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14.02 Exam 2

April 13, 2011

Professor: Francesco Giavazzi.

TAs:; Joaquin Blaum, Fernando Duarte, Maya Eden, Camilo Garcia, Anna Zabai

Student Name: M((,t\“il }){’:"-ﬁfﬁ Ifnf Section: j\/} If‘( F L() /%

1 Multiple Choice Questions (5 points each)

// .
1. Under a fixed exchange mle system, t;mne A/yr)pohcy cannot be used to stimulate aggregate demand

\__,/

because

o a. Under fixed exchange rates, the domestic money market cannot be in equilibrium.

/

3 .
/o b. Under fixed exchange rates, uncovered interest parity must hold at all times, which makes monetary

policy ineffective.

Under fixed exchange rates, the money supply has to respond to changes in the exchange rate to

naintain the nominal interest rate constant.

d. Under fixed exchange rates, the effect of changes in the nominal interest rate on investment and the

trade balance exactly cancel out.

e ¢. Under fixed exchange rates, demand for domestic goods must be equal to domestic demand for

goods, which are unalffected by t]le LN curve.

5. ;b/ﬂl 4 1_.)
. In an open economf as m(ome rises (io L‘:Ll(‘ (JL]I](lIld for goods increases faster than demand for domestlc

mt{ dimgs] (( QCOMM/ §9“ (,r)(r

° a No domestic demand for goods increases more slowly than demand for domestic goods.

goods I)ocnuse /

/‘4 - . .
S e b. Yes, government spending does not change as income rises.
/‘- - . - - . -
(t c. NXes, part of the increase in domestic demand consists of increased demand for imported goods.

d. Yes, consumers always prefer to spend their additional income in the purchase of foreign goods.

e. Yes, as domestic income increases, foreign income must fall, since the world trade balance must be

Zero.



3. The rate of growth of the nominal exchange rate can only differ from the growth rate of the real exchange
rate if TN

\
.‘. a: There is a flexible exchange rate system. U( 95 9(()1, ‘“'\ d{f{f(ﬁﬂ i
»"’Jk;nﬂation in the domestic economy is diffe¥ent from inflation in the foreign economy.
e c. The future expected nominal exchange rate is different from the present exchange rate.
e d. The trade balance is not in equilibrium (equal to zero).
e ¢. The uncovered interest parity condition does not hold.

4. The fact that in open economies the current account must be equal to net savings implies that

X
~ e a. Countries cannot run budget L(eﬁcits without also running current account deficits.

\ & b, Depreciations are ineffective in reducing trade deficits because they do not aflect savings or invest-
/ ment.

r

*@. Countries with current account deficits must have positive net investment flows.

\\ d. The nominal interest rate must be equal to the foreign interest rate.

\ e. Countries running systematic trade deficits will grow slower because investment is reduced.

5. A fiscal consolidation leads to a larger contraction of output under a fixed exchange rate than under a

) P
flexible“exchange rate because A

\Q Under fixed exchange rates the money suppl},‘(( has to fall to maintain the domestic nominal interest

ate constant. On (oc‘f
\- b. Under fixed exchange rates the fiscal consolidation leads to a fall in investment income.
. C Under fixed exchange rates the spending multiplier is smaller.
‘s d. Under fixed exchange rates the trade surplus is less responsive to changes in domestic spending.

e e. Uncovered interest rate parity does not have to hold under flexible exchange rates.

6. The Government spending multiplier is smaller in an open economy compared to a closed economy

(0o Aways. o —

P
“ e b. Never. 2
c. Only under flexible exchange rate regimes.

d. Only under fixed exchange rate regimes.

/
/e e. Only when the increase in government spending is used in the purchase of imported goods.
(¢, , P
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7. Deprec1at10ns 1ntended to u,duce the trade-deficit will actually increase it when b(‘ (@l ¥ T [}}/‘J Thq’*f
(A d

f)
[NOQ nortued L (M ) |
\ a. Investors expect the nominal exchange rate to appreciate in 1.he future. S negs -"M}
e b. The quantities of imports and exports respond with a delay to the change in the exchage rate. /b?l dﬁ’/g’éﬁl

\c. The Marshall-Lerner condition ];.);Ositisﬁed.

\Q\ d. The fall in the nominal interest rate implied by uncovered interest rate parity induces an increase

~—in‘domestic demand. nOmMé{/ ((\

/
'9 (0§ ) Gor - 0 el
omestic inflation is larger than foreign inflation. 6 ,-P J 2 69( Of)p( ‘5’“{()5 oo N

nder a fixed exchange rate regime, when investors expect a devaluation to occur (i.e., the price of the

domestic currency expressed in units of the foreign currency goes down), the domestic nominal interest rate
will

(- |
"“95 (. Yoo ‘h\h(tu
{ W ool (e
_ _ ’fﬁr(’fl E,/
e a. Be higher than the foreign nominal (‘Ndngc rate because the devaluation will lca(l 0 a reduction

in the trade deficit. ‘ ‘ \

ﬂ%‘\‘f( ( uf(brcy ‘—\,\,(;‘"Jﬂq‘

7 ! 4
Q. Be higher than the foreign nomim@l exch nge rate because investors must be compensated for the

otential fall in the value of their domestic assets.
lees
e c. Be lower than the foreign nomindl exchapge rate because the price of bonds must be high to maintain

investors’ confidence in their domestic assets.
\ ]

' At 27|
. | U - . .
e d. Be lower than the foreign nomfihal exchange rate because a low interest rate will be a signal that the

government is willing to maintain the fixed exchange rate regime.

e e¢. Remain constant because under fixed exchange rates the government cannot control the money

supply.

9. A fiscal expansion can reduce consumption if

A l“ﬂf_ { i + SU rs

\o a. The Ricardian Equivalence does not hold.

frﬁp\b The increased government] spending is used in the purchase of i imports only.

4 v
‘ | 0716
“e~c. The exchange rate is fixed: Dy “'O: bd/ eJ ol ( p

Od Households take into account all of their lifetime resources to (lec:]de their current LOI]‘SII}II])E!OI]

N_PR ]’D /90« (//a’f’ ({ ﬂf—

\e The fiscal multiplier in the open economy is too small.
|
‘3]l|1f (,Hrf d

10. Stability in the Debt to GDP ratlo can never be achieved if . v

7L il 7 ni A
d {jﬂth,‘o‘a‘\!r AU
e a. The interest rate is smaller than the growth rate of the economy, aiid the government runs a deficit

eVery period. . [ B

e whab bl
J

H s o PARR YL
e interest rate is larger than the growth rate of the ecénomy.
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s
e c. The interest rate is larger than the growth rate of the economy, and the government runs a balanced
budget. (
— Ay T 19
\ d. The initial debt to GDP ratio is larger than 1.

_.-'/

\ e. The economy is under a fixed exchange rate regime.

