look closely at partial equilibrium capital demand. Rest is more
conventional.
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Costly state verification (CSV)

@ Information problem from last time (moral hazard and adverse
selection) gone if lender can see distribution of borrowers' return
perfectly: F(R,0)

o If type of borrower (0) can be seen, lender can make contract
contingent on 6, so that more risky borrowers are charged higher
interest rate, less risky borrowers charged lower interest rate (avoid
adverse selection/credit rationing)

o If type of project that is chosen can be seen, lender can make contract
contingent on type of project (avoid moral hazard/credit rationing)

@ Assume realized return R can be checked at a cost: If lender wants,
she can check the return on the project. Will check return in order to
get as much as possible in case of bankruptcy.

@ If no bankruptcy, lender receives contracted return. If bankruptcy,
part of return on project goes to cover "monitoring costs" or
"bankruptcy cost".
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CSV (con

@ Entrepreneur works, and borrows or uses internal funds to finance
capital. One period loan contract.

(Norges Bank) ECON4325



CSV (cont.)

@ Entrepreneur works, and borrows or uses internal funds to finance
capital. One period loan contract.

@ Model similar to entrepreneur last time. Now: not collateral.
Entrepreneur buys capital in period t, for use in period t + 1, denoted

Ket1.

(Norges Bank) ECON4325



CSV (cont.)

@ Entrepreneur works, and borrows or uses internal funds to finance
capital. One period loan contract.

@ Model similar to entrepreneur last time. Now: not collateral.
Entrepreneur buys capital in period t, for use in period t + 1, denoted
Ket1.

@ The price in period t is Q. Can finance with net worth going into
period t + 1, N;41, or borrowing:

(Norges Bank) ECON4325



CSV (cont.)

@ Entrepreneur works, and borrows or uses internal funds to finance
capital. One period loan contract.

@ Model similar to entrepreneur last time. Now: not collateral.
Entrepreneur buys capital in period t, for use in period t + 1, denoted
Ket1.

@ The price in period t is Q. Can finance with net worth going into
period t + 1, N;41, or borrowing:

j d] J
° By = QeKipy — Noyy

(Norges Bank) ECON4325



CSV (cont.)

@ Entrepreneur works, and borrows or uses internal funds to finance
capital. One period loan contract.

@ Model similar to entrepreneur last time. Now: not collateral.
Entrepreneur buys capital in period t, for use in period t + 1, denoted
Ket1.

@ The price in period t is Q. Can finance with net worth going into
period t + 1, N;41, or borrowing:

° Bl = QK — Ny

e Return to capital for entrepreneur j is «w’ R, ; .Investment decision
made before w known.

(Norges Bank) ECON4325



CSV (cont.)

@ Entrepreneur works, and borrows or uses internal funds to finance
capital. One period loan contract.

@ Model similar to entrepreneur last time. Now: not collateral.
Entrepreneur buys capital in period t, for use in period t + 1, denoted
Ket1.

@ The price in period t is Q. Can finance with net worth going into
period t + 1, N;41, or borrowing:

° Bl = QK — Ny

e Return to capital for entrepreneur j is «w’ R, ; .Investment decision
made before w known.

e E(w’) = 1,i.i.d across time and across firms, c.d.fis F(w). For
lender, w is observable only at a cost pw’ RE, | Q¢ Kit1.

(Norges Bank) ECON4325



CSV (cont.)

@ Entrepreneur works, and borrows or uses internal funds to finance
capital. One period loan contract.

@ Model similar to entrepreneur last time. Now: not collateral.
Entrepreneur buys capital in period t, for use in period t + 1, denoted
Ket1.

@ The price in period t is Q. Can finance with net worth going into
period t + 1, N;41, or borrowing:

° Bl = QK — Ny

e Return to capital for entrepreneur j is «w’ R, ; .Investment decision
made before w known.

e E(w’) = 1,i.i.d across time and across firms, c.d.fis F(w). For
lender, w is observable only at a cost pw’ RE, | Q¢ Kit1.

o E(RE, ) gross return to holding capital is determined in equilbrium.
In partial equilibrium: assume constant.
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CSV (cont.)

o Last week, payoff to lender/borrower, in a loan contract with
collateral was:
To borrower:

(R, 7) =max(R— (1+#)B; —C)

@ To lender
p(R,r) =min(R+ C;B(1+1%))

Under CSV, in notation of Bernanke, Gertler, Gilchrist:

)

Loan rate Z; ,; paid by entrepreneur j to lender in period t 4 1.

