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Plan of talk

e Introduction
1. Lucas (1976) critique
2. Lucas (1982) DSGEM of exchange rates

1. barter two-country economy
2. single-currency two-country (“two-sector closed’) monetary economy

3. two-currency two-country (“world”) monetary economy
1. under perfectly flexible exchange rate regime
2. under perfectly fixed exchange rate regime

3. RBC modelsin closed economy
4. [(R)BC models
e Wrap-up
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Aim and learning outcomes

e alm: provide microfoundations to exchange rate models

e |earning outcomes
— motivate microfoundations from the perspective of the Lucas
(1976) critique
— derive Lucas (1982) modd in its three versions/stages

— distinguish analytically and interpret the role of money and
of the exchange rate in Lucas (1982)

— discuss the welfare implications of alternative exchange rate
regimes under flexible prices and complete asset markets

— summarise/critically asses the methodology of RBC/I(R)BC
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Lucas (197/6) critique

e Lucas, Jr., Robert (1976)

— “Econometric Policy Evaluation: A Critique”

— In Brunner, Karl and Meltzer, Allan (eds.), The Phillips Curve and
Labour Markets, Amsterdam: North Holland

e main point
— econometric estimates rely on coefficients assumed stable

— but thisis so only given certain economic policy, already incorporated in
the rational expectations of agents about the future
— hence, once there is achange in policy, mechanistic econometric
estimates based on past behaviour will not truly reflect realities
— therefore, the importance of deriving modelsfrom first principles
 any time a policy changes, the underlying analytical model is rederived

» and itsempirical implications reformulated: i.e., the empirical model (or test
eguation) is accordingly respecified to take account of the policy change
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Lucas (1982). summary

o atheoretical study of the determination of prices, interest rates
and exchange rates in an infinitely-lived two-country world
— subject both to stochastic endowment shocks: real (“output”) shocks
— and to monetary instability: nominal (“money supply”) shocks
e “highly ambitious’ in some respects and “very modest” in others

— ambitious in integrating monetary theory with financial economics, by
“replicating all of the classical results of monetary theory as well as the
main formulas for securities pricing”

— modest because “many, perhaps most, of the central substantive questions
of monetary economics are left unanswered”
o consists of three models (stages), building upon one another
— barter two-country economy, essentially a variation on Lucas (1978)
— single-currency two-country (“two-sector closed”) monetary economy
— two-currency two-country (“world’) monetary economy

e maln concern are “alternative monetary arrangements’: float-peg
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L ucas (1982): key assumptions

e general environment
— complete information
— rational expectations
— no market imperfections
— no nominal rigidities
« 2 countries, H and F, populated by alarge number of individuals
— identical utility functions
— identical wealth
— constant population normalised to 1

& representative agent model: the ssimplest way to “aggregate”
 why study such a perfect world?

— as abenchmark, against which to measure progress (in research)
— confront its implications with data => extensions and refinements of theory
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Lucas (1982): “firms’ (or “fruit trees’)

e pure endowment streams generate a
— homogeneous
— non-storable
— country-specific iy = (1+ gy)lsandif = (1+97)if 4
good, using no labour or capital inputs
e number of “firms’ in each country also normalised to 1
e each“firm’
— issues one perfectly divisible share of common stock, e and g7, which is
traded at a competitive stock market

— paysout all revenue from sales of output as dividends to shareholders

* |nthe barter model
— dividends form the sole source of income for individuals
— I, isthe numéraire good and ¢, isthe (relative) priceof i, intermsof i, at t
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H consolidated period budget constraint

H initial current-period wealth (brought into period t)
Wt = Mijt—1 \(lt + et)j + Wi*t_1 \(qtlik + eEk)j

with-dividend value of H firm with-dividend value of F firm

H current-period allocation of wealth (in period t)

Wi = Wit + wi*tef:i + Cit + QtCi-t

Y

saving: purchases of new shares consumption

H consolidated current-period BC: equating the above
H and F current-period utility: u(ci,ci«) and u(c;;,c,)
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H-agent optimisation problem

 choose sequences of consumption and stock purchases
{Citks Ci*taks Dit+k s Di*t+k ) ko

e to maximise expected lifetime utility

00
E. | ) B« U(Cit+k Ci*tk)
k=0 N

H period t+k utility _|

Y

H lifetime utility

e

H expected lifetime utility

 subject to the consolidated budget constraint
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H unconstrained problem and FONCs

U[Qit—l(it +€t) + 60i*t—1(QtiEk +€{) — wite — ®i*&f — thi*E,Ci*ti| +
Cit

+Et Ul @it(Its1 + €t11) + 0+ (Otralfig + €F11) — @it+1€041 — Di*41€5 1 — Otr1Cit41, Civern | +

~

. Cit+1

2 (] =
"‘Etﬂ u a)it+1(| t+2 T et+2) + 6f)i*tJrl(qt+2| Ek+2 + e;(+2) — Wjt+2€12 — wi*t+ze';k+2 — Jt+2Ci*t12, Cix 42 +...