2 Short Long Question: Debt (20 points) )
/(L(’) oo} (AT

Assume there is a closed economy which in year 0 has accumulated a real debt of By = 100, its real GDP is
Yo = 100, real government spending is Gy = 20, and l'e'ﬂ taxes are Ty = 17. Assume also that the nominal

interest rate is 5%, and inflation is 3%.
h S

(3 points) a. What is the real Primary Balance to GDP ratlo lnwgzear 07
e = -

’1“}‘;@1—#—4\/ "l-" C

o O;

R\ el o (00 -
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fiidcof] 0 (9n i 1 (d
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(3 points) b. Suppose that the government keeps running a real primary b'\lan& rati ual-to-the one you

found in point a, and that the economy grows at 6% every year. What will the real debt-to-GDP ratio be in

[l ! el e | "
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(3 points) c. Will the real debt ratio be increasing or decreasing over time?
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(3 points) d. Compute the long-run value of the real debt-to-GDP ratio in this economy.
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Now Assume this economy is an open economy under a fixed exchange-rate regime, and that the foreign i H ‘
nominal interest rate is iy = 5%, and the nominalMaterest rate is Ey = 1. [ Q"{
(al(ech o 0 xd! Orveﬁ ok
(4 points) e. If guddenly investors bellewre will be & 10% devaluation of the nommaf exchange rate [
because the real debt-to-GDP ratio is too high, will the domestic nominal interest rate fall or increase? By [ 3*“
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(4 points) [. Under this new domestic nominal interest rate, what would be the real debt-to-GDP ratio in

year 1?7 Should investors be even more worried now?
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3 Long Long (guestion: Open Ecoflomy IS (35 points)

Consider the following open economy: 0

IM =mYe \
: W \et :
mY 1R
X=— & ﬂ\ ! \{0\1
p N X lﬂ\b
where C, Y, Y, I.LIM X, and e denote aggregate consumption, domestic output, foreign output, investment, Q?

imports, exports, and the real exchange rate, respectively. Assume ¢ > 0,0 <¢; <1, >0,0< m < 1,
14+m > ¢ + ¢ > m. We will assume throughout the question that the real exchange rate ¢ (the number of

foreign goods needed to buy one domestic good) is exogenously given. Denote by G the amount of Government
‘Seaasnepced b 15 € )

spending.

(3' points) a. Write an expression for net exports (NX) as a function of ¥, ¥, e and m. Does the Marshall-
Lerner condition hold in this economy? Why or why not?

=0 =pfe < mlomf

\f({s B@C&vﬁa Al dppfec;ai';m w)q’ ?m ond LX J/NX

8 u:nfmﬂb;’j ,/
/
e 7%

6

e § Mx fally  Corter doesny Wld

j ol . (o "l'.v‘.\.f [,: J ;gﬁf 5,,{[/ I ﬂd"{‘mﬁ O\(9
¢ Reades fom fo bo Gpgles Cavehig Nx 3 ol e s



(5 points) b. Write an expression for the equilibrium level of output in the goods market as a function of e,
G, Y and parameters. .

Y= CtI+( +fx
ot e Ygrm - mi

\
Y ‘
|

O em ] = G m)
o

e — g —
e —————

R (IM(Q f/h-

Suppose there is a drop in consumers’ confidence, so that ¢y drops to ¢f < ¢g. Let Acy = ¢, — ¢g < 0 be the

change in ¢p. Let Yy and Y; denote output before and after the drop in ¢y, respectively. Suppose that the
Government has decided to bring output back to its original level, Y. P /{,.‘g)[,{' g L n p 1! :
(= £ i s AR

(4 points) c¢. Can the Government achieve its target with fiscal policy (i.e. changing G)? If so, state the 73:5,};{'
exact amount by which G needs to change (i.e. find AG).
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(4 points) d. Assume the government controls@.')an it achieve its target via exchange rate policy (i.e., via a

devaluation or a revaluation of the exchange rate)? Compute the new level of the real exchange rate ¢’ that
achieves the government’s target, and state whether a devaluation or revaluation is required.
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Suppose instead that the Government wants to bring output back to its original level (Yy), and at the same
time keep net exports at the level after the dlwli'cfh, we denote by NX).

(4 points) e. Show that to achieve this goal the Government needs to use both fiscal and exchange rate policy.
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{4 points) f. In particular, show that the Government needs to combine a real devaluatlon (e’ < e) with an
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(4 points) h. Find home country output (V) and foreign output (Y) as a function of parameters (co, c1, ¢a,

m) and exogenous variables (G, G, e).
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(3 points) i. Can a real deqmtion from the point of view of the home country, (ie a decrease in e) make
both countries ‘better oft?
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14.02 Exam 2

April 21, 2011

Professor: Francesco Giavazzi.
TAs: Joaquin Blaum, Fernando Duarte, Maya Eden, Camilo Garcia, Anna Zabai

Student Name: Section:

1 Multiple Choice Questions (5 points each)

1. Under a fixed exchange rate system, monetary policy cannot be used to stimulate aggregate demand
because

e a. Under fixed exchange rates, the domestic money market cannot be in equilibrium.

e b. Under fixed exchange rates, uncovered interest parity must hold at all times, which makes monetary

policy ineffective.

C. Under fixed exchange rates, the money supply has to respond to changes in the exchange rate to
maintain the nominal interest rate constant.

e d. Under fixed exchange rates, the effect of changes in the nominal interest rate on investment and the
trade balance exactly cancel out.

(]

e. Under fixed exchange rates, demand for domestic goods must be equal to domestic demand for
goods, which are unaffected by the LM curve.

2. In an open economy, as income rises domestic demand for goods increases faster than demand for domestic
goods because

e a. No, domestic demand for goods increases more slowly than demand for domestic goods.

e b. Government spending does not change as income rises.

C. Part of the increase in domestic demand consists of increased demand for imported goods.

d. Consumers always prefer to spend their additional income in the purchase of foreign goods.

e. As domestic income increases, foreign income must fall, since the world trade balance must be zero.



3. The rate of growth of the nominal exchange rate can only differ from the growth rate of the real exchange

rate if

e a. There is a flexible exchange rate system.

B. Inflation in the domestic economy is different from inflation in the foreign economy.

c. The future expected nominal exchange rate is different from the present exchange rate.

d. The trade balance is not in equilibrium (equal to zero).

e e. The uncovered interest parity condition does not hold.

4. The fact that in open economies the current account must be equal to net savings implies that

L]

a. Countries cannot run budget deficits without also running current account deficits.

b. Depreciations are ineffective in reducing trade deficits because they do not affect savings or invest-

ment.

C. Countries with current account deficits must have positive net investment flows.

e d. The nominal interest rate must be equal to the foreign interest rate.

e. Countries running systematic trade deficits will grow slower because investment is reduced.

5. A fiscal consolidation leads to a larger contraction of output under a fixed exchange rate than under a
flexible exchange rate because

e A. Under fixed exchange rates the money supply has to fall to maintain the domestic nominal interest
rate constant.

b. Under fixed exchange rates the fiscal consolidation leads to a fall in investment income.

c. Under fixed exchange rates the spending multiplier is smaller.

e d. Under fixed exchange rates the trade surplus is less responsive to changes in domestic spending.

e. Uncovered interest rate parity does not have to hold under flexible exchange rates.
6. The Government spending multiplier is smaller in an open economy compared to a closed economy

e A. Always.

e b. Never.

¢. Only under flexible exchange rate regimes.

d. Only under fixed exchange rate regimes.

e. Only when the increase in government spending is used in the purchase of imported goods.



7. Depreciations intended to reduce the trade deficit will actually increase it when

a. Investors expect the nominal exchange rate to appreciate in the future.

