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The purpose of this paper 1is to develop an open-economy model which
can be used to interpret the observed fluctuations in output, inventories,
prices, and exchange rates,. We have constructed the model to be
consistent with the empirical regularities that characterize fluctuations
in these magnitudes discovered in studies of business and inventory cycles
and with the empirical regularities concerning pfices and exchange rates
discovered in open-economy studies.

At the center of our model is the optimization problem of domestic
firms facing uncertain demand. The representative firm must set its price
at the beginning of the period without knowledge of actual demand which
occurs during the period. Although firms have less than full information

about the current state of the economy, they do observe market clearing

prices in asset markets, the govermnment's preliminary announcement of the

monetary aggregate, as well as prices being charged by other firms.
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Consequently, firmms use this information to make 1
demand will actually occur, and they set their prices to maximize the

present value of profits, It is crucial to our analysis of real effects

of monetary disturbances that asset markets be informative about real
aspects of the economy.2 The firm's problem is nontrivially intertemporal
Decause inventories are carried through time.

kach period firms make two sequential decisions., First, they set
their prices based on incomplete information. Second, after they have
received orders for their proaucts, they decide how much of the orders to
meet out of current production and how much out of inventories.

Qur model is consistent with two major empirical regularities

discovered in studies of business cycles, Tnese two regularities are:



n

(1) changes in the money supply result in real output fluctuations and
(11) woeviations of output from a "natural rate" of output show
persistence. Fully perceived monetary shocks have no real etfects in our
model, but unperceived monetary shocks affect real variables in our
framework because price-setting firms are unable to infer from asset
prices the exact values of monetary disturbances and demand disturbances.
Because the demand for money in our model depends on expenditure by
domestic residents, a positive expenditure disturbance (for example) 1is
also a positive money demand disturbance. In this structure either a
positive money supply disturbance or a negative expenditure disturbance
will elicit incipient excess supply in the money market. Since firms see
only the equilibrating asset price responses to such incipient excess
supply, there is a tendency for firms to misperceive a. positive money
Supply shock as a negative disturbance to real demand for the home good.
Firms are led to lower their relative prices below what would be optimal
with full information. Since real demand actually has not shifted in this
example, firms experience unexpectedly high demand once orders are
processeaq. Because we assume that these orders must be filled at the
posted prices, the typical firm's optimal response to the unexpected
demand is to meet part of it by raising current production and part of it
out of current stocks of inventories. The firm carries smaller inventory
stocks 1into the future than previously intended. Deviations of
inventories fram their optimal levels are costly, and the avoidance of
these costs causes persistence of deviations of output from its natural

rate, In the example above, a monetary disturbance in this period causes

inventcries to be lower than previously intended next period. Hence,



firms produce more in future periods than previously intended in order to
make up the inventory shortfall.

A controversial aspect of our model is that real effecﬁs of money
shocks depend on the part of those shocks that is unperceived rather than
on  the full unexpected shock. An  unexpected shock is one whiech is
unpredictable based on past information. An unperceived shock is one
which cannot be inferred from current information._ It is the distinection
between unperceived money and unexpected money which separates the
monetary business cycle models of the Lucas (1973) - Barro (1976, 1980)
type (the island models) from those of the Gray (1976) - Fischer (1977)
type (the wage indexing models). The well known empirical work of Barro
(1977, 1978) examines only the effects of unexpected money. Since all
unperceived money must also be unexpected, the Barro work does not clarify
the type of monetary Shock important for business cycles.

The more recent work of Barro and Hercowitz (1980) and Boschen and
Grossman (1983) does attempt to disentangle these two types of shoeks.
Both sets of authors find evidence which they interpret as being
unfavorable to the hypothesis that the monetary portion of the U.S.
business cycle is due entirely to unperceived money. Interpreting the
evidence as these authors have done requires the imposition of some strong

exogeneity assumptions involving the money supply process and the behavior

of the U. S. Federal Reserve Board as well as some additional arbitrary
restrictions involving lack of correlation among disturbances. A more
precise consideration of these issues will be given below in the context
ot our model.

The major empirical regularities confronting theories of exchange

rate determination are the following closely related tacts: (i) exchange



rates are more volatile than nominal goods prices in the sense that tor
one period ahead, exchange rates are harder to predict than are goods
prices, and (ii) countries' exchange rates are negatively correlated with
their terms of trade, that is, a currency depreciation tends to coincide
with a deterioration in the terms of trade. In light of these facts, the
dominant model of exchange-rate determination has become the one developed
by Dornbusch (1976).

