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I Problem 2 — Bank Money Creation

* Money model with CIA constraint in production (as
Problem 3 last week)

" Now we add money-creating banks:
" Bankers with wealth share n;
* Can invest in money and loans (return drf)

" [ssue deposits (return drtd)

" Deposits relax household CIA constraint
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I Part 1 — Formal Model Description

= Return processes
= Money

drm — (cp( ) — 0+ pu? “) dt + odZ,

= Deposits and Loans

dré = iddt + dri™, c::lar‘*fE = itdt + dr!" Jrjifa’JE
= Net worth evolutions
= Bankers b "
ﬂf;tt _ Cb mbzdrt +9£bzdﬂz+9f,b,z’dr§1
n," n,"

= Households

h‘?:, h,z
dny’ c N d.h. ko hi Chi o 07
= ——Ldt + 6] Widr 4 9P drd 4 Rk - gl gyt
ntz,z n;z
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I Part 1 — Agent Problems

= Bankers
= Maximize utility [E[fooe_pt log c2* dt]
» Choose {c } {Hmbl} {Hdbl} {6“”}

" St
= net worth evolution
= 9Pt 4 9P 4 gl =
= 9P >0
= Households
* Maximize utility E[[” e 7Pt log c; M dt]
s Choose {c }{lt} {Hmhl} {Hdhl} {H{’hl} {Hkhl}

" St
= net worth evolution
= M+ oM+ gl 4 g =1
. etm,h,i’ th,h,i, th,h,i >0
= cash-in-advance constraint
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Il Part 2 — Frictionless Case (no CIA)

® Banker portfolio choice deposits vs loans
d _ 4

It = lt
" Banker and Household choice deposits vs money
i¢ >0
... and with “=" if the agent holds money
= Someone has to hold money in equilibrium = if =0

" Conclusions from these preliminary considerations
= dr® = drf = drf
" The three nominal assets are perfect substitutes for all agents

= gross quantities of deposits and loans are not determined by
equilibrium conditions (can always add more deposits and back with
additional loans)
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I Part 2 — Frictionless Case — Money Valuation
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" Derivation of money valuation equation is standard
= Jse |oans as benchmark asset
= Portfolio choice of net worth relative to loans

u'+p—pp —i; =0

1— 9 4 _ ~h~n,h
pw o=y — i =G0,

" Take n-weighted average, rearrange y
here iy =0

| 1 P
py =p— (1—9)" 57 —/E/

" Combine with first equation for n drift

1
- (1 —9;)% 62
1 —n




I Part 2 — Frictionless Case — Steady State

= Recall:
(1—19;)° 62

" This is always negative!
= steady state mustbeatn =0

" Then steady-state money valuation equation is standard
p=(1-19)6"
=9 =9P

~

" Get same equilibrium as in Lecture 5
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I Part 3 — Risk-free Loans
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= Now add CIA constraint, but loans remain risk-free

" Banker portfolio choice still implies

it =it

= For households now

-f -d h h,

Where (compare last week)
= ) price of transaction services (for households)
» p¢ = 1 transaction services provided by deposits
 pt = O transaction services provided by loans

= Combining the two conditions: A} = 0

= As long as if — i > 0, bankers issue deposits to make

more loans and earn a spread

" |n equilibrium, bankers create so much deposit money
that CIA is slack



I Part 3 — Risk-free Loans — Balance Sheet Size

" Bank balance sheet minimal, if outside money held by
households

® Cash-in-advance constraint requires
1—1,

Uy dh%) 1—1 dhi
+60."" ) >a-a— < (1—n)0,""" >a-a ,,
(1—1% ‘ g t g + ¢

= Multiply by net worth and integrate

:Dt

1_%)]95;1 Midi > - a K;qM ON'=a-a(l—n) K — (1 —n) g K,
t

= Thus (using known g™ expression)

1+ ¢a
NtbwLDtZ (ﬂﬂ+(ﬁtﬁt)1ﬁt+¢p) K
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[ Part 3 — Risk-free Loans — Allocation Impact of
CIA Constraint

" Does the CIA constraint have any impact on the
equilibrium allocation?

= No, multiplier is zero, /1? =(
" Agents would make same choices if constraint was absent

= Conclusions:
" 3gain same allocation as in Lecture 5 model

" in presence of money-creating banks, medium-of-exchange
role of money not relevant for determining value of outside
money

» from perspective of this model: BruSan are right to emphasize
store of value role of money
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I Parts 4 and 5

=" Why may banks not create arbitrary quantities of money
in reality?
1. Regulation, e.g.

a) leverage constraints
b) reserve requirements

2. Limited competition
(do not compete spread if — ig all the way to zero)

|
w

Bank assets are risky

" \Want to explore 1b) and 3 in parts 4 and 5
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I Part 4 — Reserve Requirements

* Change: bankers must hold i € [0,1] units of outside
money (required reserves) for each unit of deposits they
Issue

» Adds a portfolio constraint

d.b,i m.b,1

= Questions:
1. When does the requirement matter? (parameter condition)

2. Steady state values of n and 97

3. Show that this leads to the “money multiplier model”
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I Part 4 — When Does Requirement Matter?
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" For Y < 1, itis efficient for banks to hold all outside
money

" Then aggregate version of reserve requirement is
M
YDy < qp Ky

" In equilibrium from part 3, Dy must be large to satisfy CIA

D; > «a-aK;
* So requirement does not matter if |aa, —M + @ (for g
as in parts 2-3)
= Conversely: requirement matters if
1+ ¢a