B. The quantities of imports and exports respond with a delay to the change in the exchage rate.

¢. The Marshall-Lerner condition is satisfied.

d. The fall in the nominal interest rate implied by uncovered interest rate parity induces an increase
in domestic demand.

e e. Domestic inflation is larger than foreign inflation.
8. Under a fixed exchange rate regime, when investors expect a devaluation to occur (i.e., the price of the

domestic currency expressed in units of the foreign currency goes down), the domestic nominal interest rate
will

e a. Be higher than the foreign nominal exchange rate because the devaluation will lead to a reduction
in the trade deficit.

L]

B. Be higher than the foreign nominal exchange rate because investors must be compensated for the

potential fall in the value of their domestic assets.

c. Be lower than the foreign nominal exchange rate because the price of bonds must be high to maintain
investors’ confidence in their domestic assets.

e d. Be lower than the foreign nominal exchange rate because a low interest rate will be a signal that the
government is willing to maintain the fixed exchange rate regime.

e ¢. Remain constant because under fixed exchange rates the government cannot control the money

supply.

9. A fiscal expansion can reduce consumption if

a. The Ricardian Equivalence does not hold.

e b. The increased government spending is used in the purchase of imports only.

¢. The exchange rate is fixed.

D. Households take into account all of their lifetime resources to decide their current consumption.

e. The fiscal multiplier in the open economy is too small.
10. Stability in the Debt to GDP ratio can never be achieved if

e a. The interest rate is smaller than the growth rate of the economy, and the government runs a deficit
every period.

e b. The interest rate is larger than the growth rate of the economy.



e C. The interest rate is larger than the growth rate of the economy, and the government runs a balanced
budget.

e d. The initial debt to GDP ratio is larger than 1.

e e. The economy is under a fixed exchange rate regime.

2 Short Long Question: Debt (20 points)

Assume there is a closed economy which in year 0 has accumulated a real debt of By = 100, its real GDP is
Yy = 100, real government spending is Gy = 20, and real taxes are Ty = 17. Assume also that the nominal
interest rate is 5%, and inflation is 3%.

(3 points) a. What is the real Primary Balance to GDP ratio in year 07

; Go=T: —17
A/ Primary Balance = =20 = 2037 =0.03 =3%

(3 points) b. Suppose that the government keeps running a real primary balance ratio equal to the one you
found in point a, and that the economy grows at 6% every year. What will the real debt-to-GDP ratio be in

year 17
A/ P =1+r-g) + ST = (1+0.05—0.03 — 0.06) 1% +0.03 = 0.99.

(3 points) c. Will the real debt ratio be increasing or decreasing over time?

A/ Decreasing.

(3 points) d. Compute the long-run value of the real debt-to-GDP ratio in this economy.
A/ (B =+r-9) (F) + %50

s Go—TY :
=(§)" = 52— = 553 = 0.75 = 15%.
Now Assume this economy is an open economy under a fixed exchange-rate regime, and that the foreign

nominal interest rate is ¢y = 5%, and the nominal interest rate is Ey = 1.

(4 points) e. If suddenly investors believe there will be a 10% devaluation of the nominal exchange rate

because the real debt-to-GDP ratio is too high, will the domestic nominal interest rate fall or increase? By

how much and why?

A/ By uncovered interes rate parity, the domestic nominal interest rate increases: (1 +ig) = (1 + i) (%ﬂ)
1

The expected nominal exchange rate is E; = (1 — 0.1)Ep = 0.9E,.

= (14149 = (1+0.05) (55) = 1.16

= i’ = 0.16 = 16%.

The domestic nominal interest rate must increase so that investors are still indifferent between holding
domestic and foreign assets.

(4 points) f. Under this new domestic nominal interest rate, what would be the real debt-to-GDP ratio in

year 17 Should investors be even more worried now?

A/ B =(147—-g) + ST = (1+0.16 — 0.03 — 0.06)133 +0.03 = 1.1.

Real debt-to-GDP increases by 10%. Now the real debt-to-GDP ratio will be increasing over time, so investors

will be even more worried!



3 Long Long Question: Open Economy IS (35 points)

Consider the following open economy:

C=c+aY
I =¢eY

IM =mYe
x="Y

€

where C, Y, }-’, I,IM,X, and e denote aggregate consumption, domestic output, foreign output, investment,
imports, exports, and the real exchange rate, respectively. Assume ¢ > 0,0<¢; <1,¢2>0,0<m <1,
14+m > ¢; + ¢ > m. We will assume throughout the question that the real exchange rate e (the number of

foreign goods needed to buy one domestic good) is exogenously given. Denote by G the amount of Government
spending.

(3 points) a. Write an expression for net exports (NX) as a function of Y, Y, e and m. Does the Marshall-
Lerner condition hold in this economy? Why or why not?

A/ i
= mY
NX (Y,Y,e) =0 by
e
Marshall-Lerner condition holds because NX is decreasing in e.

(5 points) b. Write an expression for the equilibrium level of output in the goods market as a function of e,
G, Y and parameters.

A/

Y=cg+c1Y+c2Y+G+m}~’/e—mY
1 By
Y=——+«—— [cu + G+mY/e]
l—ci—ca+m
Suppose there is a drop in consumers’ confidence, so that ¢o drops to ¢ < co. Let Acp = ¢j — ¢p < 0 be the
change in co. Let Y5 and Y; denote output before and after the drop in ¢, respectively. Suppose that the
Government has decided to bring output back to its original level, Yj.

(4 points) c. Can the Government achieve its target with fiscal policy (i.e. changing G)? If so, state the
exact amount by which G needs to change (i.e. find AG).

A/ Yes, G needs to be increased by AG = —Acy > 0.

(4 points) d. Assume the government controls e. Can it achieve its target via exchange rate policy (i.e., via a
devaluation or a revaluation of the exchange rate)? Compute the new level of the real exchange rate e’ that

achieves the government’s target, and state whether a devaluation or revaluation is required.

A/ Yes, via a real devaluation the Government can increase output. The new level of the real exchange rate



€' < e is characterized by

=36 (1)

Suppose instead that the Government wants to bring output back to its original level (Yp), and at the same
time keep net exports at the level after the drop in ¢ (which we denote by NX;).

(4 points) e. Show that to achieve this goal the Government needs to use both fiscal and exchange rate policy.

A/ Mathematically G’ and e’ should satisfy

1 i , mY
i =¥ 2
1_61_62+m{co+G+ e,} 0 (2)
Y
%—mYD=NX1 3)

The second equation implies that the exchange rate must change. But why do we also require fiscal policy?
Because, in the absence of fiscal policy, the exchange rate that brings output back to ¥y was characterized
by eq. (1), which need not coincide with the exchange rate prescribed by eq. (2).

(4 points) f. In particular, show that the Government needs to combine a real devaluation (¢’ < e) with an
increase in Government spending (G’ > G)

A/ Since NX; > N Xy, equation (3) directly implies that €/ < e, in other words, a real devaluation is required.
To see that G’ > G, note that eq. (3) can be written as

m¥ _ m¥
- ="t m(Y - Yi)
[

€
which into eq. (2) implies

1 Y
c{,+G’+mT+m(YO—Y1) =Y,

l—-ci—co+m

Using the original expression for output before the drop in ¢g, (equation 1), we have

G —G=c—ch—m(¥Yy—-1)
=Cg—CE~,—m(Yo—Y1)

Noting that
1
e
¢ 1 l—cp—co+m [0 = cal

we get
G—_G=_1"01"C
l—cg—c+m
From now on, assume that the foreign country is characterized by

é’=cn +01)~’



I=C2?

where C’,f denote aggregate consumption, domestic output, foreign output, investment, imports, exports,
and the real exchange rate, respectively.

