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Money in financial over-the-counter markets

Broad question:

Quantity of money and performance of OTC markets

What we do:

— Build model of fiat money used as medium of exchange in OTC markets

— Study effects of monetary policy on asset prices and financial liquidity

How we do it:

Embed the OTC market structure and gains from trade in financial assets
of Duffie, Garleanu and Pedersen (2005) into the monetary framework of
Lagos and Wright (2005)



Applications and results

We show that the quantity of money and market microstructure:

© Determine asset prices and standard measures of financial liquidity
(spreads, trade volume, dealer supply of immediacy)



Applications and results

We show that the quantity of money and market microstructure:

© Determine asset prices and standard measures of financial liquidity
(spreads, trade volume, dealer supply of immediacy)

@ Generate a speculative premium (or speculative ‘bubble’)



Applications and results

We show that the quantity of money and market microstructure:

© Determine asset prices and standard measures of financial liquidity
(spreads, trade volume, dealer supply of immediacy)

@ Generate a speculative premium (or speculative ‘bubble’)

© Explain positive correlation between real stock yield and nominal
Treasury yield (the Fed Model)



Applications and results

We show that the quantity of money and market microstructure:

© Determine asset prices and standard measures of financial liquidity
(spreads, trade volume, dealer supply of immediacy)

@ Generate a speculative premium (or speculative ‘bubble’)

© Explain positive correlation between real stock yield and nominal
Treasury yield (the Fed Model)

© Lead to equilibria with recurrent belief driven liquidity crises
(times of sudden large increases in trading delays and spreads, and
sharp persistent declines in asset prices, trade volume, and dealer
participation in marketmaking)



Environment

@ Time. Discrete, infinite horizon, two subperiods per period
e Population. [0, 1] investors, [0, v| dealers (both infinitely lived)

o Commodities. Two divisible, nonstorable consumption goods:

e dividend good

e general good



Preferences
Dealers: Eo Y520 B (ctd — hta)
Investors: Eo Y7o ,Bt (esiyei + cti — hei)

B € (0,1) : discount factor

Ctd, Cti : consumption of general good

hig, hyi @ effort to produce general good

@ y;; : consumption of dividend good

@ & : preference shock, i.i.d. over time, cdf G (-) on [ef, ex]



Endowments and production technology

First subperiod
A® productive units (trees)

@ Each unit yields y dividend goods at the end of the first subperiod

@ Each unit permanently “fails” with probability 1 — 7T
at the beginning of the period

@ Failed units immediately replaced by new units
(allocated uniformly to investors)

Second subperiod

@ Linear technology allows dealers and investors
to transform effort into general goods



Assets

Equity shares

@ A® equity shares

@ At the beginning of period t:
o (1— 1) A® shares of failed trees disappear

o (1 — 71) A® shares of new trees allocated uniformly to investors

Fiat money

@ Money supply: AY" dollars

@ Monetary policy: A" | = uA{", p € Ry 4

(implemented with lump-sum injections/withdrawals)



Market structure

First subperiod: OTC market

@ money, equity (cum dividend)
@ dealer-investor pairwise trade

@ Walrasian trade between all dealers

Second subperiod: centralized market

@ general good, money, equity (ex dividend)

@ Walrasian trade between all dealers and investors

“Anonymity” = quid pro quo trade
=> money serves as means of payment



OTC market structure

Investors

o Contact a dealer with probability ¢

Dealers

e Contact an investor with probability x = 6/v

@ Have access to a competitive interdealer market

Bilateral terms of trade

@ Investor makes offer with probability 0

@ Dealer makes offer with probability 1 — 6



Timeline and marketstructure
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Equilibrium

Value functions

Dealers

WP (a;) : value of entering CM with a, = (af", af)
WP (a;) : value of rebalancing portfolio a; in OTCM

VP (a;) : value of entering OTCM

Investors

W/ (a;) : value of entering CM

V! (as,e;) : value of entering OTCM



Equilibrium

Centralized market

Dealers

WtD <at> = max |:Ct — ht —|— ‘BVte-l (at+1)i|

ct,he,arp1

&+ a1 < h: + ¢.a;

ary1 = (341, 314 q)

Investors

W! (a;) = max {ct — he + ,B/ Vi (aes, €) dG(s’)}

ct,he,a i1

¢ + ¢t5t+1 < h: + ¢tat + T

a1 = (3}, 7137 + (1 — ) A%)



Equilibrium

Dealer problem in OTCM

VP (a) = x6 / WP (a7, 35,) dH: (ag, €)
(1 6) / WP (3., 35,.) dHy (ag, €)
+(1—x) WtD (atg)

where

WP (a)) = max WP (3] 3;)
t

t

am AS m S
a; +ptat S ay +Pt3t

p: : nominal equity price in the OTC interdealer market



Equilibrium

Investor problem in OTCM

V! (asi, &) = (59/ [Si)@;/* + W (Eﬂ*véii*)} dFy (ar)
+0(1-0) [ [evas+ W (a5, 2%)] dFP (ara)