(IR a,Kt>q 'K, & yaa >0

1 -39+ op



I Part 4 — Steady State — Money Valuation

= Can still use loans as benchmark asset (does not enter
CIA, so no additional terms relative to part 2)

" Then money valuation and n drift are as before

t 1
U 2 ~ Y
He =P — 1 —n, (1—=9:)"6° — i
w, = — ! (1 — ;)% 62

t L —n t

" Again, n = 0 in steady state (bankers do not need net
worth to create money)
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I Part 4 — Steady State — Deposit Rate

= Steady-state version of money valuation equation
p=(1-0)8%+1i

" Need to determine loan rate
* Household portfolio choice (loans vs deposits)

1
it — i = Nt — o) = N =
o

" Banker self-financing strategy:
= 1 additional unit of deposits
" invest in Y units of money and 1 — 1 units of loans

(1—9)i* —i*=0

= Combine the two:

(if o Ed) _ )\hi

1 =
(Ble"

;1
)
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I Part 4 — Steady State Solution

= Substitute into money valuation equation
p=01-9)"5"+\'—

" This looks like equation from last week
(with Ya instead of a)

" We solve it the same way:

" Either constraint slack, then valuation equation determines 9
= Or constraint binds, then CIA

3

o 1-9_ D 1 __ D a 1-9+¢p D

: GO K TN T YCM T Mg T Y T L g J e

& g ca(l+dp) g Yaa(l+dp)

S qﬂ,%K(lJrgba)Jraea : 1+ a(yYa+ @) »



I Part 4 — Money Multiplier Model
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" \When constraint is binding,

i = (1= )it = (- N

" This is positive, so households strictly prefer to hold
deposits = all outside money most be held by banks

" Reserve requirement must be binding for banks

(otherwise they are unwilling to pay i? > 0 while earning 0 on
excess reserves)

" [ntegrating reserve requirement yields

dbi b i~ m,b,i b, ;% M



I Part 5 — Risky Loans

= Changes:

= No reserve requirement
= But default risk in loans

= At idiosyncratic jump times, d]z, household 7 can walk away from
fraction B (= 1 — B in problem set) of debt

= Bankers cannot diversify (lose fraction 8 of loan value)
" New loan return

drt = itdt + dri™ — pdJ;

= Questions:
1. Money valuation equation and n evolution?

2. Characterize steady state

3. B comparative statics (numerically)
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I Part 5 — Money Valuation

" Use now deposits as benchmark asset

( . 3 -n.b ﬂb
i+ p—py —if + N = Mg,

- ; . R ~h ~n Y 1
o — g =i+ A = G AR+ e

" n-weighted average

—
=
=+ %
|
i~}
|

o . 1
((1 ) e N (= 1) 5 A=) N (5 = 1) 5" (=) Afa)

= Substitue back into first equation

—

il = (=) (X = )3 = b =X @k =13 = x)
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I Part 5— Money Premium
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" Need to determine risk premia and money premium
= Start with money premium

" Banker portfolio choice Ioans vs deposits
— A3 — it = —\oPp
" Household portfollo choice loans vs deposits
— A3 =il = -\il'p +,\t;
= Combine .
Ai— = M\3 (o — i}
t b (V Vt)
" So money premium related to jump risk premium
differential



I Part 5 — Brownian risk premium
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" Brownian risk premium is standard

= Log utility, so ¢ = 5glh Hl{{ "
= Capital market clearing: Hf’h = iiﬁﬁ

2
~ ~ h — ~
= Thus: {f6"" = (1_‘3’;0)



I Part 5 —Jump risk premia
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= Price of jump risk (generic formula)

) ~E ~1/n’ 1 ~i o
-0 =148 =14/ = N .

IR B

" Net worth jumps

~n,b 0b A no om0’
n, _ _9 : ~n, — t
Jt e Jt 1 _ 7?1:8
" Prices of jump risk (here)
~b _Qf’bé ~h ntgfjbé
Vi = 0b A Ve = ib A
1-0,7p5 L —me +m0, 0
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Il Part 5—Money Valuation and n Drift

= Substitute everything in u¥ and u” equations

9 1 2 .9 e+ (1 =) B (l—m)?;t(l—ﬁ) < 0b A
He =P — (1_1%) " + (b5 o 0.b A )\Qt B
(1 —mn) 1-6,7p 1L —n +m0; 3

1 U 3 5\ plb A ~
U , 2
iy = (1 —mny) =+ - A(l—ﬁ)@ B — o
t ((1 —0"5 1, mef%) Ty’
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I Part 5 — Steady State
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= Recall banker net worth pricing condition

n.,b n.,b
ul +p— pl — i+ Nt = Ay

" |n steady state

! — ot

=AD" 1) ™" = -\

'ThUS: i}b:—gzpj? g P

" For this jump exposure, need Hf'b =L
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I Part 5 — Steady State

" Next: binding CIA

A 1=y 1—0  pot
CE'{I—K :Qm’h+9d’h<:>{}j-a—1; — 1 — | N
q q l—n 1-=n
aa p 1
A 1_19‘}_@5 = V+n=—=
T oa p) Loy

3 ®"Solveforl—49
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I Part 5 — Steady State

" Final step: plug everything into steady-state money
valuation equation

1 1 + ¢a p 1\  aga ® 2
p(ln)(1+(¢+a>a(””;+p3) 1+<¢+a>a’”) 7

+(7?+(1?7)B (117)?7(13)) 30405

1— 043 1 —n+nhht g

" Can solve this numerically for n...

" Note: if there is no positive solution, thenn = 0
(happens for large B)
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I Part 5 — Numerical Results

0.4

1.184

118 1

money multiplier
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