In the Dornbusch model, markets in goods are in disequilibrium with
prices increasing in response to excess demand, but asset markets are
continually in equilibrium. In typical stochastic presentation of the
framework, such as Mussa (1982), the domestic price of the home good is
treated as a predetermined variable, unresponsive to current disturbances.
Thus; a positive monetary shock increases real balances which requires a
decrease in the nominal interest rate to reequilibrate the money market.
The fall in the nominal interest rate is accomplished by an over
depreciation of the domestic currency accompanied by the expectation that
the currency will appreciate. The currency depreciation deteriorates the
country's terms of trade increasing domestic and foreign demand for the
hone good, which slowly drives up its nominal and relative price.

Despite the large number of extensions of the basic Dornbusch model ,
several awkward aspects remain prevalent in the literature. First, as
mentioned above, domestic prices of home goods are typically treated as
predeterminea variagbles with respect to current disturbances. In
contrast, domestic prices of foreign goods are taken to be proportional to
the exchange rate, and they jump with jumps in the exchange rate. Neither
the precetermination of prices nor the assumed asymmetric treatment of

nome and foreign goods prices appears to characterize the observed_



macroeconomic price aggregates. In the Dornbusch model, predetermined
prices are perfectly predictable given last period's information set.
While it is difficult to imagine what macroeconomic price aggregate
fulfills the condition of perfect predictability, presumably the
predetermination of prices is intended as an abstraction which captures
the stylized fact that pricves’ do not appear to respond fully and
immediately to monetary or other disturbances. Indeed, the essentialA
aspects of the Dornbusch analysis are preserved in a model where price
adjustment to past excess demand is not perfectly predictable. Price
adjustment may have an unpredictable stochastic component which 1is
uncorrelated with other monetary and real disturbances. It is not clear
though how such a disturbance arises, and it is not obvious to what extent
the results of the Dornbusch model depend on predetermination of prices
per se versus some other form of incomplete .current price adjustment. The
second unappealing aspect of constant cutput versions of the Dornbusch
model such as the presentations of Flood (1981) or Mussa (1982) concerns
the reconciliation of the disequilibrium between demand and supply in the
goods market, These models never Specify how the aisequilibrium is
allocated across agents,

In the present paper both of these awkward aspects are confronted.
because firms are using asset market information when setting prices,
domestic prices in our model are correlated with current disturbances.
but, since the agents do not see and are unable to infer exactly the
values of the actual disturbances affecting asset prices, domestic price
adjustment to a money supply disturbance, for example, is less than its
full information counterpart pecoming complete only with the resolutiocn of

uncertaintcy. Further, che firmms in our model are engaged 1in pricing,



production, and inventory management. Any deviation between current
demand and current production is accomodated by corresponding optimal
inventory adjustment,

The exchange rate and price solutions of the model reflect the
inherent dynamics inducéd Dy a current disturbance and propogated through
time by optimal management of prices and inventories. The model was set
up to match Dornbusch's with respect to initial effects of real and
monetary disturbances,. The dynamics of the Dornbusch model, though,
result from slow price adjustment, while our dynamics result from slow
inventory adjustment. This divergence implies quite different ad justment
paths for exchange rates and relative prices following initial impact
effects, For example, in the Dornbusch set up a one=time monetary
disturbance causes the exchange rate to overshoot its long-run value and
Lo be expected to approach that long-run value slowly but directly from
above. In contrast, in our set up a one-time monetary disturbance causes
the exchange rate to overshoot its long run initially and to be expected
to undershoot it subsequently, approaching the long run from below. The
crucial difference between these two response patterns centers on the real
impact of a money surprise in our model. Such a surprise drives
inventories down and output up. Inventories and output adjust directly to
their long-run values. But, rising inventories are associated with a
depreciating domestic currency, so the eXchange rate must undershoot after
overshooting and then depreciate to its long-run level. Consequently, the
dynamics of our model imply even more wild gyrations of eXchange rates
than those implied by a Dornbusch-type model.