(Norges Bank) ECON4325



CSV (cont.)

o Last week, payoff to lender/borrower, in a loan contract with
collateral was:
To borrower:

(R, 7) =max(R— (1+#)B; —C)

@ To lender
p(R,r) =min(R+ C;B(1+1%))
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CSV (cont.)

Last week, payoff to lender/borrower, in a loan contract with
collateral was:
To borrower:

(R, 7) =max(R— (1+#)B; —C)

To lender
p(R,r) =min(R+ C;B(1+1%))
Under CSV, in notation of Bernanke, Gertler, Gilchrist:
Loan rate Zt+1 paid by entrepreneur j to lender in period t + 1.
To borrower:

(W RE, ZL, 1) = max[w/ RE,; QK] 11— 214181411 0]
To lender
p(a}ijH, {+1) =
min[(1 P‘)(W'RtHQt t+1 Zi+13{+1) Zt+lBt+1]
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Contract designed gives lender zero profit in equilibrium

Define the critical w/ = @’ and Z{H where aggregate return exactly
covers gross borrowing costs:

BJ

o @R QiKi = 21 Bl

t+1

=>F (@) is probability of default. For which @’ and Z{H is lenders
return equal to the risk-fre return on capital? Condition:

o ) W . )
[1- F(‘T’J)]ZiHBiH +(1— P‘)/O WRfHQtK{HdF(w) = Rt+1B{+1
(34)
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Will need weak assumption about the distribution of w, F(w) : Define

hazard rate: d(F( ))
w
h = -
(@) = T F ()
Will assume

I(wh(w))
I(w)

Satisfied for most conventional distributions F(w), including log-normal.

>0
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Substitute in expressmn for ZtJrlBtJr1 and for and
forBt+1 = Q:K! 11 Nt+1' into previous equation and get condition only

in terms of @’. Zero profit condition is now:

L @
{[1 — F()]o + (1 - P‘)/O wdF(w)} t+1 Q:K] t+1 = (3.5)
Rt+1(QtK{+1 - N{+1)

Note that as @ increases to an upper limit, as default probability F(cT)f)
goes to one, and lender must pay default cost with certainty. Assume Ryi1
low enough to not make LHS increasing in &’ in equilibrium
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Optimal contract designed by lender (cont.)

Expected payoff from loan contract concave and increasing in &’ for
values below maximum o”;

d(LHS)

do ={[1- — @ dF (@ }Rt+1Qt t41 >0

Two effects of @’ 1:

@ non-default payoff T but also
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Optimal contract designed by lender (cont.)

Expected payoff from loan contract concave and increasing in &’ for
values below maximum o”;

d(LHS)

do ={[1- — @ dF (@ }Rt+1Qt t41 >0

Two effects of @’ 1:
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@ probability of default T

e In equilibrium, @’ depends on demand for capital, assume no credit
rationing/ceiling on & in equilibrium.
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Optimal contract designed by lender (cont.)

Expected payoff from loan contract concave and increasing in &’ for
values below maximum o”;

d(LHS)

do ={[1- — @ dF (@ }Rt+1Qt t41 >0

Two effects of @’ 1:

@ non-default payoff T but also

@ probability of default T

e In equilibrium, @ depends on demand for capital, assume no credit
rationing/ceiling on & in equilibrium.

e Optimal @ also depends on RF,; : Each realized RE, 1. goes with one
@’ . Borrower risk-neutral.
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Behavior of borrower

Borrower is willing to agree to contract with @ depending on realization
of Rf ; (risk neutral). Cares about:

E{ [ Rt Quld (@) — (1 - F@)@RL, L | (36)
From 3.5 (zero profit condition) we know, for each R,_f‘ﬂ,

{[1 - F(E’J)]‘TJJ} Rf+1QtK{+1 =

, @ .
Res1(QeKiyy — Niyy) — (1= l‘)/o (UdF(w)RfH QK

Plug this into (3.6) , multiply by E(RE, ;) and divide by
rk — Rf —
Utth = griy =
The equilibrium relationship between R and capital (Ktt+1) purchased is

found as
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Optimal contract

max

EQ L= [ wdF (@)U § E(RE)Qukly — Reva(Qikly — M)

with respect to K; and @’ (as a function of realized RE, 1), subject to set
of constraints

