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Key Takeaways

= Real vs. Nominal Debt/Cashless vs. Cash
" |nflation risk can improve risk sharing

" Intertemporal unit of account
= State-contingent Monetary Policy if a® # 0

" Equivalence of capital vs. risk allocation setting (k vs. y)
" Liquidity and Disinflationary Spiral

= Policy
" Fiscal Policy

= Monetary Policy
= Stealth recapitalization of intermediaries

" Macroprudential Policy

" Technical Takeaways
= Two sector money models



he big Roadmap: Towards the | Theory of Money

" One sector model with idio risk - “The | Theory without I”

(steady state focus)

= Store of value
" |nsurance role of money within sector

= Money as bubble or not
" Fiscal Theory of the Price Level
* Medium of Exchange Role = SDF-Liquidity multiplier = Money bubble

Previous lectures

= ) sector/type model with money and idio risk
= Generic Solution procedure (compared to earlier lectures)
" Equivalence btw experts producers and intermediaries

= Real debt vs. nominal debt/money
" |mplicit insurance role of money across sectors

" | Theory

Today

= Welfare analysis
= Optimal Monetary Policy and Macroprudential Policy

Next lectures

" International Monetary Model



The 4 Roles of Money

" Unit of account
" |Intratemporal: Numeraire bounded rationality/price stickiness
" |ntertemporal: Debt contract incomplete markets

= Store of value

" ‘| Theory of Money without I”
Less risky than other “capital”

" Fiscal theory of the price level

— no idiosyncratic ri

" Medium of exchange

= Overcome double-coincidence
of wants problem

<

\MOneY, today/7

Good 1, today B

A

" Record keeping device — money is memory
= Virtual ledger



Safe Assets 2 (Narrow) Money

= Asset Price = E[PV(cash flows)] + E[PV(service flows)] Financia

assets

dividends/interest

= Service flows/convenience vield
1. Collateral: relax constraints (Lagrange multiplier

2. Safe asset: [good friend analogy]

= \WWhen one needs funds, one can sell at stable price
... Since others buy

Covariance
with economy

= Partial insurance through retrading - market liquidity!

3. Money (narrow): relax double-coincidence of wants
" Higher Asset Price = lower expected return

" Problem: safe asset + money status might burst like a bubble
= Multiple equilibria: [safe asset tautology]



Models on Money as Store of Value

OoLG Incomplete Markets + idiosyncratic risk
\Friction

Risk deterministic endowment risk return risk
borrowing Risk tied up with
constraint Individual capital

Only money Samuelson Bewley

“I Theory without I”
Brunnermeier-Sannikov

(AER PP 2016)
With capital Diamond Aiyagari



WEMLGUESER | Theory of Money

Demand Management Risk (Premium) Management
Stimulate aggregate consumption Alleviate balance sheet
constraints
Woodford (2003) Tobin (1982), HANK BruSan
Price stickiness & ZLB Both Financial frictions
Perfect capital markets Incomplete markets
Representative Agent Heterogeneous Agents
Cuti Cuti CutiorQE
Reduces r due to price Changes bond prices Changes asset prices
stickiness Redistributes from Ex-post: Redistributes
Consumption c rises low MPC to high MPC to balance sheet impaired sector
consumers

Price of Risk Dynamics



“Money and Banking” (in macro-finance)

" Money store of value/safe asset/Gov. bond

" Banking “diversifier”
holds risky assets, issues inside money

Money and Banking, part 3:
Redistributive Monetary...


https://www.youtube.com/channel/UCV8DKoTKvJtuvkI4UsRYIqA/videos?pbjreload=10
https://www.youtube.com/channel/UCV8DKoTKvJtuvkI4UsRYIqA/videos?pbjreload=10

“Money and Banking” (in macro-finance)

" Money store of value/safe asset/Gov. bond

" Banking “diversifier”
holds risky assets, issues inside money

= Amplification/endogenous risk dynamics

" \Value of capital declines due to fire-sales  Liquidity spiral
" Flight to safety

" \alue of money rises Disinflation spiral a Ia Fisher
" Demand for money rises — less idiosyncratic risk is diversified
= Supply for inside money declines  — less creation by intermediaries

= Endogenous money multiplier = f(capitalization of critical sector)

aradox of Prudence o
- (in risk terms)

" Monetary Policy (redistributive)



Roadmap

" |ntro
" Fquivalence btw experts producers and intermediaries

® Real vs. Nominal Debt

" | Theory of Money
= Policy

10



Intermediaries

A Firms i... L

Intermediaries L

A 1l L

>

Diversifies
to fraction ¢

Inside equity

Net worth -

= Frictions:
" Household cannot diversify idio risk

" | imited risky claims issuance
11



Equivalence

A Firms i... L

Households i...