. City2 —
. U (Cit,Ci*¢ )
Cist 0tU1(Cit, Cist) = U2(Cit,Cixt) & ———= = O
ul(cltici*t)
Wit - etU1(Cit, Cixt) = PE{[U1(Cit+1,Ci*t+1) (1 t+1 + €t41)]
Wi+t . e';kul(cit,ci*t) — ﬁEt[ul(CiHl,Ci*t+1)(CIt+1iEk+1 + e:<+1)]
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Market clearing and stationary distribution

« adding-up constraints (accounting identities)
— on outstanding equity shares oii tog =1 opt+toi =1

*

— on exhaustion of output Cit + C; = Iy Cixt + C\ = I{
e assumptions on the stochastic processes

— Mark’s (2001) textbook: 2 possible realisations of output: high and low
e a each date
* In each economy, hence
« 4tatesof natureS; = (In,14), S2 = (In,1]), Ss = (I1,15) and sq = (11,1))
o with the set of all possible states being the same;  (S1,52,53,S4) = &
— Lucas (1982) paper: the more general case of astationary distribution
— possible to refor mulate the DSGE economy into static competitive GE
(Arrow-Debreu) model, the properties of which have been well studied
 If complete asset markets (assumed)
 If competitive setting (assumed)
— In such away, all possible future outcomes and the corresponding
unique Arrow-Debreu goods are completely spelled out
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Arrow-Debreu planner’ s problem:
centralised and decentralised optimum (1)

e itisknown from static GE analysis that
— the solution to the social planner's problem
— IsaPareto optimal allocation

— moreover, from the fundamental theor ems of welfar e economicsit follows that
the Pareto optimum supports (i.e., can be replicated by) a competitive
equilibrium

— hence, the centralised social optimum solution can also be decentralised into a
competitive market economy equilibrium

o st. resource constraints, we first solve the planner’ s problem, by maximising
s R

Y

Ec <D B8] ¢ y(cit+klci*t+k2 +(1-9) P(Cﬁ+kicr*t+k2 >
k=0

Hperiod t+k utility Fperiod t+k utility _|

Y

\_ global period t+k welfare = weighted national period t+k utility

Y

global socia welfare = global lifetime utility
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Arrow-Debreu planner’ s problem:
centralised and decentralised optimum (11)

e goods are non-storable => problem reduces to a timeless one of maximising
PU(Cit, Ci-t) + (1 — @)u(Ci, Ciy)

global period t welfare = weighted national period t utility

e s.t. resource constraints => Euler egs (FONCs) give the optimal /efficient/
risk sharing: consumption is allocated so that MUC of H agent w.r.t. both
goods is proportional, therefore perfectly correlated, to MUC of F agent

Ui(Ci,Cit) = == Ua(Ch,Chy)
MUC of H agent w.r.t. H good MUC of F agent w.r.t. H good
yz(Cit,Ci*tz = %ﬂ U2(Ci¢, Cit )

MUC of H agent w.r.t. F good MUC of F agent w.r.t. F good

» the Pareto optimal allocation isto split the available output equally, by
holding a perfectly diversified portfolio of assets < pooling equilibrium
* It * It * *
Cit = Cjy = - and Ci» = C\yy = — Oit = O = Oj*t = Oy =

1
2
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Arrow-Debreu planner’ s problem:
explicit solution under CRRA utility

* If CRRA utility defined over a Cobb-Douglas (real) consumption index

¢’ — ~0,~1-0
U(Cit’Ci*t) = t_ , Ct = CI'[CI*'[

® then ul(Cit,Ci*t) — Ctt J UZ(CIt1CI t) - (1 9) Ci*t
. and Euler eqs become

G = 55 &= E[CE (1 20) ] = ARG ( )