{[1 — F(&)]@ + (1 - V)/O WdF(W>} t+1Qt t+1 = (3.5)
Rt+1(QtK{+1 - N{+1)

Exogenous: Price of capital, net worth brought in, aggregate risk-free
return Ryy1, and distribution of risk.
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Partial equilibrium in capital market

Define the return to capital:
st = E{R 1/ Ren}
Entrepreneur investing only if s; > 1

Solving max-problem gives first order optimality condition:

QeKiyr = P(se) Viyy (3.8)
In equilibrium, capital stock depends positively on net worth. (1) =1
means that with E{R¥_; /R.;1} = 1, entrepreneurs will not borrow to
invest. Given K; determined from 3.8, constraint that gives lender zero
expected return determines schedule for &’ (one @’ for each R,_f‘H).
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Partial equilibrium in capital market (cont)

¢'(-) > 0 means that increased return to capital reduces default
probability and allows the firm to take on more debt. But size of firm
cannot grow without limits: default costs rise as leverage rate increases.
In model last time: ¥(s;) = 1, could only finance using full collateral or
internal funds.

Here: aggregate over firms to get total demand for capital. Linear
relationship (CRS)=>adding net worth gives total demand for capital.
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Invert (3.8) to get expected excess return - the external finance premium,
or supply of funds - as function of net worth:
E(Rt{(—i-l) :5( Ni-ﬁ-l ),S/(') <0
Rit1 QtK{H
Expresses inverse relationship between external finance premium and
amount of investment financed by own funds:

B.S. Bernanke et al.
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General equilibrium - the entrepreneurial sector

@ Shifts in net worth N{H shifts capital demand. Countercyclical: Low
net worth in recession=>>high external finance premium and low
capital demand in recession. Same logic for consumers.
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General equilibrium - the entrepreneurial sector

@ Shifts in net worth N{H shifts capital demand. Countercyclical: Low
net worth in recession=>>high external finance premium and low
capital demand in recession. Same logic for consumers.

@ Entrepreneurs purchase capital each period for use next period. ldea:
Use capital adjustment cost to get variable price of capital and hence
variable N;11.

@ Entrepreneurs hire workers, combine with K;, CRS means aggregation
easy,
Y, = AcKELL®
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Adjustment costs in capital stock

/
K1 = cb(?t)Kt + (1 - 9)K;
t

Q= [@'(2)]

@ Entrepreneurs sell output to retailers. X; markup of retail goods over
wholesale goods produced by entrepreneurs.
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@ Rent paid to unit of capital in t +1
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Adjustment costs in capital stock

@ Entrepreneurs sell output to retailers. X; markup of retail goods over
wholesale goods produced by entrepreneurs.
@ Rent paid to unit of capital in t +1

1 aYin
Xir1 Kigt

@ Gross return to capital (including price change)

1 aYe

a4 Q1 (1-6)
X K
E{Ri{(+1} = { = = Qt

}
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Aggregate capital market equations/demand side:

Three main equations new in this paper:

E(RED) My

(1) <0 4.5
R =g 50 < (45)

1 aYiir

+ Qr41(1—9)
Xiv1 Ki
E{RE} = {F T

} (4.4)

le

0: = [9'(¢

)]t (4.3)

Log-linearize these to get (4.17)-(4.19) in paper, supply of external funds,
marginal product of capital and link between asset prices and investment.
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Supply side

Labour input:
Le = HH(HE)' O

V: =entrepreneural equity, W = entrepreneural wage, @; is state
contingent value of w set in period 1. Aggregate net worth at end of
period 1:

Nepr = Ve + WE
Only share 7 of entrepreneurs from t — 1 still active in period t. (and
C=01-7V)
[ wREQi_1 KedF (w)
Qe—1Kr — N1

Vt = Ré(Qtfth — Rt + (Qtfth - Ntfl)

3 wREQe_1KedF (w)

External finance premium reflected in — , which is ratio
Qi—1Ki—N;

of default costs to quantity borrowed.
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The dynamics of net worth

Demand for labour: From first order conditions in entrepreneurs profit-max
problem (perfect competition, zero profits)

(1—a)(1—Q)t = X, We (4.12)

01/09 20 / 34

ECON4325
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Combine Y; = A, KALI™™ Npyy = Vi + WE, and

(1—a)(1— Q) = X W with

[y wREQe_1KedF (w)