“

Households i...

Intermediaries

Diversifies
to fraction @
"X.t" P

Net worth

A Experts

A

Inside equity

Qz
Qz

Net worth



Equivalence

" Why equivalence btw.
Intermediaries y-risk allocation model and
experts k-capital allocation model?

Poll 13: Why are both models equivalent?

a) Since a® = a.

b) Intermediary sector doesn’t produce any output
c) Risk y and capital allocation k are fundamentally different.

" Next: Contrast Real Debt with Nominal Debt/Money Model
" solve generic model and highlight the differences

13



Roadmap

" |ntro
" Fquivalence btw experts producers and intermediaries

m Real vs. Nominal Debt

" | Theory of Money
= Policy

14



Model with Intermediary Sector

Intermediary sector
" Hold equityupto y <1
" Diversity idio risk to @ o

= Consumption rate: c;}
" F, [fooo e Ptlogc; dt]

" Friction: Can only issue debt
= 2 Models:

Household sector

=Output: yt = ak}
"Investment rate: L?

h,i
dk"hl —(®() =M dt+odze+ 5" azl+anl

t

="Consumption rate: c{‘

'Eof e Pllog ctdt]

1. Real debtissuance only (and money has no value)

2. Nominal debt issuance
dB; _

= Bond/money supply = (i1

u selgnlorage dlStrlbUthﬂ as In previous lecture (no fiscal impact — per period balanced budget)

+i)dt + ofdZ,

15



Solving MacroModels Step-by-Step

0.
1.

Postulate aggregates, price processes & obtain return processes

For given C/N-ratio and SDF processes foreachi finance block
a. Realinvestmentt + Goods market clearing (static)
. Toolbox 1: I\/Iartingzgle Approach, HJB vs. Stochastic Maximum Principle Approach

b. Portfolio choice 8 + Asset market clearing
Asset allocation k & risk allocation y

= Toolbox 2: “price-taking social planner approach” — Fisher separation theorem
c. “Money evaluation equation” ¥
= Toolbox 3: Change in numeraire to total wealth (including SDF)

Evolution of state variable n (and K) forward equation

Value functions backward-eeadtion
a. Value fcn. as fcn. of individ ' (
" Special cases: log-utility, corfiie)ss opportunities

n';n,K) into v'(n)w(K) (ni/ni)l_y

uTIlTY W

Numerical model solution |
a. Transform BSDE for separated value fcn. v*(n) into PDE
b. Solve PDE via value function iteration

KFE: Stationary distribution, Fan charts

16



0. Postulate Aggregates and Processes

= g K, value of physical capital

" gy B K, value of nominal capital/outside money/gov. debt
= 0::= B;/qf K; price level (inverse of “value of money”)

= N, == (g¥ + g?)K, is total wealth in the economy

"0, = Qt = fraction of nominal wealth
af +ay

17



0. Postulate Aggregates and Processes

= g K, value of physical capital

- qut value of nominal capital/outside money/gov. debt
= 0::= B;/qf K; price level (inverse of “value of money”)

= N, := (g& + qP)K, is total wealth in the economy

B
"0 = th = fraction of nominal wealth
dt +q¢
0. Postulate in the N;-numeraire!
" J-price process d9, /9, = u?dt + o’ dZ,,
dé

= SDF for each 7 agent 1 = —‘I”tidt — ngzt — ’g‘%dZZ
t

= Change of notation (dropped “hat”) compared to previous lectures!

13



0. Postulate Aggregates and Processes

= g K, value of physical capital

- qut value of nominal capital/outside money/gov. debt
= 0::= B;/qf K; price level (inverse of “value of money”)

= N, := (g& + qP)K, is total wealth in the economy

B
"0 = th = fraction of nominal wealth
qt T4t
0. Postulate in the N;-numeraire!
" J-price process d9, /9, = u?dt + o’ dZ,,
= SDF for each T agent dg—? = —ridt —¢tdZ, — ¢td 7!
X

= Change of notation (dropped “hat”) compared to previous lectures!