. RER qt IS determined by relative output Ievels

» the other two FONCs are stochastic difference egsin the “ dividend/price’
(inverted) ratios and can be solved forward if an assumption is made about
the stochastic process governing output

e no actual asset trading in the Lucas (1982) model: agents hold their
Investments forever and never rebalance their portfolios <> asset prices are
thus shadow prices: these must be respected in order for agents to willingly
hold the outstanding equity shares according to the risk pooling equilibrium
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Single-currency monetary economy.
money via CiA => timing of events

single-currency two-country open economy < two-sector closed economy
Imposing cash-in-advance (CiA) constraint: Clower (1967) on money

with CiA and uncertainty, timing of events becomes important

endowment shock realisations revealed: it = (1+0y)ircandii = (1+097)i{,
money supply shock realisation revealed: M = (1 + pt)Miq
e economy-wideincrement AM; = M; — M1 = (1+ p ) Mie1 — Mg = piMig

« distributed evenly to al individuals, so representative agent gets AMt . #cMes

2 2
3. acentralised securities mar ket opens: agents allocate their wealth b/n stock
purchases (risk-sharing) and cash to buy goods (consumption)
4. decentralised goodstrading takes place in the “ shopping mall”: each
household splitsinto “worker-seller” and “ shopper”
e shopper takes the cash from the securities market trading and buys goods from
other “stores’ in the mall (shoppers are not allowed to buy from their own stores)
e theH-country worker-seller collects the i-good endowment and offersit for sale at
an i-good store in the “mall”, and similarly does the F-country worker-seller
5. cash value of goods sales distributed to stockholders as dividends => stock-
holders carry these nominal dividend payments into next period

Nl_\...
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Single-currency monetary economy.
why extra cash not carried and CIA binding

. now the state of the world is summarised by atriplet, €= (96915 4)  andis
revealed befor e trading => representative household can precisely determine
the amount of money it needs to finance its current-period consumption plan

* if the (shadow) nominal interest rate is always positive (as we assume), it is
optimal for households to use up all their cash intended for consumption

e initia current-period wealth (brought in t)

Pe ' ' AM
) M ’ = . ’
dividends ex-dividend share values money transfer
» allocation of current-period wealth (in t)
M
S— . Y
cashto buy consumption ~ INsurance: purchases of new shares
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Single-currency monetary economy.
difference with barter in FONCs and clearing

« with positive nominal interest rate CiA binds: '\ﬁ,:" =Cit + qtci*t

e substituting thisinto last eq on previous slide
eal consumption

o resultsin aampler expression for the consolidated budget constraint (CBC):
_ AM
t (60|t U1 + Oi-10t-11{ 1) + Oit-16t + Oi*t-16f + S5- = Oit€ + Wi=t€ + Cit + J¢Cixt

e maximising the same objective as under barter but using CBC above gives the

same consumption Euler eq but modifies equity pricing FONCs by the inverse
of the gross inflation rate: inflation premium due to nomi nal dividends carried

Qit - etul(CIt1CI t) - ,BEtI:Ul(Clt+1,C|*t+1)( It + et+1):|
Wit e U1(Cit,Cixt) = ,BEtI:Ul(CiHl,Ci*t+1)(mqt|t ‘|‘et+1):|
e abth market clearing cond (now, with money) complements the 4 other (barter)
Mi = Mut + Mgy

e aggregating for H and F and using the other market clearing conds yields QTM
Mt = Pt(Cit + QtCit), Mg = Pi(Cji + QtCi%y ), My = Pe(Ie + Qelt)
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Single-currency monetary economy.
difference with barter in CRRA solution

* under CRRA utility, RER isthe same as under barter => substituting it into
QTM eq produces an expression for the inflation premium: Pt Mt i
Pt+1 Mt+1 it
e it can beused, with Euler egs under CRRA utility, to re-write equity prices.
e Ci+1 1—7/ Mi €1 eEk — I: Ct+1 1_7/( M e':—l ) :I
? N ﬂEtI: Ct ) ( M1 i ltr1 ) :I’ Qtl ﬁEt ( Ct ) Mt.1 " qt+1i;<+1
» toprice nominal bonds, one looks for the shadow price of a hypothetical
nominal bond such that the public willingly keepsit in zero net supply

— let B, be the nominal price of azero-coupon discount bond that pays (with
certainty) 1 unit of currency at the end of the period