The model of price and inventory adjustment employed in this paper is

a descendant from a long line of similar optimizing modgels. The early



work on this type of model as a theory of the tirm was done by Holt,
Moaigliani, Muth and Simon (1960Q) and by Lovell (1961) and was extended by
Zabel (1972). More recently, Feldstein and Auerbach (1976) and Eichenbaum
(1983) have implementea versions of the model to study inventory
agjustment at the firm and industry level, while Blinder and Fischer
(1982), Blinder (1982), Amihud and Mendelson (1982), Haraf (1981), and
Brunner, Cukierman and Meltzer (1982) have worked with variations of the
framework at the macroeconomic level. These latter models are designed to
incorporate optimal price and inventory adjustment into rational
expectations, closed eéonomy macro models. While our model differs from
each of the above in many details, two points stand out. First, the
dimension of price aggregation is different across our work and the other
models. Because the other modeis are construéted for hypothetical closed
economy analysis, the only relative prices which concern firms aré those
arising in comparisons across firms producing the same product. In
contrast, our open economy firms must be concerned with their relative
prices compared to foreign good as well as their prices compared to other
domestic firms. Second, our firms make price and output decisions
sequentially, whereas the other models have simultaneous price and output
decisions and often treat both variables as predetermined with respect to
current period information. While our sequential decisions are slightly
more difficult to anlayze, our results are consistent with three empirical
regularities.

Thne first regularity, noted by Feldstein and Auerbach (p. 363,
(1976), 1is that average absolute sales forecasts errors for durable gzoods
are typically nine cimes larger than average absolute changes in

inventories. This fact suggests that production oriages the gap between



actual sales and forecasts of sales, indicating that production responds
to unanticipated demand as in our framework. Since Feldstein and Auerbach
are quite cautious about the quality of the sales forecast data used to
establish the point, we are correspondingly reluctant to use their data as
the only support for our modeling strategy. !

The second and third regularities have been documented by Barro
(1977, 1978). They concern the positive response of real output to
monetary shocks and the lack of strong econometric evidence in support of
"price surprise" terms in estimated aggregate supply functions. Our model
produces a positive response of output to monetary shocks only when output
is allowed to respond to actual demand. When output must be determined by
the firm at the beginning of the period using its current information set,
positive monetary shocks would induce firms to lower output because firms
misperceive positive monetary shocks as decreases in real demand. Our
sequential decision strategy produces a positive response of output to
positive monetary shocks because positive monetary shocks are associated
with unexpectedly high demand given the posted prices of firms derived in
the first stage optimization. The final feature of our model which should
De noted in this introduction concerns a difference across models in
transmission of the real effects of monetary shocks. Since firms in our
model have full knowledge of the prices charged by other firms, monetary
shocks do not have real effects because of a "price surprise" term in the
aggregate supply function, which is a common feature of open and closed
economy models of the business cycle,

While price surprise terms are crucial to many recent models of
business cycles, it 1is disturoing that such shocks have not played an

important role in econometric macro models. Indeed, Barro (1981, p. 71)



writes, "Given the relatively minor role played by price surprises in the
results of Sarygent (1976) and Fair (1979) ..., it appears that monetary
intluences on output involve channels that have yet to be isolated."
Although additional econometric work may show that price surprise terms
are the primary transmission mechanism of monetary shocks, the response of
output in our model is consistent with the current evidence.

Qur investigation yields three principal results. First, monetary
disturbances produce persistent real output effects. The impact effect is
due to price-setting agents' confusion concerning the true nature of
disturbances impinging on asset markets, The persistence is due to the
effect of inventory movements on future production decisions. Second, our
- model preaicts that output variance will be higher under fixed eXxchange
rates than under floating rates iness the monetary authority announces
the extent of intervention required to maintain the fixed rate. This
result, which is similar to one derived by Kimbrough (19y82), is due to the
fact that fixing the exchange rate removes it as an information source
firms may use to infer real disturbances. Unless that information source
is replaced by intervention anunouncements, the quality of firms' infor-
mation is poorer with fixed rates than with floating rates, and firms will
have a tenaency to react to disturbances with output changes rather than
with price changes. Third, the model matches the open-economy empirical
regularities the Dornbusch (1976) model was designed to explain even
though prices in our model need not be predetermined. A special case of
our model results in predetermined home goods prices. However, because
our inventory-based dynamics are different from the Dornbusch-type price-
based dynamics, our model does not generate a Dornbusch-type model as a

special case.
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Qur analysis is presented in the next two sections. In Section II we
develop the model by focussing first on the goods markets and second on
the asset markets. At the end of Section II we summarize the model.
Section III presents the full reduced form solution of the model, and
Section IV 1is an analysis of the dynamic responses of the endogeéous
variables to the exogenous stochastic shocks that drive the model. The
consistency of the predictions of the model with the various stylized
facts is discussed in Section V. The volatility of output under
alternative exchange rate regimes is discussed in Section VI which is

followed by some concluding remarks.