(4 points) g. Write expressions for imports (m ) and exports (X) of the foreign country.
A/ Since world trade must be balanced: IM = X = mY /e, and X = IM = mYe.

(4 points) h. Find home country output (¥) and foreign output (}7') as a function of parameters (co, ¢1, c2,
m) and exogenous variables (G, G, €).

A. First find foreign output as a function of home’s output:

1

Y:m [CD+G+mY€] (4)

Then plug this back into the expression found in part 2, to get

P L - {cU+G‘+m—/e(60+@)} (5)

L= ~grm=g_T - l-cp—ca+m

(3 points) i. Can a real devaluation from the point of view of the home country, (ie a decrease in e) make
both countries better off?

A/ No, a real devaluation leads to an increase in ¥ and a decrease in ¥
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14.02

Models of the Financial Crisis ! .

Francesco Giavazzi

April 26, QOIQ}QM%

1This material will be the subject of the last Quiz on May 5. The two
classes after the last Quiz—which are optional—will furher discuss the financial
crisis (A new set of Notes will be posted). ‘o> @, 4 E ®

This recession was different

» This was different from other recessions:
» 1974-75: the shock that started the recession was an increase
in the price of oil
» 1990-91: the shock was a fall in consumer confidence (c ),
possibly associated with the start of the first lraq war

» 2001: the shock was a stock market crash (the burst of the
internet bubble) which hit families, but not banks

» |t is the role of banks and other financial firms that made this
recession different because they worked as an amplifier making the
initial shock bigger and turning this into the deepest recession since
the 1930s

» Understanding this recession thus requires understanding how the
financial system works and why in 2008-09 it stopped functioning

The source of the 2007-10 recession

> The shock that started this recession and eventually resulted in the
US unemployment rate rising from 5 to 10% was an unprecedented
fall in house prices which hit

» families because their wealth mostly consists of the value of
their house

» banks which had issued the mortgages, i.e. the loans with
which families had bought their houses

Financial System

» What is the financial system? What function does it serve?

» The role of the financial system is to transfer the savings of
households to those who need the funds to finance real
economic activity, e.g. set up a new company or expand an
existing one

» Before studying the financial system we need to understand what a
balance sheet is

» The balance sheets of banks and other financial firms are
central to understanding how a financial system works. So far
in 14.02 we never mentioned balance sheets (except, briefly,
when we discussed the bank multiplier and later when we
discussed the balance sheet of the central bank in a fixed
exchange rate regime)



Balance sheet explained to your younger brother

Assets Liabilities

Saving for a rainy day  Other people’s money
Money working for you Own skin in the game

» Assume you wished to set up a company and to start you need
100K$. You have 10K of your own (your skin in the game) and
borrow 90K from a venture capitalist. You then spend 95k to start
the company (this is the money working for you) and put 5K in the
bank as a buffer in case something (small) goes wrong

» Accountants call

» QOther people's money: Debt
» Your Skin in the Game: Equity

» Saving for a rainy day: Reserves

el Assets _ Assets
> Leverage = viisin in the Game — Equity

Balance sheet of a household (thousand $)

Assets Liabilities

House 1.000 Mortgage 900
Stocks 50 Equity 160
Bank deposits 10

» this family has purchased a house with a downpayment of 100 and a
mortgage worth 900. Its net worth (its Equity) is 160: 100 (equity
in the house) 4+ 60 (cash and stocks)

» its leverage (the ratio of Assets to the family's net worth) is
1060/160 = 6.625

The example of the balance sheet of a household

» Consider a household which bought a house financed by a mortgage

» How large is the mortgage as a fraction of the value of the house
obviously makes a big difference

> Also the type of mortgage makes a difference: is the interest rate
fixed, or does it float with market rates? At current interest rates
and at current house prices the household may look perfectly able to
make the mortgage payments, but what if house prices fall, or
interest rates rise?

» To understand how risky is the position of this household we need
to know its balance sheet, i.e. the value of the house and the size
and conditions of the mortgage.

Balance sheet of a household (tHousand $)

» Assume house prices fall 30% and the value of the house falls to
700. The family is broke: it's net worth has become negative:
160 — (100 — 300) = —140 (because the 100 of equity in the
house is less than the fall in the value of the house)

Assets Liabilities

House 700 Mortgage 900

Stocks 50  Net worth —140
Bank deposits 10

» The family is still able to make its monthly mortgage payment: just
looking at flows (monthly income and monthly mortgage payments)
we would not have guessed the family could be in trouble.

» The problem is that this family had too much debt. What would
have happened if its leverage had been 2 instead of 6.6257

» But what does "being broke" mean in practice?

[ I



Balance sheet of a household: the youwalkaway.com
solution

> Assume the mortgage is a non-recourse loan, i.e. if the borrower is
delinquent the bank has only the right to re-possess the house. Now
the bank is broke

household bank
Assets Liabilities Assets Liabilities
House 1000 Mortgage 900 Mortgage 900 Deposits 760
Stocks 50 Net worth 160 Equity 140

Bank deposits 10

household bank
Assets Liabilities Assets Liabilities

House 0 Mortgage O House 700 Deposits 760
Stocks 50 Net worth 60 Equity A 60

Bank deposits 10

Financial System

> Remember: the role of the financial system is to transfer the
savings of households to those who need them to finance real
economic activity

» How can this be done? Start from the simplest case: the economy
of Robinson Crusoe

Robinson has a project: a land to farm. In his economy there is no
financial system, because Robinson has no one with whom to trade

Assets  Liabilities

Projects  Equity

Projects (farming) are wholly owned by the farmer. In this economy there
is no borrowing, and no "delegation", thus no need to monitor the
managers who carry out the projects.

Balance sheet of a household: assets as additional
collateral

» Assume instead that the mortgage contract gives the bank the right
to re-posses not only the house, but any other households' assets.
Now the bank survives: its equity is zero but not negative.

household bank
Assets Liabilities Assets Liabilities
House 1000 Mortgage 900  Mortgage 900  peposis 760
Stocks 50  Networn 160 Equiy 140

Bank deposits 10

household bank
Assets Liabilities Assets Liabilities
House 0 Mortgage 0 House 700 Deposits 760
Stocks 0 Net worth 0 Assets 60 Equity O

Bank deposits O

Financial System and Delegation

» Who owns the savings rarely is the best person to run a project
which uses those savings

» Modern economies have contracts that allow to delegate the
running of projects to others

» The financial system provides the institutional framework to do this

Delegation without intermediaries

Firm's balance sheet Household’s balance sheet

Assets Liabilities Assets Liabilities

Projects Debt Firm's bonds
Shares Firm's shares  Equity

oFo o« E i



Financial System and Delegation via Banks The Financial System

» Now that we have understood why balance sheets are important
e (because they give information on leverage) we can repeat the
Assets. Liablllt[es exercise for all sectors of the economy

Lgi;;:;ﬁ;?;s Equity (share??spsf;;sby the bank) » The data that allow us to do this are in the Flow of Funds matrix
» The matrix (produced, for the U.S., by the Federal Reserve) reports

the balance sheets of all the different sectors of the economy:

households, firms, banks, state and federal administrations

(http://www.federalreserve.gov/releases/z1).