Ve = REQe1Ke — Qi_1K: — Ne_

R: +

] (Qr—1Kt — N¢—1)
to get

Ut WwRKQi_1 K, dF
Newi = 7[REQeaKe - ( 1y T <w>>(ot_1Kt—m4.
t— t t—

+(1—a)(1 - Q)AKHI 2
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Have now determined variation in net worth N;, and we know how net
worth influences cost of capital from

E(Rt+1) —s Nt+1 )

Rt+1 Q:K! 41

Now, need to determine variables kept exogenous so far: Relative price of
wholesale goods X% R:, and household real wage W;. Need household,
retail and government sector.
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General equilibrium, complete model:

@ Households maximize utility over consumption, leisure and money
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General equilibrium, complete model:

Households maximize utility over consumption, leisure and money

Retailers monopolistic competition, calvo price setting

Households and entrepreneurs buy final goods from retailers, for
consumption and investment.

Households own retailers and get their profits.

Two state variables: net worth and capital

Monetary policy rule: r; = pr’ | +¢7mi—1 +€f"
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(1) Aggregate demand

C I G ce

y[=?L‘,+?ii+?g,+?c;‘+v-v+¢r,v. (4.14)
¢ =1+ Edca}, (4.15)
P TR, L (4.16)
Edrf } = rat = g — (g + k)], (4.17)
rh = (1= Wt = ket =Xt + €0 — g, (@.18)
Ge = @G = k). 4.19)

(2) Aggregate Supply

vi=a, + ak, + (1 - a)Qh, (4.20)
Fi=h=xi—e =0 hy, @21
7 = B {x(x)+ B b (4.22)

(3) Evolution of State Variables
kipy = 61+ (1 - 0k, 4.23)

RK
nt<,|=%~(r,* AR PR A (4.24)
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(4) Monetary Policy Rule and Shock Processes

=prL + G+ E (4.25)
£ 7 Pefr T &, (4.26)
a = Padr + &, (4.27)

with
o,
o = DYK [log(y [ wdF(w)RfQ:-K,/DKﬂ,
0

]
D= ,uf wdF ()R,
0

. 1= C5 /N
< =1 1+l
¢i Og( 1 _ Ce/N ) H

(RMR-K (1 (1 - )
o= ER DR Gy g gy Lo,
_ YR 1-6
SYERR T (=81 al/iXK)
_ (@WK (1-0
ok y *= g )
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Fig. 3. Monetary shock — no investment delay. All panels: time horizon in quarters.
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Measures taken by some central banks recently seem to involve more than
just interest rate decision

@ Terminology
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Measures taken by some central banks recently seem to involve more than
just interest rate decision

@ Terminology

@ Intentions
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Government (G), Central bank (CB) and private sector

including banks (P).

Central Bank(CB)

Government (G) Private (P)
Bcs Rg
Re Bp Bp F
L B R L a Re
¢ cB P ¢ %4 Own funds

@ The government holds reserves Rg in central bank, lends to the
private sector L¢, issues bonds that are held by the private sector
(Bp) and held by the central bank (B¢g).
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Government (G), Central bank (CB) and private sector

including banks (P).

Government (G) Private (P) Central Bank(CB)
Bcs Rg
Re Bp Bp F
L B R L a Re
¢ cB P ¢ %4 Own funds

@ The government holds reserves Rg in central bank, lends to the
private sector L¢, issues bonds that are held by the private sector
(Bp) and held by the central bank (B¢g).

@ The private sector holds government bonds (Bp), and reserves in the
central bank (Rp). The private sector has loans from the government
(L) and from the central bank (F).

(Norges Bank) ECON4325 01/09 29 / 34



Government (G), Central bank (CB) and private sector

including banks (P).

Government (G) Private (P) Central Bank(CB)
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@ The government holds reserves Rg in central bank, lends to the
private sector L¢, issues bonds that are held by the private sector
(Bp) and held by the central bank (B¢g).

@ The private sector holds government bonds (Bp), and reserves in the
central bank (Rp). The private sector has loans from the government
(L) and from the central bank (F).

@ The central bank holds government bonds (B¢g) and loans to the
private sector (F) and foreign reserves (V). The central bank creates
liquidity Rg and Rp held by the government and the private sector.
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@ Open market operations change the mix of private sectors assets:
they become more liquid, Bp |, Rp T, total is unchanged.
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Quantitative easing

Open market operations change the mix of private sectors assets:
they become more liquid, Bp |, Rp T, total is unchanged.