II. The Open Economy Macro Model

This section presents an open economy macro model based in part on
the decision problems of rational profit maximizing firms. Qur
presentation is in two parts. 1In the first part, we develop the equations
of the goods markets which consist of demands for and supplies of the
goods produced in the medium sized open- economy being examined. The
result of this part is a set of optimal decision rules governing pricing,
inventory accumulation, and production. These decision rules are not
reduced forms, however, since imbedded in the rules are beliefs concerning
currently unobservable disturbances. The formation of those beliefs is
based on information extracted from asset markets. In the second part of
this section we provide the asset market structure. We emphasize that the
goods markets determine only relative prices and the interaction of the
400dS ana asset markets is required to cetermine nominal prices.

Qur model 1is one in which some irrevocable daecisions are made

6
sequentially, and they are based on incomplete information. At the
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beginning of the period, agents choose their asset portfolios tor the
period,.and firms choose their prices for the period. These decisions are
bDased on identical incomplete information concerning the state of the
economy. Later in the period, firms and agents discover the actual level
ot demand facing the firms. Given the prices posted at the beginning of
the period, tirms respond to the actual quantities demanded by choosing
profit maximizing levels of production and inventory accumulation,

IIa. Demand in the Goods Markets

There are k firms in the economy, each facing a demand curve of the

form

J o1y . J_ 3 _
Dr.'th ksu(Rt Rt) J=1,2, ..., k, (1)

k DY, and Ri is the relative price

where Dt is economy-wide demand, Dt = Xj=1 £

charged by firm j which is equal to that firm's nominal price divided by
the price levei, a function of the domestic currency prices of domestic

and foreign goods, ﬁt is the average economy-wide relative price, Ry =

(1/k) z‘;:]Rg. Economy-wide demand, D , is the sum of domestic demand, o,
p1§t + pyX. ana foreign demand, o8 - o?ﬁt» Where p;, o} are positive

parameters ana Xt is the level of real expenditure by domestic residents.

Real expenditure is assumed to depend positively on real income, Rth»
with the specification given by the following linearization:

k., > 0 (2)

where v, 1s an aggregate expenditure disturbance. We assume that ut is a

wnilte noise disturvance to the saving-spending decision.
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IIB. Pricing, Production and Inventory Holding

Firm j faces the demand curve given by (1). If the firm charges the

averzge economy-wide relative price, R} = R , then its demand is its share
. t t

of economy-wide demand, (1/%)Dy . If the firm charges a higher (lower)

relative price than the average, its demand is reduced (increased) by the

amount keu(Rg - R ).8

. The 1larger is k8, the greater is the firm's

sensitivity to deviations from the average relative price. In the limit

(kg,4 + «) each firm will choose to charge the average price,

A firm produces output, Yg. and holds inventories, Né, such that
J_ ,d J _ d :
fg = DL+ ML - N (3)

aescribes the law of motion for end of period inventories. Firms hold
inventories to smooth production costs which are assumed to be an
inereasing convex function of the firm's output, Yi. and an increasing
function of aggregate output, Y, = i§=1Y£- We choose a specific
functional form for firm production costs which is given by Y1Yth +
(72/2)(Y€)2, Y10 Yo > Q. Holdingvinventories ls also costly. We allow
negative inventories, interpreting them as a backlog of unfilled orders as
in Blinder and Fischer (1981), Eichenbaum (1983) and Blinder (1982).
backlogged orders are cbstly to the firm because it must discount price to

consumers to induce them to pay now and accept delivery in the future.