Bank's balance sheet

Firm's balance sheet Household's balance sheet
T o » For each sector the matrix reports how much it has borrowed, how
Assets Liabilities Assets Liabilities much it has lent, through which financial instruments (bonds,
y stocks, bank deposits, etc) and to whom.
i B Firm’ ' !
Projects Debt (Bonds) frm.s bonds » The next slide reports the balance sheets of the three main sectors
Bank loan Shares of firms and banks : .
S, B N Equit of the U.S. economy in 1990 and in 2009 (we compare these two
P e d years to show how the economy has changed in two decades)
g @ Dal - Eowae
Balance Sheets (US $, trillion): 1990 and 2009 Flow of credit from lenders to borrowers
HOUSEH. FIRMS BANKS
1990 2009 1990 2009 1990 2009
Assets 28 682 78 263 123 635
of which: financial assets 140 452 25 143 123 635
fealiassetsi(nolSesana plats),. BB O AR B - ’ » The Flow of Funds Matrix also keeps track of the borrowing and
DEBT 38 210 37 136 118 596 . .
. lending that goes on among all the different sectors of the economy
- of which mortgages 24 203 02 1.0 - . :
EQUITY T . SEOUNE > For each sector the erjtrles in the matrix rep?n h-ow m'uch it has
LEVERAGE = assets / equity 12 15 S EANE . g borrowed, how much it has lent, through which financial

instruments (bonds, stocks, bank deposits, etc) and to whom

» Along the columns of the Flow of Funds matrix "u" indicates the

P leverage varies across the economy. In the case of banks it has increased significantly in the past 20 years,
uses of funds, i.e. lending, "s", the sources of funds, /.e. borrowing

P not all households are as highly leveraged as the one in the example above (whose leverage was 6,625).
Households' average leverage is 1,5 because the value of their houses is typically much higher than the
value of their debts, which are mostly mortgages. This is because few mortgages are "bullet mortgages":
as time goes by families pay down their mortgage.

P for banks, on the contrary, leverage is very high. In 2009, with a leverage of 17,6, a 6% fall in the value of

bank assets was enough to wipe out their equity and bankrupt banks



Flow of Credit: an example (#'s are made up) Why keeping track of credit flows is important

» Households don't lend to firms directly: they lend to banks. Firms

households  firms banks total

S S P ey don't borrow from households directly, but from banks.
Savings 90 62 0 152 » Households use their savings (90) in part to buy houses (67), in
Real investment (houses, plants) o 85 0 152 part to accumulate financial assets (33 = 35 — 2). But they also
A money (bank deposits) -2 3 L. k. 4 borrow 10 from banks. Their net lending to banks is 23 (33 — 10).
A other financial assets 3 14 51 100 This net amount (23) is lent out from banks to firms, and is what
A fin.liab.(borrowing from banks) 10 a0 50 100 provides them with the cash needed to invest (85 — 62 = 23).

100 100 102 102 51 51 253 253

» For firms too their net borrowing from banks (23 = 40 — 17) is
("u® indicates uses of funds, f.e. lending, "s", sources of funds, i.e. borrowing). different from their gross borrowing. The gross borrowing is 40, but
of this amount firms lend 17 back to banks.

P Net flows: savings (152: 90 by hh, 62 by firms) = investment (152: 67 by hh who buy houses, 85 by » Banks too lend to each other. Their net [ending to each other is
firms). What househalds don't use to buy houses they lend to firms. zero, but this is the result of gross borrowing of 51 and gross
P Gross flows: assets purchased (253) = assets created (253) |ending of the same amount

» The bottom line is that there is borrowing and lending in the

101 worth of assets are created by banks: deposits (1) + other bank assets (100) sold to households, firms and
economy beyond what is needed to finance the investment needs of

other banks
households and firms.

(=] « e « B o ] D> I B, §ie ¥ i

Why such much lending and borrowing back and forth? Why do banks exist?

» Why do households and firms borrow from banks (10 households, 40

firms) and then lend some of this back to banks? ) N :
» Banks (and other financial firms) exist because peopléin the

» Why do banks borrow from and lend to each other? economy are different: they have different skills and different needs.

» Banks (and the financial system more generally) help solving the

Answering to these questions is the first step in understanding: problems posed by these differences.
» why banks exist? More generally, why does a financial system exist?

» what do banks do, and how did it happened that banks and the
financial system in 2008-09 almost stopped working?
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Why do banks exist? First example [@( M/)\?U\. Why do banks exist? Second example Z(/‘"‘! &l 2

» Entrepreneurs are very special individuals. Their characteristic is to
have the skills necessary to turn ideas into projects and then running
them. They do this borrowing from people who do not have these
skills. Investors are happy to lend to entrepreneurs because they
hope to participate in the returns produces by the exploitation of » another role banks can play is associated with the fact that
smart ideas they can transform maturities, i.e. borrow by issuing demand

deposits and lend for 30 years

» Some agents wish to hold very liquid assets (demand deposits).
Other agents need to borrow long term, e.g. a 30-year mortgage to
buy a house or to build a new plant.

» The contract between a lender and an entrepreneur is complicated

> entrepreneurs may not have the incentive to run their project We shall now study two models which describe some the mechanisms
diligently enough (once they have raised the funds from

investors they may prefer to spend time on the beach), and
» lenders (small investors) cannot observe how diligently the
entrepreneur is running her project, thus they can be fooled

underlying these two reasons why banks exist. In both, as we shall see,
balance sheets are central. (Of course our list of reasons why banks exist
is not exhaustive: there are a few more, like the fact that banks may be

; : 2 better at evaluating the firms' projects.
» this "lack of trust" can be overcome if entrepreneurs risk enough of & R )

their own in the project 1. Entrepreneurs, banks and small investors
» banks can facilitate the contract between entrepreneurs and lenders, 2. The benefits and the risks of transforming maturities and providing
monitoring the entreprenurs, thus facilitating the flow of savings liquidity

from the one to the other

« O o

;E?taéepreneurs, banks and small investors 6/%[) }fti/&ﬁ)/ﬂ The contract between entrepreneurs and small investors

[Bengt Holmostrom and Jean Tirole, "Financial intermediation, loanable WHD{},?

funds and the real sector", Quarterly Journal of Economics, 1997] Since A < /, the idea, to be implemented, needs outside funding.

Assume there are only small investors. They are small in the sense

There are 3 actors in the economy: entrepreneurs, small investors that they do not have the resources to monitor how diligently the
and banks entrepreneur whom they have financed runs her project
Entrepreneurs

» Entrepreneurs can affect p, the probability of success, by
» there are many of them; each one has deciding how much effort to put into running their project.