Poll 19: Why is the drift —rti and not simply —rtf ?
a) With only nominal debt a real risk-free rate might not be in asset span.
b) Negative drift of the SDF in N.-numeraire is not risk-free rate.

19



la. Optimal t + Goods Market

= Use optional real investment t and goods market clearing

" Same as In Lecture 10
" Price of physical capital

1+ ¢a
qg{ =(1—-19,)
(1—=9¢) +¢p
" Price of nominal capital L+
+ Oa
ai = Ut 7o
(1—=9) + ¢p
" Optimal investment rate
= (I1-9)a—p
‘ (1 -9 + ¢p

= Moneyless equilibrium with g = 0 = 9, = 0 = g¥

1+da
1+¢p

20



1b. Price-taking Planner’s Allocation

= maxEderc o(xK;, G, o(K,, ¥
1 O 01 5020 .00

vectors
" [n our model(s):
=0 (households manage all physical capital)
"Xt = Xt
" E[dr (k)] = 0
Poll 21: Why is E.[dr] (,x,)] = 07

a) Because capital is not reallocated, i.e. k = 0 all the time.
b) In the N.-numeraire return of total wealth dr)y = 0.

21



1b. Price-taking Planner’s Allocation

» max E.[dr] (k)] — ¢,o(r:, xr) — G0 (K, Xt )

Wexe. Xt} \\ | /

vectors
" |n our model(s):

=0 (households manage all physical capital)
"Xt = Xt

" E[dr (k)] = 0

"0 = (XtUt , (1 — xe)o;i ©),

= where g{® =Risk of the excess return of capital beyond benchmark asset
"0 = (96, (1 — xt)6 )
<1

22



1b. Price-taking Planner’s Allocation

" Minimize weighted average cost of financing
: I -I-h(l— ) xK_I_ ~1 _|_~h(1_ ) ~
IMIN \ Ge Xt T Gt Xt) ) Ot Ce®PXt T Gt Xt) ) O
XtsX
" FOC: (equality if ¢ < x)
stoi™ + 196 < ¢l oi + 5’6

® Real debt model:

g =¢ -I-/a‘ef’( (recall g£ is constant)

= Nominal debt model
" 0% = (—af +0f)/(1 —9))

K

= Risk of capital o+a! +9.08/(1 =9, —cl (in N--numeraire)
B

= Risk of bond/money o + th +of — ! (in N¢-numeraire)

23



“Benchmark Asset Evaluation Equation”

" In Ny-numeraire n; takes on role of sector net worth Ny

" Return on individual agent’s net worth return (in N,-numeraire)

dn; dfj;
t t
. + - + pdt dt
uk ik ——
L \_,L consumption
sector share within

sector share
. I\/Iartmgale cond|t|on relative to benchmark asset is

Mt +P_rtb = Ct( tﬂ _thm) 6115527
" Take m’é—weighted sum (across 2 types i = I, h here)

=T
p =™ =necl(a] — ot™) + (1 = n)sl (—12-0) — ™) +necla] + (1 —n)cla]

=h

it ] — A1 R n N ~77 ~h __ 77
= For log utility: ¢ = g, ,¢¢ = 1_f7t0t,qt =4d, ,(; = 0,

p—rtm = (o) + (=) (ol +me(57) 4 A= (a7

24



“Benchmark Asset Evaluation Equation”

m Real debt = benchmark asset bm

" Redundant equation for allocation just useful for deriving
f

risk-free rate in c-numeraire 1y’ ( expressed in N.-numeraire)

* Nominal debt/money = benchmark asset bm

" Money evaluation equation (bubble)
/B

bm

9
" Replace 7" =, 1= ,u}? —ub — 05(029 — ) (and g™

9/B 2 ’ )’
p—,ut/ =nt(atn) +(1—Ut)(—12%t027) +77t(0tn) T (1_7715)(

l J l

— o7

)

~h
~1
O

J

I I

excess return = (required) “net worth weighted risk premium”
of N; (for holding risk in excess of money risk)

)2

25



“Benchmark Asset Evaluation Equation” (FTPL Equation)

= Nominal debt/money = benchmark asset bm

" Money evaluation equation

_ ,9/B, _ 9 B B .V B
u Replace Ttbm —,th . — ‘u,t —,th _O-t (O-t _O-t ) (aﬂdO'me= 29)