+ (1= 0) [eiyai; + W/ (au)]



Equilibrium

Trading situations in OTCM

@ Dealer with interdealer market

@ Dealer-investor trade

e investor offers w.p. 6

o dealer offers w.p. 1 —6



Equilibrium

Dealer with interdealer market

Dealer with a; = (af, a7) chooses (a7, &3;)

ém — 0 if pt(i);:n < 4)§
td al' + pea; if ¢ < prpy
o _ [ arEay i pgp <
t 0 if g3 < pegy’



Equilibrium

Dealer-investor trade: formulation

Investor with type € and (af}, aj;) contacts dealer with (af, a3;)



Equilibrium

Dealer-investor trade: formulation
Investor with type € and (af}, aj;) contacts dealer with (af, a3;)
@ w.p. 0 investor offers ((aJ.,a;.), (3}, a;,)) solves:

=S I (=m —=s
m Ersna;n 3 |:E-yatl'* + Wt (atl'” ' afl‘*):|
t,‘xv tl‘*v tdv td

i
af + gy + pe (A +35y) < ap + agg + pe(ay + aiy)

WtD (étdv étd) |/A|/D(atd, ERR)



Equilibrium

Dealer-investor trade: formulation
Investor with type € and (af}, aj;) contacts dealer with (af, a3;)
@ w.p. 0 investor offers ((af.,a;.), (3}, a;,)) solves:

—=S | (=m =s
maX s {Eyat,-* —+ Wt (at,-*, at,'*):|
EHRERRE IR

ag +agy + pe(35 +35g) < ay +agy + pe(a + azy)
WtD (3% ag) > WD(atd, aid)

@ w.p. 1 — 6 dealer offers (3], a;;), (3}, a;4-)), solves:

max W (atd> td )
M 35S mM 35
Fti 19t g 19k

ay + aggs + pe(ay + 35y ) < aff + agy + pe(ay + aig)
_ I (=m —= I
eyay + W, (3, a5) > eyay + W, (ar, )



Equilibrium

Dealer-investor trade: solution when investor offers

am 0 ifef <e
o all + pal; ife <€
o [+l ife<e
i 0 if e <e;
where
Pt(Pt (PS

8
‘ y



Dealer-investor trade: solution when dealer offers

-m 0 ifef <e
= m o s *
all +p? (e) a5 ife <e¢
1 .
= ay; + 2 (@) ay ifef <e
o 0 if e <ef

where



Equilibrium

Euler equations: dealers

¢f > Bmax (97, d71/pei1)

(Pi > ﬁnmaX(Pt+1¢T+1v§b§+1)



Equilibrium

Euler equations: investors

¢ =P

ey + i
o [
Pen i Pt+1

€1

_ 4,;11) 4G (s,-)]



Equilibrium

Euler equations: investors

EH (S;y +¢7 4

Pt+1

o7 +00 |

"
€1

¢ =P

_ 4,;11) 4G (s,-)]

¢7 = prr

g0 [ ot = o 490,01 46 )|
€L



Nonmonetary equilibrium

(i) A nonmonetary equilibrium exists for any parametrization.
(ii) In the nonmonetary equilibrium:
@ there is no trade in the OTC market
o Aj = A° — A, = A° (only investors hold equity shares)
@ the equity price is:

s_ B
¢ _l—ﬁney'




Monetary equilibrium

(i) If u € (B, t), there is one stationary monetary equilibrium.
(ii) For any u € (B, 1), €* € (g1, €n) is the unique solution to

(L—Bm) [ [1— G (e)] de _V_'B:o_
e+ Bt [é — et 406 f; G (e) ds} Trpen poo

(i) As y — ji, € — ¢, and ¢° — 152715)’-

(iv) Asy — B, ¢ — ey and ¢* — 1E%E;./y.




Stationary monetary equilibrium

Low Inflation : High Inflation
1
Al = A . A =0
T
Al =(1-mA" A=A
A = AT | Ay = AT
| u
B u Iz
¢ = pr gy > ¢'= pr (E'HSB.F G(E)d&)
- px \ 1-px e
|
;
Ze AL +5G(eHA;
. 1 ol
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Asset prices and inflation

Proposition
In the stationary monetary equilibrium: 0¢° /ou < 0




Results

Asset prices and inflation: equity
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Asset prices and OTC frictions (delays and market power)

Proposition

In the stationary monetary equilibrium:
(i) 0¢° /0 (66) > 0

(i) 9Z /96 > 0, for y € (1, 1)




Asset prices and OTC frictions: equity

Equity prices (ex dividend, daily)
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Asset prices and OTC frictions: real balances
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Measures of financial liquidity