» an idea that costs / dollars to implement This creates a moral hazard if their effort cannot be observed

> an amount A of cash they can dedicate to their idea, A </ » If they put little effort they enjoy a private benefit B (e.g.

anide ipleentad today will peoduice tomarrow they spend more time on the beach, less on their project)

» if private benefits are 0, p = py

it :
k= 0 Wit prebip » if private benefits are B, p = p; < py

» 0 with prob (1 —p)

% _ " : ol > i g
» if they don't invest their cash in their idea, entrepreneurs can Small investors do not observe the entrepreneur’s effort

buy a safe government bond whose return is 0 < ¥/ < R

L . -, : S a e - . &
5 ] pE-N4 =] ¥



The contract between entrepreneurs and small investors How to make sure that entrepreneurs are diligent

To make sure that she works hard and thus achieves py, small
investors need to offer the entrepreneur a contract that is
sufficiently attractive to induce her to work hard. Consider the

We assume that returns are such that investing in the following contract:

entrepreneur's idea yields a higher return than investing in a safe » if the project succeeds R will be divided between Rg for the
government bond only if the entrepreneur puts in enough entrepreneur and Rs for the investors with Rg such that the
effort: entrepreneur has an incentive to put in py

» pyR > vl » Re must saitsfy

pHRe = pLRe + B
» ptR+B <l
Re > B/ (pn—pL) = B/Ap

» Note that, as pp — py, the contract becomes unfeasible
because giving the entrepreneur the necessary incentive
becomes impossible

Pledgeable income To have an incentive to be diligent the entrepreneur must
contribute a minimum of her own to the project

» Consider the small investor. If he does not finance the project,

» Since Rg > B/Ap for the entrepreneur to be credible when his alternative is to buy the safe bond with a return y. Thus
he commits not to shirk, not all the income produced by the he will only invest if
roject can be pledged to outside (small) investors
ek PR {mal) pHRs 2 v (I — A)
Rs < (R—-B/Ap) < R » and since

Rs < (R—B/Ap)
» small investors will lend as long as

A=A(y) 21— [pu/v(R—B/Ap)

» Limited pledgeability arises because of the moral hazard
problem of entrepreneurs

» Limited pledgeability is what makes contract theory (a lively

branch of economics) interesting. It is also what opens up an i.e. unless the entrepreneur contributes a minimum amount of
intersting role for financial intermediaries (banks) because her own, A(7), she cannot credibly commit to py
sometiimes gney eall stkenliaterhs:mofa) hazare-prablem » which will be the return for small investors when they invest in

the project? Competition among them will bring it down to 7,
the return on their alternative option, which is investing in
safe bonds R e

Y



How can banks help
Banks are large investors who can finance the entrepreneur's
project. Beyond financing her project, banks can also monitor how
diligently she runs it. They cannot control the entrepreneur
perfectly (i.e. make sure B = 0) but by spending some money they
can avoid "extreme" negligence, i.e. they can reduce the
entrepreneur’'s outside benefit to b < B. When the entrepreneurs
enjoys b the prob of success remains p;. Monitoring costs c.

» if the project succeeds, R will be divided between Rg , Rs and
Rg
» the entrepreneur must be guaranteed

Re > b/Ap

where the only difference is that now b < B
» the bank must be guaranteed

pHRs —c = pLRs

Rg > c/Ap

Why does the entrepreneur go to the bank at all?

» Monitoring is costly, thus B > <. This means that the
entrepreneur will finance through the bank as little of the

project as possible. But why does she go to the bank at allZ—.
» When Rg and Rg are such that the entrepreneur has an C'omwf:o,]

incentive to be diligent, and the bank has an incetive to
monitor, small investors get

Rs = pu [R— (b+c) /Ap] £ R’ “Jf'C;

and must contribute /| — A — [g. Since their alternative
remains the safe bond, they will finance the project provided

Y[ = A—1Ig (B)] < pu [R — (b+c) /Ap]
» This condition can be re-written as
AZ A B)=1—-1Is(B)— (pn/7) [R—(b+c)/Ap]

= “

P e

DA

The minimum amout banks must contribute to be credible

when they say they will monitor the entrepreneur

» For banks to have an incentive to monitor
Rg=> c/Ap

» Let /g be the amount of capital that the bank invests in the project
it monitors. Then the gross return (that is not counting the
monitoring cost ¢) to the bank

pe pHRB < PH.¢
IB IBAP

» Thus for any given B, Ig > ‘E—!’E\’%
must contribute to be credible when it says it will monitor the

is the minimum amount the bank

entrepreneur

» Note that a bank that has no capital—and thus can contribute
nothing of its own to the project—and simply finances all its loans
issuing deposits is useless (at least if we think that the main reason
why banks exist is to monitor firms)

Y- :

Which Project Are Financed?

Monitors Investors
p ;4 ¥
0 L 4 ' @ y '
Projectis *Indirect — "Direct
noljfunded A(Y-ﬁ ) finance" Aly) finance”



Direct and Indirect Financing What can go wrong? (1)

[Monitors |« Y [;';;_;;m;] A could fall

i Assume the entrepreneur contributes the real estate, for instance
the land where the project is developed. If real estate prices fall, A
p ¥ ¥ will fall. If it falls below A(7y), projects that previously could be
financed only by small investors, now need a bank because the
value of what the entrepreneur contributes is no longer sufficient to

f

attract small investors.
’ P = 4 "'l"ﬁl"l:( - "D: ’A
not fandod ﬁ{?‘p) finwce® Aly) l'mu:gi'
, L da
‘ L o '\-\(“O'; {

3\;“:‘_, prdH

c 5 i ) = ] S L84
What can go wrong? (2) What can go wrong ? (3)

Remember that /g > %ﬁg. If the bank claims the cost of
monitoring, ¢, is small (or underestimates the cost of monitoring) Ig (B) could fall.
it will contribute too little to the project. Ex-post it will have no
incentive to do the monitoring. In this case the entrepreneur’s

private benefit will remain B because

The bank may not have enough capital to credibly commit to
monitor entrepreneurs. Remember that the minimum amount a
bank must contribute to the project is /g(B) = 545 If it commits
b B less then /g (B) its return is insufficient to cover the cost of

== A_p = Ap monitoring, thus the bank will not monitor.

and p = p;

o <& . B oAy



What happened before and during the crisis ?

Each one of the three things that could go wrong has gone wrong:

1. before the crisis banks had reduced their direct investments in the
projects they had financed. They had done this selling their loans to
other investors (what is called securitization, assembling a large
number of mortages and building a financial security which contains
them all.) The benefit was less exposure to risk; the cost was
reduced incentive to monitor.

2. banks' capital fell during the crisis. This means that banks had less
capital for direct lending.

3. the fall in real estate prices and in asset prices in general, reduced
the value of A, the resources entrepreneurs could commit to their
projects.

Mol 7

A model of liquidity

[Diamond, D., and P. Dybvig—Bank runs, deposit insurance and liquidity", Journal of Political Economy, 1983]

» t = 0 agents start with 1 unit of endowment. Investment decisions
are made. 2 technologies are available:

» one delivers 1 unit of output in t = 1 for each unit of output
invested in t =0

» the other delivers R > 1 units of output in t = 2 for each unit
of output invested in t = 0. However, if this technology is
liquidated in t = 1 it delivers L < 1 units of output

» t = 1and t = 2: agents consume
» there are 2 types of agents (and very many agents of each type)

» "patient", who consume only in t = 2 and nothing int =1
» "impatient" who consume all in t =1
» agents learn their type only in t = 1 all they know in t =0 is
prob(being patient) = 7
prob(being impatient) =1 — 71
» of course if you knew your type in t = 0 you could invest
everything in one technology or the other.

¢ A

2. The benefits and the risks of transforming maturities
and providing liquidity

» The second role banks can play is associated with the fact that they
can can "transform maturities", i.e. borrow short (by issuing
checking accounts) and lend long (e.g. for 30 years).

» This is useful because some agents in the economy wish to hold
very liquid assets (checking accounts), while other agents need to
borrow long term, e.g. a 30-year mortgage to buy a house or to
build a new plant.