Inventory costs are incurred on beginning of period inventories in accord

o ) J J 2
wiin the cost function 61Nt-1Nt-1 + (62/2)(Nt_1) » 845 8, > 0, where Ne
K
ZJ=1N2_1 is the aggregate inventory level.

we tnink of our cost tunctions as tractable approximations of more

complex behavior. Qur functions are nonstandard in that Yt appears in the
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representative firm's production costs and Nt-1 appears in inventory
holaing costs. The presence of Y, 1s intended to capture the positive
association ot economy-wide real wages and aggregate output. The presence
ot Nt-1 is intended to capture the positive association of the level of
aggregate inventories and storage-space rents. Because we allow negative
inventories, the term 51Nt_1N‘g_1 could be negative. However, if each firm
does not deviate by much fram the average, then the effects of such
aberations should be small.

The firms' first stage contingency plans are found from the following

maximization problems:

. RN S i i o2
?;’j Mo Ee 'Eo i fas = ¥ Yo, - (/220 )
t+l’ e+l 1=
J - oy (nd 2, i .
- 61Nt+i_1Nt+i_1 (62/2)(Nt+i_1) Yoo, J=1, ..., K. (4)

The firm's maximization problem is subject to an initial stock of
inventories, Ng_1, and to the relationships (1) and (3). The discount
rate ¢ is a constant between zero and unity.9 The operator Et denotes the
mathematical expectation conditional on the information available to the
firm at the beginning of period t. All firms have identical information
Sets, so the operator is not specific to the firm,

In finding the firm's optimal plans we have assumed that k 1is
sufficiently large that each firm takes the economy-wide variables §t+i’
Nt+i’ and Yt+i as invariant to the firm's decisions. Such a strategy is
exactly profit maximizing only when kK - », There is nothing in our setup

to preclude k + =, and the reader may want to interpret out results in

terms of this special case.
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The problem stated in (4) implies a pair of linear Euler equations
for each of the k firmms. These equations are recorded in Appendix A and
must be used to find firm-specific decisions. Since our concern is Wwith
aggregates, we record here only the "aggregate Euler equations", which are

obtained by summing the firm-specific Euler equations. These aggregate

Euler equations are:

EglDiyy =~ KBRe g+ (kyy + vdks Y, .} =0, (5a)

E{Y - oY + guN } =0, (5b)

t+i t+i+1 t+l

where y = (61k - 62)/(y1k + 72). Equation (5a) is obtained by suumming
across all the firm-specifiec Lkuler equations resulting from

J

tei’ J =1, 2, ..., k, and (5b)

differentiating (4) with respect to R
results from summing across all the tirm-specitfic Euler equations
resulting from ditfferentiating (4) with respect %o N€+i' J o= 1, ..., k.
we wish to solve (5a) and (5b) for aggregate contingency plans concerning
Etit+i ana EtNt+i' Because prices are set based on beginning of the

period information, the planned value Eth and the actual magnitude Rt

wili coincide.
Before solving (5a) ana (5b), it is convenient to define some demand-
associated parameters. Use the dqefinition of Dt' the aggregate law of

motion Nt = Yt + N‘_'_1 - Dt' and the expenditure function in (2) to obtain

Dt = 8y - 81Rt + 32([\\t - Nt-1) * 8y, (85)
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where By = (po + pg)/(1 - ‘2°2)' By = (91 + p? - 92<1)/(1 - p2n2), By =

<, /(1 - x,0,), B, 3 1/(1 = x,0,), and w, =

L] i <
Pr%y 2°2 3 5P ¢ = PoUy - Since we assume o,

2 2
1 and °q +'p? ~ oK, > 0, we have Bi >0, 1i=1, 2, 3. Equation (6) gives
the aggregate demand function we use when solving (5a) and (5b).

Since wt is a white noise disturbance, we conjecture solutions for

the Euler equations of the form

£ "o T "RiVear T "R2Ee (72)
and

EeNe = v + yqNeoq * myoBewe - (7b)
The values of the m coefficients in (7a) and (7b) are found by the method

of the undetermined coefficients. These values are reacorded in Table 1.