9/B 72 % AT\’ 7\’
p =" =ne(o) + (1 =n0) (~2507) +me (a7 ) + A =n ()
" |ntegrate

o0 2 2
1915 — Et L[ e—p(s—t) (775 (O- S
t

“ 3
~
_|_
Ve
p—
|
=
W
\—’
7N\
Q
=

>
N—
_|_
=
5}
7N\
g
N—
_|_
N\
p—
|
=
5}
\—’
N
o
N—
|
=
“

1.2 2\ 2
1 —053(0;9—05) —ﬂsdsl

/

Because u? is the “geometric drift”

20



2. n-Evolution: Drift ,u? (in N.-numeraire)

" Take difference from two earlier equations

e +p =™ =gi(o —of™) + 5idy

~

I
p—1™ =nesl(of —af™) + (1 —no)sh (— 2ol — a™) +n.Sla] + (1 —10)

=1
" u =(1—n) [cé(at" —of™) = ¢t (207 — ot™) + 515/

1-M¢

" Real Debt
I (Recall g, = 0)

* Nominal Debt/Money

= g™ = gP — P

~=h
~h ~1

~h
~h ~1

27



2. n-Evolution: n-Aggregate Risk

b K b
"0, = o] m+(1—9{)(a{ — o] m)
= Where portfolio share 1 — 8] = ;ﬁ (1—19)
t

m Real Debt

K i .
= Note g/ = 0 given N; = g3 K,-numeraire
=g, = %a (recall 9, = 0)

t

= No amplification since g¥ is constant

" |[mperfect risk-sharing for y; # nq

28



Inflation Risk allows Perfect Risk Sharing

= Nominal Debt

K 9 Intermediaries
rt _ ~1-U _ t 9 A L
" Noteoy =o0; =~ = -9, O¢ Out-Money
n_ 9 B Xt B 9% 9 9 Diversifies
" 0y =0t o N (1—=7¢) ( 1-0; Ot Ot to fraction ¢

" Use g = %nmﬁ and solve for 1,0, yields

B :
n _ (Xe—nd)ot "
MOt = 1_Xt—77t(—19’(77t)77t) 3
Nt v(M¢t)

® Intermediaries’ balance sheet
oerfectly hedges agg. risk for a? = 0!

Debt

(real vs. nominal)

Net worth

= Proposition: Aggregate risk is perfectly shared for a® = 0!
= Via inflation risk

= Stable inflation (targeting) would ruin risk-sharing
= Example: Brexit uncertainty. Use inflation reaction to share risks within UK

29



2. Within Type 1-Risk

= \Within intermediary sector
=T
6, =(1—60)p5 = 77_(1 9.) 6

= Withip household sector

it B h~_1_Xt
—(1 Ht)a—l_nt

(1—=93¢)6

30



Solving for y;

" Recall planner condition: (equality ity < )Z)

~ ~h~
cioi + ¢lpd < ¢tai® + ¢l6
Price of Risk Real Debt Nominal Debt
witho? =0
h nt n Xt o 77t — O
‘ 1—n; ‘ 1—n
. X - Xt . X -
gl ="2(1-9,)pb =" é =22 (1 -9, 96
Nt Nt Nt
1—x: 1—x; 1—x;
~h = -
St 1— 1, (1 —-9¢)6 1_77150 1_77t( t)0

31



Solving for y;

m Real debt
( ne(a® + %)

02+ [(1 —ng)p? +n )62

X¢ = Mmin ;

= Nlominal debt

‘ n, \
X¢ = min- X(

(1=n)¢?+n. "

X

\

y

32



- Real Debt Nominal Debt with of =

min { Ne(o” ¥ 02) )Z} min { i )Z}
At 0%+ [(1 —n)p* +n]62’ (1 —n)e* +n;
1 Xe=TeXe=2XeNe 17 2 N2\
M M 7M1m)0'+2 ﬂ—ndﬂ—ﬁf(@ﬂqﬂ—(%%))ﬂ
_ X 2 _ (1=x ~2
=m0t - (=5)')
n Xt— Mt
Ot e O 0
K 1+¢a . 1+¢a
dt 1+¢p (1 =7 (1-9)+¢p
B 1+¢a
qt 0 19t(1—19t)+€15,0
o ; p—uy +uf
t _ (1 _ 2 (1—x¢)
— (1 ﬁt) ( ( )(1 nt)z)