» Without a bank it would be harder to find a mortgage. Assume all
households wished to keep their savings in checking accounts: then
who would by a 30-year mortgage?

The world of Robinson Crusoe: no banks and no one with
whom to trade

Call / the amount agents invest in the technology with return R at
t = 0. Then their consumption options are

> if impatient: ¢f = (1—/)+LI=1—(1—L)/<1(=1only
for | = 0)

» if patient: ¢ = (1= 1)+ RI =14+1(R—1) < R (= R only
for [ =1)

where A stands for "Autarky", Robinson's world

o B 43 B 9ag
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Market economy (when there is someone with whom to
trade in t=1)

Now in t = 1 agents can trade. An agent who finds out he is impatient
can issue a bond that promises to pay 1 unit of good in t = 2, sell it and
eat. The price of this bond is p. Clearly p < 1, otherwise (for those who
buy the bond delivering the good in t = 2) storing the good would be
better. Investing / in t = 0, you can now obtain

» ¢; = 1— [+ pRI if impatient, in which case in t = 1, he will sell
_RI bonds

> = 11;—” + Rl if patient, in which case in t = 1, he will buy R/
bonds

In t = 0 agents choose {!, 1, Cg} taking the price p as given (there are
many agents and no one thinks he can influence p). The price p has to
be such that the agents' choices are feasiblg, i.e there are enough
resources to provide ¢; and ¢ in each period.

Market economy (cont.)

The only feasible equilibrium is p = 1/R where agents choose
» ¢ = 1 if impatient
» &y = R if patient
» Te0,1]
In order for these choices to be feasible 7 must be such that
1l-meg = 1-1
mé = RI

So T must be equal to 7.

Market economy (cont.)

If p > 1/R, agents choose:
1=1.8=pR.&=R.

If p < 1/R, agents choose:

=0ty =lsts = 1Fpl

Neither p > 1/R , nor p < 1/R are feasible because they imply that
{Z‘l, Z‘g} exceed the resources available to the economy

» p>1/R=I1=1&=Rand =pR > 1: thisis
unfeasible

» p<l/R=1=0,& =1and & = 1/p > R: this is also
unfeasible

o B «Fr R

Why the market outcome is (in general) not optimal
The market equilibrium is:
> c{w = 1 if impatient
> czf” = R if patient

i.e. agents who find out they are impatient forgo R and consume 1 < R.

» the market economy yields the same allocation agents would have
chosen had they known their type in t = 0.

> j.e. it eliminates the inefficiency caused by uncertainty (the Autarkic
equilibrium is inefficient: there is always some liquidation).

> {c{w= 1, c¥= R} may not be the best solution. If in t =0
agents could insure against the possibility that in t = 1 they find
out they are impatient, they might wish to consume
{ef> 1, c5< R} where * denotes optimal consumption levels.
How could they insure? 2

2We are assuming that agents give identical importance to
consumption in the two periods, i.e. there is no discounting. In other
words agents maximize U = mu(c!) + (1 — 7) u(cf). They will wish to
insure provided u’(1) < Ru/(R) where v’ is the marginal utility of
consumption. T ¥ ®




How can a bank improve upon the market outcome

» Assume we want to achieve {ci> 1, c3< R, ¢f< ¢35}

» in t = 0 the bank issues demand deposits: in exchange for a
deposit of one unit at t = 0, agents receive either ¢{ at £ = 1, or
¢y at t = 2. To.achieve this the bank, in t = 0 stoigs (1 — 77) ¢f
and invest§ 7tcy / R i the technology which yields R in

» the bank achieves the optimal allocation provided no individual
withdraws at t = 1 unless she does not have to, i.e. unless she
discovers she is impatient. No patient consumer withdraws in t = 1

» provided ¢{ < ¢ this assumption is not unreasonable because it
would be irrational for a "patient" consumer to withdraw at t = 1
pretending he is impatient.

Bank runs: possible remedies

> Narrow banking. The bank invests nothing in the illiquid technology
\~__—‘——
and storfj everyth

dn é)e Wf“l'fam Any ﬁnc

» Suspension of convertibility. The bank has the option of stop paying
its depositors when it runs out of cash. This means that any client
who shows up "late" will see her/his deposit transformed from a
demand deposit to a 2-period bond

» Deposit insurance. The government steps in when the bank runs
out of cash

Bank runs: why can they happen

> suppose a patient consumer anticipates that all other patient
consumers will pretend they are impatient and withdraw at t = 1

» at t = 1 the bank must liquidate all its long term investment. The
total amount of resources available to the bank are
(1—m)cf + eyl < (1 — ) ¢f + mefL < ¢f: the bank is
thus unable to pay ¢f to all its clients and fails

» thus the bank fails provided depositors anticipate that a large
enough number of them will want to withdraw early
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Leverage: anot%er reason for the fragility of banks

O <5 = =

I

» Now that we have understood why banks exist, we return to
their balance sheets

» We have seen one reason why banks' balance sheets are
important: if banks have less capital they will do less
" vﬂ@\f{a monitoring and fewer projects willbe financed. Thus a fall in
W asset prices that hits banks' capital will result in lower
O\r;/\,ﬁ investment and could start a recession

» Now we study another channel through which banks' balance
sheets could start a recession

» Remember that the reason banks (or firms, or households)
hold equity is to absorb possible losses on the assets they own

*'T/I?% {oafr/\/up/’



Leverage

Now use the expression for the leverage ratio A = ?‘%

The probability that a bank will go broke is

K 1
P j (O e —ia
rob (p< acL) Prob (p< 1 :x/\)

» for given &, the probability that a bank will go broke is an
increasing function of the leverage ratio A

» for given a, the value of A such that Prob(p < 1 — ﬁ) = 5%
is +rcreasing-with Var(p) 3

el (Corelsy

3This is strictly true if the ditribution of p is Normal. It is not true for some
other distributions. O . 3

Leverage and the Crisis

» In the years before the crisis macroeconomic volatility was
low, thus Var(p) was low

» low Var(p) meant that banks, for given «, could afford a
relatively high A—or, for given A, they could afford a higher a
(they could hold a higher share of risky assets)

» at the start of the crisis volatility suddenly increased and
banks responded by lowering A and a. But this

» takes time because raising capital and reshuffling the bank’s
assets takes time
» it also means that the bank sells risky assets

» if it sells loans to firms (or stops lending to firms), this
negatively affects investment

» if it sells other risky assets, such as shares, it pushes share
prices down precisely at a time when the stock market
(beacuse of the crisis) is already falling. This could generate a
negative leverage cycle

Leverage Ratios for some U.S. and European Banks before

the crisis
U.S. banks:
Bank of America 11.7
Citigroup 19.2
JPMorgan 12.7
Wells Fargo 12.0

European banks:
Deutsche Bank 52.0

UBS 53.4
Credit Suisse 227
Fortis 255
Dexia 36.8
BNP Paribas 28.5
Barclays 37.8

Royal Bank of Scotland 21.7

The leverage of some European banks is very high. But banks may have a high /]L and still be safe by keeping (X

low-and indeed this was the case for most European banks which owned lots of safe government-bonds.