The total government debt (CB+G) held by the private sector also
stays constant: Bp + Rp — F — L is constant. But the size of the
central bank balance sheet increases: Bcg or F increases along with
Rp.

So, open market operations could be: CB increases F and hence Rp
equally much, while Bp + Rp — F — L stays constant (that is, issue
F-loans).

Alternatively,the standard text-book version: CB buys Bp from
private sector in exchange for Rp, hence Bp |,Bcg T and Rp T
equally much, .Bp + Rp — F — L again stays constant.It could also
be purchase of alternative assets from the private sector.

This would be quantitative easing to the extent that the balance
sheet of the CB increases, but it would also change the riskiness of
the asset side, and hence also involve "qualitative easing"
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total level of government (CB+G) debt. Printing money could be:
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@ Issue Ry, hand it out to the private sector. This increases the share of
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@ Printing money changes the mix of private sector assets AND the
total level of government (CB+G) debt. Printing money could be:

@ Issue Ry, hand it out to the private sector. This increases the share of
Rp in Bp + Rp.lt also increases total net government debt,
Bp + Rp — F — Lg . Hence, this is both monetary and fiscal policy.
The more realistic version:

@ The government issues new Bcg, that the CB buys directly, and the
governemt hands the money to the private sector (Rp).This again
increases the share of Rp in Bp + Rp, and it increases total
government (CB+G) debt to the private sector, Bp + Rp — F — Lg

@ "Printing money" (buying government assets directly from
government) is illegal in most developed countries.
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Qualitative easing

@ Willem Buiter suggests the term qualitative easing, for use when there
is a change in the compositition of the asset side of CB balance sheet;
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Qualitative easing

@ Willem Buiter suggests the term qualitative easing, for use when there
is a change in the compositition of the asset side of CB balance sheet;

@ e.g.require lower security for F loans

@ buy longer term government bonds in exchange for short-term
government papers

@ buy private sector assets in exchange for short term private assets.

@ It could also be purchase of other private sector assets, financed by
central bank reserves R,,. In that case this would simultaneously
increase the balance sheet of the central bank, and hence involve
quantitative easing as well.
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@ Changing the composition of the asset side is fiscal policy only to the
extent that it increases government risk taking, and thereby may have
implications for future taxes. It is not fiscal policy in the same sense
as a helicopter drop.
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signaling rate) to the extent that it increases the banks capacity for
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@ Changing the composition of the asset side is fiscal policy only to the
extent that it increases government risk taking, and thereby may have
implications for future taxes. It is not fiscal policy in the same sense
as a helicopter drop.

e It may help the functioning of regular monetary policy (lowering the
signaling rate) to the extent that it increases the banks capacity for
lending.

@ The mechanism could be a financial accelerator that improves banks
funding conditions when their balance sheets improve (net
risk-adjusted worth goes up). The improved funding may increase
lending, and alleviate credit rationing and hence help monetary policy
to be effective.
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Fed and UK measures

@ The measures emphasised by Bernanke on January 13th, are
"qualitative easing", it involves buying risky private sector assets, or
guaranteeing those. The financing of those determine whether it also
is quantitative easing: If they are financed by central bank reserves
Ry, they are also quantitative easing (central bank balance sheet
increases), if they are financed by selling governement bonds to
private sector, they are pure qualitative easing.
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qualitative easing: Private sector ends up holding government bonds
instead of risky private assets. This involves an increase in the
government balance sheet, although it is administered by the central
bank.
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Fed and UK measures

The measures emphasised by Bernanke on January 13th, are
"qualitative easing", it involves buying risky private sector assets, or
guaranteeing those. The financing of those determine whether it also
is quantitative easing: If they are financed by central bank reserves
Ry, they are also quantitative easing (central bank balance sheet
increases), if they are financed by selling governement bonds to
private sector, they are pure qualitative easing.

The "Credit easing" that Bernanke talks about seems to be of the
former kind.

UK measures: APF financed by issuing Treasury bills is in some sense
qualitative easing: Private sector ends up holding government bonds
instead of risky private assets. This involves an increase in the
government balance sheet, although it is administered by the central
bank.

Could finance the APF by issuing R, instead of issuing government
papers. This would be combination of qualitative and quantitative

easing.
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