— the utility cost of buying the nominal bond is U1 (Cit, Ci*t)%
— Inequilibrium, thisis offset by the discounted expected marginal utility of the
payoff of 1 monetary unit ﬁEt[Ul(Cim, Ci*t+1)% ]
— hence, under the CRRA utility i
_ 1
Bt _ ﬂEt[ Ct+l )1 Y Mt ] Bt —

Ct I\/I'[+1
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Two-currency monetary economy under float:
additional assumptions

« 2nd national currency: traditional assumption on invoicing (pricing: PCP)
AM{ = M{ =M = (1 +pd)Mi; =M, = uiM,

* anew country-specific risk thus introduced: foreign purchasing power risk

e agents can acquire the foreign currency needed for consumption or saving

— from foreign dividends
— during securities market trading

o complete markets paradigm
— alows markets to develop whenever there is a demand for a product

— the product that individuals desire in the present context are claims to future H-
currency and F-currency transfers. one perfectly divisible claim outstanding for
each of these two monetary transfer streamsis assumed => denoted r, and r,’

— initially, the H-agent is endowed with claims only to his national currency, and
similarly the F-agent; onwards, they are allowed to freely trade these claims

vm = Lyw =0 v = Oy =1
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Two-currency monetary economy under float:
Initial wealth and allocation of wealth

_ Peg StPey o | X Y 1AM Vw1 AMi
W =5=0it-1lt + —5 = 0ist-1lt + —p— + —p—— +
dividends monetary transfers

+ g)it—let + wi*t—leii + }//Mt—lrt + ‘//M*t—lr'zkj

Y Y

market value of ex-dividend shares market value of monetary transfer claims

~

market value of securities

M SM;
W 2 P:'t + Pth + Wit +0)i*tef:kj + }//Mtrt-l-l#lvl*tr{t

\ J Y
Y

cashto buy consumption ~ OUtpu insurance: purchases of new shares  money insurance: purchases of new claims

A. Mihailov, U of Essex, EC933-G-AU — Lecture 7 20



Two-currency monetary economy under float:
H consolidated budget constraint

» using binding CiA constraints Mue = PiCit and M{; = PiCi«t to eiminate
money held by the H-agent into the last eq above, we can rewrite it as;

SiP;

Wh =Cit + —5-Cit + 0it€ + @i+ €f + Ymtle + Wwsl {
consunption: goods saving: new equity Insurance: new monetary transfer claims
« the CBC of the H-agent now becomes

P. . Stp*_ .

Ft,tl Wit-11t-1 + P: O] N
+Wit-16t + Oi*-16f + Wmt-1lt + Ymr-1l{ +
4 YmeaAMe Ve 1 SAME

Pt Pt * * Stpr—l
= Oit€ + 0+t T Ymlt +Ymlt + Cit + —5 = Cixt
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Two-currency monetary economy under float:
H Euler equations

* maximising the same objective but s.t. the CBC above, Euler egs now are:

UtPt U2 (Cit,Ci* ) StPe

Ci*t u1(C|t,C|*’[) — UZ(C|’[,C|*t) <= U1 (CiCimy) — P, = RER’[
Qit - eu1(Ci*¢,Ci+¢) = PE¢ Ul(C|t+1,C| t+1)( | )]
. SiPy .
Wi+ € U1(Ci+, Ci+) = PE¢ U1(C|t+1,C| t+1)( ¢ +et+1):|
- AMt+1 "
UMt - tul(CmCl t) — ,BEtI:Ul(le,Cl t+1)( It + rt+1):|
. * _ _ . _ _ St+1AMEk+1 : *
VM*t - r{ui1(Cit,Ci»t) = BEt| U1(Cit+1, Ci*t+1) P It + 14
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Two-currency monetary economy under float:
perfect risk-pooling equilibrium

* Imposing the market clearing conditions allowsto write M = M}, + M,

Mt:Ptit1 M'Ek :P'Ekl'zk
« which can be used to eliminate endogenous nominal price levels from Euler egs

» theequilibrium with perfect risk-pooling of country-specific risksis given by

o *x _ . *x . *x e * 1
Oit = Ojp = Wixt = Op¢ = YMt = Ymt = Yt = Yy = 5

* inthisequilibrium, both the H and F representative household own:

— half of the domestic endowment (output) stream

— half of the foreign endowment (output) stream

— half of all future domestic monetary transfers

— half of all future foreign monetary transfers

— In short, the world resources are split equally between the H and F representative
agents, subjected to country-specific endowment (output) and monetary risks
(uncertainty): the pooling equilibrium thus supports the symmetric allocation

Cit = Cf = — and G = Cfyy = &
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Two-currency monetary economy under float:
equilibrium NER and CRRA utility solution

o tosolvefor NER we use RER eq and QTM egsto get

Us(Cit.Cixy)  SPgy Ua(Cit,Cix)  StM{i S[ _ Us(Cit.Cixy) My If

I , I N N
U1 (Cit,Cj*t) Pt U1(Cit,Ci*¢) Mg Ui (Cit,Cixy) M{ It

e under CRRA utility
e _ 10 M
— equilibrium NER becomes S = 5~ M
— in addition to Euler egs, two new ones relate to each of the currenciesin circulation

1-y ( AM r _ C 1-y [ AM{ re
E I: Ct1 ( w1 4 el ) :I — BE I: 1-60 ; Ct1 tl Tt
ﬂ ‘ ) M1 lt41 ﬁ t ( ) Mt 41
— and aForeign bond price equation adds to the earlier Home bond price equation

C 1-y M{
ﬁEtI: t+l) Y *t :I BEk _ l*
Ivlt+1

141,
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Two-currency monetary economy under peg

 If NER isto befixed, some agency hasto ensure and implement thisfixity: thisroleis
assigned to asingle, central authority, holding reserves of both currencies

e Lucas (1982) points out that to analyse such aregime under RE, it is necessary

— dther to assume that behaviour of this central authority, in combination with monetary and real
shock processes in the countries, is consistent with permanent maintenance of the pegged level

— or toincorporate into the analysis the possibility of deviations and of consecutive speculative
activity: approach avoided by Lucas (1982) s
« reserves held by the central authority before and after trading: Ro = R+ SR
. : . © . M-R W(CiuCpy) If
« under positive interest rates, QTM egs givethe NER: S = e .
o ul(Cit’Ci*t) It

o viability of the peg requires, R > 0 and R* > 0, for al s, which isthe same as

Ry > SM* — M U2 (Cit,Ci*¢) i and Ro > M — SM* . with O < Uz (Cit,Ci*t) i.t* < o
U1(Cit,Ci*¢) It u2<cit’ci*t>'t_ U1 (Cit,Ci*) It
ug (citGxg) It

* maintenance of fixed exchange rate requires sufficient reser ves and coor dination
— therest of the analysisis precisely the same as in the single-currency world economy =>
— peg versusfloat debate does not matter for the equilibrium allocation of real consumption with
complete asset markets and flexible prices
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RBC research in closed economy

o Kydland and Prescott (1982), Econometrica, started this literature

— analytical model < microfoundations => optimising behaviour

— calibration
 functional form(s)
o parameters. long-run (stable) relations “extracted” from the data

— simulation
— model vsdata: comparison of moments => mean, SD, corrs (comovement)

e textbook treatment

— sections 4.4, 4.5 and 5.1 in Mark (2001) provide a compact introduction to
the RBC approach

— sections 7.4.3.1 — 7.4.3.4 in Obstfeld and Rogoff (1996) offer another

o King, Plosser and Rebelo (1988 a, b), IME

— discussin greater detail the technical aspects of RBC research
— Itself viewed as extending the basic neoclassical growth model
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|(R)BC models

e extension of RBC research to open economies

e Backus, Kehoe and Kydland (1992), JPE, started this
literature

o essential features and techniques of |(R)BC research

— textbook treatment
e section 5.2 in Mark (2001)
e section 7.4.3.5 in Obstfeld and Rogoff (1996)

— Baxter (1995), NBER WP, provides another insightful account

o Baxter and Crucini (1995), |ER, focus on the solution
algorithm of these models
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Concluding wrap-up

 What havewelearnt?
— Justify the need for microfounded models following Lucas (1976) critique
— derive and discuss Lucas (1982) model in its three versions/stages

— distinguish analytically and interpret the role of money, exchange rates
and the nominal exchange rate regime in Lucas (1982)

— summarise Lucas (1982) conclusion on the welfare implications of peg vs
float under flexible prices and complete asset markets

— describe and critically asses the methodology of RBC/I(R)BC research

 Wherewe go next: to Obstfeld-Rogoff (1995) “redux” model,
the 1st microfounded DGE of exchange rates under sticky prices
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