Leverage Cycles and Fire Sales
Assume for simplicity ® = 1. The bank’s initial balance sheet (with
leverage = 10) is
Assets  Liabilities
110  Deposits 99
Capital 11

Balance sheet after the fall in asset prices (leverage = 10,9)

Assets Liabilities
109 Deposits 99
Capital 10

The bank can return to a leverage ratio of 10 selling assets and paying
back deposits
Assets  Liabilities
100  Deposits 90
Capital 10

The bank ignites a fire sale: it sells assets precisely when asset prices are
falling ! el e



Leverage Leverage
The Bank's Balance Sheet today

» Assume a bank has an amount of deposits Dy and an amount

- E Assets Liabilities
of equity (K). Itsliabilities are L = Dy + K, equal to its total (1 = ) L{reserves) Ee B et
B ®L (loans and other risky investments)
> The bank holds two types of assets The Bank’s Expected Balance Sheet tomorrow
> Ifoans and other investments (what we called Money working . Liabilities -
> rce)ge)f/zg (what we called Savings for a rainy day) (=gl Deposits: Do

p(al) Capital: K+ (p—1) (aL)
» Let a be the fraction of total assets invested, and (1 — ) the

fraction kept as reserves . ) :
P » Here we see why banks hold equity (or capital): in order to be

» Investment is risky: for each dollar invested today you get p able to absorb losses (or gains) on their assets. Note that the
dollars tomorrow; where p is a random variable. We may capital tomorrow is equal to the original capital plus the
assume E (p) > 1 still with some probability p <1 capital gain (p — 1) (xL)—which is a capital loss for p < 1

» The bank's leverage ratio is A = 4558t = L the ratio of total
g - ge, » K . K
assets (equal to total liabilities) to capital

Leverage Leverage
What is the probability that a bank will go broke?

The bank goes broke if K + (p — 1) (aL) < 0.

2 K
Note that we can rewrite the condition as Prob (K + (p -1 (n:L) < 0) = Prob (p S _)

al

K+(p—1)(al) < 0 which is increasing in « : the higher the fraction of total assets the
K+pl)—(al) < 0 l;an‘I: invests in the risky asset, the higher the probability it goes
by roKe.
K+p (pf!‘) —(al)+(1-a)l < (1-a)lL How do banks choose a? They choose it so that the probability of
K+plal)+(1-a)l < L going broke is less than or equal to some number—say 5%
plal)+(1—a)L < L-K 3
plal)+(1—a)L < Do Prob(p<1'—ﬂ)§5%

The last line says that the bank is broke when the value of assets

y . the above inequality determines the value of a.
tomorrow is not enough to pay for deposits

| (p — 1) &L | is also called the bank's Value at Risk. K should be
large enough to absorb a loss equal to | (p — 1) aL | which occurs

i with a 5% probability. Ji e ol
/ nat Vaz:[(p—l) 4L
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Raising Capital to Avoid Fire Sales Writedowns and Re-capitalizations: 08/2007 - 08/2008

1 Sum of Wriedown & Loss I Sum of Capdd Rased

Balance sheet after the fall in asset prices (leverage = 10,9)

Assets Liabilities
109  Deposits 99
Capital 10

The bank can return to a leverage ratio of 10 instead of selling assets, by
rasing capital

Assets Liabilities
109  Deposits 99
Capital 10,9
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Problem Set # 6
14.02 Spring 2011
Due April 29

April 22, 2011

1 True/False [20 points]

Please state whether each of the following claims are True or False, and provide
a brief justication for your answer. You may include graphs and equations to
support your answer.

1. "Deposit accounts by consumers are considered part of banks’ assets" [5
points]

2. "In the Holmstrom-Tirole (1997) model seen in class, an agent who is not
wealthy enough to be financed by a small investor may be able to obtain
finance from a bank." [5 points]

3. "In the Holmstrom-Tirole (1997) model seen in class, if the entrepreneur’s
action has no effect on the probability of success (py = pr, = p) then the
entrepreneur will not be able to get outside finance from a small investor".
[5 points]

4. "If the maturity of a bank’s assets coincides with the maturity of its lia-
bilities, then the bank is not subject to a bank run." [5 points]

2 The Holmstrom-Tirole Model [40 points]

Consider the Holmstrom-Tirole model discussed in class. Assume there are
many entrepreneurs and many small investors (but no banks). Entrepreneurs
have cash A, and an idea for a project that costs I > A to implement. The
project is risky. Its return can either be R > 0 with probability p, or 0 with
probability 1-p. The entrepreneur can affect the probability of success: p = py
if he works hard, while p = p; < py is he does not work hard. Assume that
the entrepreneur’s actions are not observable to the outside investor, and that
the entrepreneur gets a private benefit of B units of cash when he does not



work hard. Investors have access to a Government bond with return . Assume
further that:

pgR > ~I (1)
ptR+B < ~I (2)

A small investor can fund an entrepreneur by providing I — A units of cash.

1.
2.

3

Explain in words what conditions (1) and (2) mean. [5 points]

A contract between one investor and one entrepreneur can be characterized
by (Rg, Rs). What do Rg and Rg stand for? [5 points]

. Write a condition that guarantees that the entrepreneur will work hard.

Explain the intuition behind this condition. [5 points]

. Write a condition that guarantees that the investor is willing to fund the

entrepreneur. [5 points]

. Show why the condition derived in point 4 implies the entrepreneur’s

wealth (A) has to be greater than some threshold (which depends on
I,py,7v and Rs). [5 points]

. From now on assume that Rg is the smallest possible value compatible

with the condition you found in point 3. Using this information, re-write
the wealth threshold found in point 5 as a function of I, py,pr,7, R and
B. [5 points]

. Suppose that the probability of success when the entrepreneur does not

work hard (pr) increases. Is this good or bad for the economy? Ex-
plain intuitively. [Hint: consider what happens to the wealth threshold]
[5 points]

. Suppose that B increases. Is this good or bad for the economy? [5 points]

A Model of Bank Runs [40 points]

Consider the model of Diamond and Dybvig (1983).

1.

In class we have seen that the market allocation is given by ¢ = 1 and
M = R, while the "autarky" allocation was ¢! < 1 and ¢! < R. How
is the market able to do this? No need to reproduce the algebra of the
notes, just explain intuitively what is going on. [5 points]

. Consider now the arrangement with banks. Each agent gives its endow-

ment unit to the bank at t=0. In turn, the agent is entitled to ¢] units of
consumption at £ = 1 or ¢5 units of consumption at ¢ = 2. Show that the
aggregate resource constraint for the economy is:

=1 (3)

ch-l—(l—?r)%



[5 points]

. Show why, in the arrangement with banks, it is possible to have ¢} > 1,
and ¢; < R. [ Hint: use equation (3)]. [5 points]

. Explain, intuitively, why the agents may prefer the allocation (¢}, ¢3) with
1 < ¢} < ¢; < R, to the market allocation. [5 points]

. Could the bank offer ¢f > ¢} as a contract? [5 points]

. Explain why a bank run may occur. In particular, explain what should
a patient agent do if she expects all other patient agents to show up at
t = 1. [5 points]

. Suppose that the bank follows a "suspension of convertibility" policy. It
announces that it will pay ¢} to the first m depositors who withdraw at
t = 1. If more people show up at t = 1, it will tell them to wait until t=2
to collect c5.

i. If all of the other patient depositors try to withdraw, what is the best
thing for a patient depositor to do? [5 points]

ii. Does this policy solve the problem of bank runs? [5 points]
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