] a-p (1-Y9¢)a—p
‘ 1+ép (1-9)+p




Example: Nominal Debt/Money with ¥y = 1

"q=.15p=.03,0=.1,¢0=2,6=.03,6°=.2,6"=3, ¢o=.,7=1
Blue: real debt model
Red: nominal model

s 0.06
R 0.05 |
o
)
2 0.04 -
@©
Z
a " 0.03 -
)
=] 0.02
Z
o

___________________________ 0.01

0 - - — i - — i - 0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

" "
0.08 0.02
0.06 | 0.015
2004 © 001}

= =
0.02 | 0.005 |
0 1 1 1 1 1 1 1 1 J 0 ! 1 ! ! ! ! ! ! !
O 01 02 03 04 05 06 07 08 09 1 O 01 02 03 04 05 06 07 08 09 1

n n



Contrasting Real with Nominal Debt

" Real debt model:
" Changes in n are absorbed by risk-free rate moves
" Aggregate risk
= (1) and g% () are constant

" Nominal debt/money model
" |nflation risk completes markets

" Perfect aggregate risk sharing
» Banks balance sheet is perfectly hedged!!!

" Risk-free rate is high
= (1) and g% (n) are functions of

35



Example: Nominal Debt with Limit on Risk Offloading

"p=.05k=2,6=.5¢p=.4;=.8

0.2 . . . . 0.8
| 07|
015+ : 06!
| [}-5 B
= 01H | =04 I,-"
\\ | 0_3 | II|I.
0.05 | T 02|/
| 01|/
0 - - A - 0
0 02 04 06 08 1 0 02 04 06 08 1
n n
3
0.04 |
0.02 | 231
5 0 2|
=
£ 002}
L 151
=" -0.04 }
0.1

] 1

= -0.06
-0.08 +
-0.1




Combining Nominal & Real Debt

= Adding real debt to money model does not alter the
equilibrium, since
" Markets are complete w.r.t. to aggregate risk
(perfect aggregate risk sharing)
" Markets are incomplete w.r.t. to idiosyncratic risk only

m Real debt is a redundant asset

" Note: Result relies on absence of price stickiness

" Both Settings: Real Debt and Money/Nominal Debt
converge in the long-run to the “I Theory without |”
steady state model of Lecture 10 if y = 1.

37



Y Minimized at Stochastic Steady State

= Claim: 9(n) and average idiosyncratic risk exposure, X(n), is minimized at the
stochastic steady state of 1.
" |ntuition: at steady state both sectors earn same risk premia +

| idiosyncratic seems well spread out ... less desire to hold money to
self-insure

= With g = 0Vt
. 027 = 0, (perfect risk sharing with nominal debt)
_ _ _ 2 2 42 (1_ )2 -
. M? = (Uz!)z - nt(Uz!)z - (1- nt)(o-th) = (1 =11 —9)? (X;? — ﬁ) G°

N— —

max/dn steady states.t. y = ¥
= Money valuation equation X)= ”

7 N

2,,2 1 — )2
- ‘9/B=(1—19)2( 2P - (1= xe )&2
P — U t Nt 77? ( Nt) (1—1n,)2

N -

ﬂt(5§)2+(1—77t)(5?)2

: 7N _
where y; = min (77t+(1_t77t)¢2 ,)()

33



Cashless/Bondless Limit with Jump

" Removing cash/nominal gov. bonds (comparative static)
" B>0vs.B =0

= Price flexibility = Neutrality of money

" Discontinuity at lim
B—0

= Remark:

= Different from Woodford (2003) — medium of exchange role of money
= CIA becomes relevant for fewer and fewer goods

= Inflation on nominal claims (bond/cash)

= Change u® and subsidize capital
= Continuous process

39



| Theory of Money

" Aim: intermediary sector is not perfectly hedged
" |[diosyncratic risk that HH have to bear is time-varying

" Needed: Intermediaries’ aggregate risk # aggregate risk of economy

" One way to model: 2 technologies a and b

Technology ¢ b

Capital share (Leontieff) 1—kKk K
| dk, . dk, , o
Risk - = ()dt +0%dZ; + 6dZ; - = (dt +o°dZ; + 6dZ;
t t
Intermediaries No Yes, reduce O to QDB:
Excess risk 59 — oB . oV — P
q = b . . 1 _ b _ anN __

0=



| Theory: Balance Sheets

A Firms i... L

Households i...