@ Trade volume
@ Bid-ask spreads

@ Liquidity provision by dealers



Speculation (e.g., Harrison and Kreps, 1978)

Define the speculative premium as

_ s BT
P=¢ _1—,87r€y



Results

Speculative premium

X 10° Speculative premium
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Fed Model

The “Fed Model”
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Fed Model

@ Log dividend yield in the nonmonetary equilibrium:

log De.y1 — log ¢7 = log [(1 4 r) — 771]

where D; = &y; and D;y1 = y71tD;



Fed Model

@ Log dividend yield in the nonmonetary equilibrium:

log Dy 1 — log ¢S = log [(1 4 r) — 7]

@ Modigliani-Cohn hypothesis:

log Dt11 — log ¢; = log [(1 + 1) — 7]

"Explanation" of positive relation between
nominal bond yield 1 = (u — B%)/ B and dividend yield



Fed Model

@ Log dividend yield in the nonmonetary equilibrium:

log Dy 1 — log ¢S = log [(1 4 r) — 7]
@ Modigliani-Cohn hypothesis:

log Dt41 — log ¢; = log [(1 + 1) — y7]

e Liquidity/monetary considerations + resale option:

log Dy 41 — log ¢ = log [(1 4 r) — 7] — loge (1)



Fed Model

@ Log dividend yield in the nonmonetary equilibrium:

log De.y1 — log ¢7 = log [(1 4 r) — 771]

@ Modigliani-Cohn hypothesis:

log Dt41 — log ¢; = log [(1 + 1) — y7]

e Liquidity/monetary considerations + resale option:

log De11 — log 7 = log [(1+ r) —y7] — loge (1)

:{‘*
e(1) = max{s*,éJréG/ } with €' (1) <0
JEL



Liquidity crises

Endogenous trading delays: dealer entry

@ 0 (v): probability investor contacts a dealer
e x(v) =6 (v)/v: probability dealer contacts an investor
o k' (v) <0< d(v)

@ Free entry: to participate in OTCM of t + 1 dealer must pay
k > 0 general goods in the CM of t



Liquidity crises

Free-entry equilibrium
Equilibrium conditions as before, plus the free-entry condition

D1 — k<0, with “="if vey1 >0

where

Peer = B (vir1) (1= 0) { G (1:1) Sty + [1 = G (e£0)] S2ia | Pro

€11 dG (8)
St = / —p% ()AL, —
t+1 ., [Pt+1 Pt+1 ( )] t+17¢ (Sfﬂ)

a EH o A7t7+1 dG (S)
= p €) = Pt+1 "
t+1 /€f+1[ t+1 ( ) t+ ]P?+1 (S) 1-G (€t+1)

Pri1 = max (¢, 07,1/ Pei1)



Liquidity crises

Sunspots
ogij = Pr(St41=5j|S: =Si) (Siis a sunspot)
- :B')’ -
7 = ZUU 1+59/ S5 d6(e)| 2,

¢ = Bym)_ oy [(f)j—l—max (e}‘,é—i—é@/j(ej—s)dG(e))}
J &
5(v) | ps [ :
ij ’J'/L (e —£)dG (e +z/ +%dc;()]
o= Aife <E+00 /Sj(sf —¢)dG(e) (= (1 — ) A® otherwise)

- A% +6(v;) G (e1) A,
3(v)6[1-G(e))] - +¢5+o( vi)(1— a)f Hl@Js_dG(e)

k= (1-0)p7




Equity prices (ex dividend, daily)
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i

Equity prices (ex dividend, daily)

Investor's trading probability in the OTC market

Liquidity crises

Dealers’ overnight asset holding
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Liquidity crises
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Conclusion

Summary

@ A model of monetary exchange in OTC markets

@ Liquidity and asset prices in OTC markets

e Inflation:
o distorts the asset allocation across investors
@ reduces trade volume
o reduces dealers’ incentives to provide liquidity

@ increases ask-spreads

o Asset prices contain a speculative premium that:

o decreases with inflation

o decreases with OTC frictions (trading delays, power of dealers)
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Conclusion

Summary

Dynamic stochastic equilibria with episodes that resemble crises:

@ speculative premium “bursts”

e sudden, sharp decline in asset price

o liquidity "dries up”

e sudden, sharp decline in marketmaking and trade volume

e sudden, sharp increase in trading delays and spreads per share



Conclusion

end.



Sunspots example

B = (0.99)'/3% y=E (%> — (1.04)1/3%
e ~ U[0.01,20] > =5D (m;:yt) —on
S(v)y=1- e—(0.1)v — (0_9)1/365

k=01 6 =05

Yer1 = petlyy = (1.03)%/3%

xep1 ~ N (—E2/2,37) 700 = (0.996)"%%5; o4y ~ 1
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The “Fed Model”
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