Table 1
“NO = c¢onstant
. 2 1/2
Tyq = 17204 = (A7 = 4/0) 1, 0 <my, <1
2
k™g. 8
"o = U : o) 52u ' N2 <O
T - o]
N1 31 + Kk 8384
“RO = ¢constant
5
- = —— - <
"R 3 Uyg = 10 "1 <0
Tr-=Aa +A_3 ki >0
R2 Al N2 1' R2
where
ud
A =1+z1;+ 12
8
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2 2
(1 + k T8y + k7234)81 + k By

_‘l>
(1]

>4
1]

2 , 2 ,
5 (1 + k Y8, * KYZBH)BZ + k Y8y *+ Ayzsu

[d
"

2
(1 + k Y1Bu + KY2BH)B3

Equation (7a) gives both the contingency plan for gt and actual ﬁt
since tnese values are identical. However, equation (7b) does not give
actual Nt’ only expected Nt’ since actual inventories will not be
determined until the second stage of optimization when actual demand is

revealed to the firms. Equations (7a) and (7b) make intuitive sense.

Since 13-3) < 0 and TR > 0, ﬁt responds negatively to beginning of period
inventories and responds positively to expected demand disturbances.
Since 0 < 1 < 1, expected inventories obey a stable autoregression: and
since ™2 < 0, inventories are expected to fall in response to a positive
qemand disturbance.

After the firms set prices, they are confronted with actual demand.

er D

SR - ~ Iwm mmabod rwdiage afbar =lhat
the {irms may not alter their posted prices after viaey See

o
[
n
4]
£
£
]
¢t
jo
(5]
ct

demand. However, the firms need not follow their contingency plans for
inventory accumulation. Instead, upon seeing demand the firms satisfy the
demand with an optimal combination of current production and inventory
change. This is the second stage of optimization, and in this stage each
firm takes as given its own price, the economy-wide average price,

beginning of period inventory, ana actual demand for the current period.

The economy-wide Euler equations for this stage of the optimization are
obtained in a manner similar to (5a) and (5b) except that Ri is now not a
Jdeclslon variaple and the information set relevant to the optimization now

incluaes the actual value of demand at time t.
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The inventory decision may be derived from the following aggregate

Euler equation:
Eé{Yt - th+1 + cuNt} = 0, (8)

where EL is the expectation operator conditional on full information for

period t which includes W e

Since actual inventories will differ from contingency plans only due

to aifferences of W from Etwt' we express the solution for inventories as

Ne = Tyo * TVeoy

+

nNzEtwt + nN3(wt - Etwt)' (3)

Using (8) and our previous results we find

-8
7\':\‘5 = 3 2 1] (10)
' By + [0(1-1N1)(Bl+k 8384)/A1] + gy

where

-1 < x,. < 0.

N3 < ™2

In (10) note that < implies a Stronger response of

™3 ™2
inventories to unexpected demand than to expected demand. Firms respond
Lo expected aemand shocks with their relative prices and an expected
response in inventories and production. When actual demand occurs, the

firm responds optimally given its set price, Consequently, the response
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of inventories and production to unexpected demand under the constraint of

no price change is greater than the response to expected demand.

Aggregate output is given by Yt =D+ Nt - N

t Using our previous

t=1"

results we derive

Yt = Ty * “YTNt-T + "Ythwt + wYB(wt - Etwt) (11)

where the coefficient; are given 1in Table 2. Because LS < 0, larger

beginning of period inventories result in a lower output. Since "o > 0,

increased expected demana increases expected output.

Table 2
Tyg = constant
2
) (WN1 - 1)(81 + K 5384) <o
1 S 3 : T4
2
< BBy 1
™o © 8, LT+ (WN1 - AjE] "o >0
Tyy = 83(1 - sz) | “Y3 > Tyo

An 1increase in Etwt produces an 1increase in ﬁt and a higher expected
quantity demanded along the shifted demand curve. Firms plan on meeting
this increase in demand partly out of current production and partly by
drawing down current inventory stocks. Because “YB > "y2'
demand has a larger output effeect than does expected demand, since

unexpected

expected demand is reflected in increases in relative prices wnile
unexpected demanda is not.
This completes our geveliopment of the g00ds markets. We have not yet

ootalned reauced forms for relative prices, inventories or output because
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our expressions for these magnitudes all contain the expectation Etwt‘ To
determine this magnitude agents use their knowledge of the entire economy
which consists of both the goods markets and the asset markets. We turn
now to the development of the asset markets.