A Intermediaries L

Net worth

= Frictions:
" Household cannot diversify idio risk
" Limited risky claims issuance
" Only nominal deposits

Net worth

41



Overview Slide that Explains the Role of Each Model Ingredient

" ¥ —-avoid degenerated distribution (households dying out)
"Q

" if @ = 1 intermediaries would die out,

" if @ = 0 don’t earn risk premium (except for aggregate risk)

" g? > g% —avoid perfect hedging for intermediaries

= (except P # 0 —for example risk-free asset is in zero net supply)
(like AER paper/handbook chapter)
® Fraction ik of K has aggregate risk of ¢ = g? — 09,
rest has risk of zero (it’s exogenous) (allocation does not
determine total risk in aggregate economy)
(To keep it clean (taste choice): price-taking planner’s
choice is less involved)

42



1b. Price-taking Planner’s Allocation

= Minimize weighted average cost of financing

a b - ~ ~
min(1 — K)¢ftaiX (Ct)(t + ¢ (K — Xt)) oK (CI{QDXt + ¢ (1 — Xt)) o

XtsX

= FOC: (equality if x; < ¥)

clo?®” 4+ ¢los < ¢hoX” + ¢ché

« ok = (1 )0 — T2
" Price of risk with log-utility in total wealth numeraire:
Intermediaries Households
= Aggregate risk: ¢l = 027 ¢t = =10, T/(1-n,)
= Idiosyncratic risk ¢ = (1 — 9;) 2 @& ¢t =(1-9,) A=) 5
Ne (1- 77t)

Y

o ((1 - K)o — == ) [(1 9;) Xt(pa] PG < ’“ % ((1 — K)o —

19

B
—0¢ . (1-xt)
= ) +|a -9,

1 (1-7¢)

~l ~

O|0

43



1c. Money Evaluation + 2. n-Drift

" As before in money/nominal debt model|

" Money evaluation

= 2 n 2 =\ 2
9 2 (7l N0 =R
p—ut/B=m((aZ7) +(a§7) )+(1—nt)((1t_;> +(a§7)>
t

" n-drift
i\ 2 N =\ 2
2 1 neo _3ih 9
Mg=<1_,,t>((ag> (o) - (2D) —(£)>—gg ”
of —oB

44



n-Volatility and Amplification

b
of = of +(1—06)a"
= \Where portfolio share 1 — 0] = ;ﬁ (1—19)
t

Xe(1—3¢) _ of —a”
o] =af —oB + m (1—-K)o =

nio, = (1 —9)x:(1—k)oifeB =0
Policy removes endog. amplification

n _ (1_19t))(t(1—f)0'+()(t—77t)0-3

-
NtO¢ ) Xt—nt(—a'mt)nt)
Nt V(M)
_ -9 (ne)ne . _ CIK’ (MeNne | —CIB’(Ut)Ut
Note that 9(n¢) =3 ﬁt)( akK(my)  aBy) )

Liquidity Spiral Disinflationary Spiral

Y
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| Theory: Balance Sheets

A Firms i... L

Households i... L

A Intermediaries L

Net worth

= Frictions:
" Household cannot diversify idio risk
" Limited risky claims issuance
" Only nominal deposits

46



Consequences of a Shock in 4 Steps

1. Shock: destruction of some capital
" % loss in intermediaries net worth > % loss in assets
" | everage shoots up
" Intermediaries %-loss > Household %-losses

" n-derivative shifts losses to intermediaries @@C@
. @(\&d
2. Response: shrink balance sheet / delever @}A@%
= For given prices no impact @@K@
3. Assetside: asset price g® shrinks Liquidity spiral

" Further losses, IeverageT, further deleveraging

4a. Liability side:  money supply declines
value of money q” rises | pisinflationary

4b. Households’  money demand rises  [spiral
" HH face more idiosyncratic risk (can’t diversify)

47



Policy

= Fiscal policy

" Monetary policy without fiscal implications

" Macroprudential policy

48



Fiscal policy

" Includes monetary policy that has fiscal implications

49



Monetary Policy

= No fiscal implications, no seigniorage t** = 0 Vi, 1

" Any seigniorage is paid out to
government debt/money holders in form of interest

" Introducing interest rates on bond/reserves i;.

d(1/P) _ ;4 d(q7K:/By)

dr? = i,dt +
e 1/P; qBK,/B;

B

B
_ {ff+¢)(.¢f)—5+y§ _ [y§+(¢rf —afB)afB]}dur(arf

B

To study monetary policy without tiscal implications, we let c:rfB = 0, so

drB = {ff —uP +O(y) -5+ y?ﬂ} dt + .:rfﬂdzf’.

—op)dz?.

50



Monetary Policy: Super-neutrality

" |[f interest paid on bond holdings is
simply financed by issuing new bonds
(issuing money), then money is

" Neutral
" Super-neutral

dB;

. /B
B, i dt Ve\eca\\\*

" Fisher equation

u d?"tB — ltdt — dﬂ:t



Introducing Long-term Gov. Bond

" Introduce long-term (perpetual) bond

= No default ... held by intermediaries in equilibrium
Value gF K,

\

Money

| |
Value g2 K, Value gX K,

" Value of long-term fixed i-bond is endogenous
L L
dP}/PL, = uf dt + of dZ,
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Redistributive MoPo: Ex-post perspective

A Intermediaries ]

Out-Mone
Fixed i-Bond

Money
flexible i

Net worth

= Adverse shock — value of risky claims drops ,'QOQ
: A0
= Monetary policy ,@\”
" Interest rate cut = long-term bond pricet ’bQ\
" Asset purchase = asset price t @5’

= = “stealth recapitalization” - redistributive &
* = risk premia 4
" |iquidity & Deflationary Spirals are mitigated
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Introducing long-term bonds

" ong-term bond

= vields fixed coupon interest rate on face value F ™)

" Matures at random time with arrival rate 1/m
= Nominal price of the bond PtB(l’m)
* Nominal value of all bonds outstanding of a certain maturity
B(m) — PB(i:m)F(i,m)
t t

= Nominal value of all bonds By = )., Bt(m)

" Special bonds

m Reserves: Bt(o) and note PtB(O) =1

= Consol bond: Bt(oo)
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Debt evolution w/o fiscal implications

« dB” = i,BVdt

)

(Lm) L

=" Money Bt(o) s different since it pays floating interest rate

" |f we have only re(_ser)ves and consol bond, then
B."”
t

(0) |, 00 _ . p(0) . +(1,00)
dB,” +—oy dFy™ = i B, dt +iF, "™ dt
P;f New notation:
B\” = M,

dM, + PFdF}f = i, M dt + i'F}-dt F) — pL




= Define fraction of value of bonds that are not in short-term reserves

L L
P+ F
.ﬁél_tt

B¢ All gov. bonds together

" Let’s postulate the price of a single long-term consol bond

dP}

— = uPdt + o dz,
Pt

" |0 the total net worth numeraire the

L .
= E[drf — drM] = 6f "0, (for now assuming that only
intermediaries find it worthwhile to hold consul bonds)

" g/ = .- (in net worth numeraire) (5.3)

L L
« drf = drM + of o] dt+ of "dZ;
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" Return of total bond portfolio (in total net worth numeraire)

s drf = uldt + o’dZ, (since no fiscal implications)
. d?‘t — dT‘t + 191- (d?‘t — d?‘gw)
s drB = drM + 9L (6P o Jdt+ of “dZ,)

= Return of a single coin (reserve unit/short-term bond)

L L
«drf = (uf — Otof ol)dt + (of —Otal")dz,

L . . -
= 970; shows importance of long-term bond price variation

" the dZ-term is a “risk-transfer”.
" The dt-term shows that it also affects risk premia

5/



n-Volatility and Amplification

o] = of" +(1—0M —olgrK" 4 HLI(at Tt e Note that money is our benchmark asset
= Where portfolio share 1-0/" -0} = (1 —9,) and 8" = 99, /n; (since HH cannot go short L-bond)
L 1-9 v L\, 9f9 pL
ol = af — dhaf" + 10 ot 4 22
Nt Nt
pL
Collect oy -terms
9
Xe(1—9¢) _ Ot Xe(L—=9;) +9; — L
atn=ag9+ (1—KkK)o — + 19L P
Nt 1-1, Mt
' (ne)ne pL PL (non,
Replace o = o, and gl = g,
P Ot 9y T PL(py) 't
n _ (1-I)xt(1-K)o
= N0,y =

I(M¢)

Nt PL(np

I(N¢) a¥(me) qB ()

__q! K’ _ B'
e Recall that = mene _ (1—19,) (q (nt)nt_l_ q (m)m—)

/
1_Xt_77t(_19,(77t)77t) 195<PL (nt)nt>xt(1—19t)+19t—nt

nt

and is the mitigation term due to policy

Liquidity Spiral Disinflationary Spiral
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Derive ,u?