IIc. The Asset Markets

The economy we are portraying is one which is small in the world
securities markets, where all securities are perfect substitutes, and
small in the markets for foreign produced goods. However, the country is
large in the markets for domestically produced goods and for domestic
money, Thus, foreign interest rates and foreign goods prices are
exogenous to our economy. The principal equations describing the asset

markets are the following:

- = =q. i . >0 1
m, P, a i+ ath, a o, (12a)
T -
g =1+ sy - s (12b)
.= _ =
P, = eht + (1 8)(hi + ;t), 0 <8< (12¢)

Equation (12a) expresses money market equilibrium and states that the

Py eéquals real money demand, _a1it + azxt. In

(12a), @, is the logarithm of the supply of nominal transactions balances

real money supply, m,

ana Py is tne logarithm of the nominal price level. According to (12c),
Pt is a weighted average of the logarithms of the average domestic
currency price of domestic gooas, Ht' and the average domestic currency
price of imported goods, Et + s, where H; is the logarithm of the average

toreign currency price of imported goods and s, 1S the logarithm of the

t
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exchange rate quoted as the home currency price of foreign currency. The

relative price of home goods, Et' may be approximated as Et = Et - Pt + 1.

Money demand is specified in the spirit of cash-in-advance models

Such as those of Clower (1967), Lucas (1980) and Kohn (1981). The
opportunity cost of holding cash balances in excess of planned expenditure

is it’ the level of the domestic rate of interest. According to (12b), i¢

obeys the uncovered interest rate parity condition, with i% being the

1"
level of the foreign interest rate. The scale variable in money demand,

v . z n i,i .
X, is the sum of agents' expected expenditures, Xt = zi=1EtXt' where n is

. i, . .
the number of agents in the economy, E, 1S agent i's expectation operator
at the beginning of period t and Xt is agent i's expenditure during period

t. We assume Xt obeys

i, 51 % i
Xt = TR\‘. + —n—Yt + U (14)

e i, .. N . .
where u. is the individuals saving-expenditure disturbance at time t. We

allow each agent to see his own ut

t at the beginning of the period.

i .
However, we assume that U 1ls composed of two uncorrelated white noise

i i i i i . n i
components, e  and a ., u. = e, + a,. Further, we impose 1 ,_,e = 0.
. i . L : i .
Thus, u, contains an individual-specific component, ey+ and the indivi-

. i i .
dual's contribution to the aggregate disturbance, Zut = Zat = U We

. i o
assume that the variance of e, 1is sufficiently large compared %to the

. St ) .
variance ot at such that even though each agent sees his own expenditure
‘ i . .
aisturoance, U he always thinks that disturbance to be dominated by the
individual-specific component, et. Hence, the agent cannot use hnis
i

ovuservation ot ue to form wuseful inferences concerning or other

aggregate disturbances. Thus, when xt is formea, one cobtains

Ug
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£, = «.R_ + « Eth + u_. (14)

2 t

Rt appears in (14) because Rt is in each agent's information set. Eth

Wi . , i .
appears because tth = Eth Since knowing Ui Provides the agent with no

. . i1
information concerning the aggregates. u_ appears in (14) because Etut =

i , n i _
u, and by construction Zi=1ut T u.

The logarithm of actual transactions balances is assumed to follow a

randcm walk m = mt_1 + vt where vt is white noise. At the beginning of

the period agents do not know Vo but it is assumed that they know My _q°

Also, in keeping with the practices of many countries, we assume that at

the beginning of the period agents observe a preliminary indicator of the

nominal money supply, the "money number", mﬁ, which we assume to be equal

#
to actual money plus a white noise disturbance, zti me = M + 2 The

v and z are assumed to be mutually

three white noise disturbances,'ut, 0

ortnogonal.12

t ’

The aggregate information available at the beginning of the period is
the conditioning information for the operator Et' appearing both in the

asset markets and in the goods markets. That information set contains the
realized values of all lagged variables and current values of all goods

ana asset market prices, it s Ré (J =1, 2, ..., k), the money

ltl
: # . ) .
numoer , M , as well as foreign goods prices and the structure of the

model. Notably, the beginning of period information set does not contain

~

t = OZUt' Vt or Zt.

current values of the disturbance terms w
For simplicity, we complete the moael Dy assuming that the average
price of foreign gooas is constant, Ez = E*, and the foreign interest rate

1s aiso constant, ig = 1%,
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For convenience we list the entire model including a glossary of
notation in table 3 alony with the model's important derived and assumed

restrictions.