" Same steps as before
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Monetary Policy: Ex-post perspective

" Voney view Friedman-Schwartz
= Restore money supply
" Replace missing inside money with outside money

= Aim: Reduce deflationary spiral
= .. but banks extent less credit & diversity less idiosyncratic risk away

= ... as households have to hold more idiosyncratic risk,
money demand rises

* Undershoots inflation target

® Credit view Tobin

= Restore credit
= Aim: Switch off deflationary spiral & liquidity spiral

" | Theory: “Stealth” recapitalization of impaired sector
" |nterest policy and OMO affect asset prices
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MoPo Benchmark 1: Removing endogenous Risk

= The policy that removes endogenous risk, g = 029

= FOC gives (in closed form)

Xe = min( e - — ,1/3)
ne + (1 —n)ep? + (1 —y)2(c?)?/62

" n-Evolution

X —
"ol = (1 B ﬁt) n_zt: (1 - l/))O'b Closed form up to 19t (which is choice of planner)
. m_— _ _ 2 ( 1=2n¢ X£ 4 TN2( D2, XEDPTE (1—)(t)2¢2’62)
ety = Mell = 1e) (1L = 00) ((1—771:)2 ng (1=9)*(e”)" + ng ng

ol



Numerical Example

"p=.05¢p=2,0=.50

0.6 |

05}

0.4

03 H

0.2
0.1

0

policy: u"

0.04 ¢
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!
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-\-\-\-\-\"--_
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Numerical Example

“p=.050=2,6=.50=.47=.8d"

policy: u" =0, o" =0

S

n i

*® [9 Falls (because low n-regions

0.5

0.4

03 H

02}

0.1

0

0.04 ¢
0.02

-0.02

-0.04
-0.06 ¢
-0.08

-0.1

‘with high idiosyncratic risk
I_are visited less frequently)

no policy

—

policy -

0 0.2 0.4 0.6 0.8

Eﬁ’ﬁ'

e

™,

AWith policy, risk is-lower,

but recovery is faster

0 0.2 0.4 0.6 0.8

0.8

0.7}
06}
05}

04}
0.3}
0.2}
011

0

0.07

— b
=0,0
/
0 02 0.4 06 0.8 1
7
Volatility goes down/
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I/ \whenn, =Kk =K
/ | o
I|I -
'In'
IIII
0 0.2 0.4 0.6 0.8 1
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Optimal Policy

" Next lecture after we have covered welfare analysis
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Recall

" Unified macro “Money and Banking” model to analyze
" Financial stability - Liquidity spiral
" Monetary stability - Fisher disinflation spiral

" Exogenous risk &
" Sector specific
" idiosyncratic

" Endogenous risk :
" Time varying risk premia — flight to safety

" Capitalization of intermediaries is key state variable Aok o
((?a(ad

" Monetary policy rule
" Risk transfer to undercapitalized critical sectors
" Income/wealth effects are crucial instead of substitution effect

" Reduces endogenous risk — better aggregate risk sharing
= Self-defeating in equilibrium — excessive idiosyncratic risk taking
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Flipped Classroom Experience

Series of 4 YouTube videos, each about 10 minutes

Financial Stability Price Stability Debt Sustainability

(A BANKS )

RESERVES
FINANCIAL
REGULATORS

~
ﬁ Fisher Diabolic
Disinflation loop/spiral
spiral
Fin.AADominance
Liquidity spiral -
CEB[?IATNRL?L DISINFLATION INFLATION DEFAULT

CREDIT

r Monetary
Fiscal L ] Dominance
Dominance J
__covT
AUFTIEI%QII—TY ! FUTURE | LT BOND
\ ‘5= SEIGNORAGE : .cooieeeeeeeeenn 4
P> +TAXES : i OUTSIDE :

Lowers GDP : -EXPEND. : :  MONEY

-------------------------------------



Thank youl!

markus@princeton.edu
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