Table 3

The Complete Model

Goods Market

ﬁt = TRo * "RiNeoq * TEaEgWei TRy < 04 7y, > O (15a)

Nt = Mg * "Nth—T + nNzEtwt + TrN3(wt - Etwt); (15Db)
0 < ™1 <1, "N3 < ™o <0

Yt = Myg * Ty * "YzEtwt + an(wt - Etwt); (15¢)
Tvq < 0, Ty > Tyo > 0

Asset Markets

m, =~ p = —°1it + °2;t; a, o >0 (15a)
it z it + Etst+1 -5, (15e)
P, = eEt + (1 - a)(Eg +5.); 0< 08 < (15£)

nzitY + Ui kg Ky > Q (15g)



23

Exogenous Processes

mt = m o+ oz (15h)
me=m .o+ VS (151)
ig = 1* (constant) (153
hz = h* (constant) (15k)
Glossary of Variables
h o = logarithm of average price of domestic goods in units of domestie

currency

ng = logarithm of average price of foreign goods in units of foreign
currency

i, = level of domestic interest rate

it = level of foreign interest rate

=
]

t logarithm of domestic money, transactions balances
= logarithm of the money number
Nt = level of aggregate domestic inventories

P, = logarithm of domestic price index

ﬁt = level of average relative price of domestic goods in terms of the
price level

S, = logaritam of exchange rate quoted as domestic currency price of
foreign currency

4. = wWwnite noise disturbance to expenditure

<
(1]

. wnite noise disturbance to mt
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Xt = level of real spending by domestic residents
Y_ = level of aggregate domestic output

X #
zt = white noise measurement error in mt

Vi We = poUp z, are mutually orthogonal white noise disturbances having

. 2 2 _ ., 2 .
variances g, O and o, respectively. .

Before turning to the formal solution of the medel, it is useful to
summarize informally the working of the model. At the beginning of each
perioa prices are set, and the exchange rate and interest. rate are
determined. However, agents do not know, at this stage, the actual values

W and z

of the disturbances Vi ¢ £* The agents see all prices, the

exchange rate, the current money number, and both the domestic and foreign
interest rates. From these data the agents form inferences concerning the
values of the disturbances. It is the inferred value of wt, Etwt' which

intc the pricing decision. After prices are set, the actual value

teeds
of the demand disturbance and the other disturbances are revealed to the
agents, The firms then choose optimal production and inventory
accumulation based on the actual quantity demanaed wnich is determined in

part by the prices set under partial inforation and in part by the demand

distrubance, wt.

III. The Solution

In this section we will proviae our model's reduced form solutions
for the level of output, imventories, the exchange rate, the average

relative price of the domestic good, and the nominal price of the domestic



good . The first step required in obtaining a solution is to extract
information from the clearing of the asset markets and from the money
number to form agents' perceptions about current disturbances. Agents
will be able to observe two signals of the three underlying aggregate
disturbances.

IIIA. Information and the Asset Markets

At the beginning of the period each agent has the information set Io

#

. .
i* Rt(J =1, .., k), m

which contains the values of s_, h g

t t’ Eg'

it'
and full information concerning all variables dated t - 1 or earlier as

well as complete information concerning the structure of the model. It

does not contain the current distrubances Ver We or z.. 3ince agents'
decisions at the beginning of the period in both price setting and in the
asset markets depend on their perceptions of these distrubances, they will
use the information in It to draw inferences about the Qisturbances. We
assume that Etvt' Etwt' and Etzt denote the linear least squares
projections of the respective disturbances onto the information set It.13
To find the values of these linear least squares estimates we must
isolate the new information entering It concerning the disturbances at the
beginning of the period.M Two of the disturbances impinge directly on
the asset markets, and it is from these markets that agents extract one

Slgn&l concerning the disturbances. Using international capital market

equilibrium, (12b), money market equilibrium may be written as

- = - i -5 R E Y _w, (18
e ¥ Ve ~ Py 0 (AT + EgSe g = 5p) + ay(x Ry + pEYy) * agWy )
= i : g d R 11 as the
where a3 = a2/°2' It contains nt_1, pt, lt' st an . as we
parameters a,, a,, and 2. In addition, I, is used to form E.S¢,, and

Eth wnich implies that It contains the following variable:
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B1g = Vg T %Wy (17

The variable g1t carries the asset markets' information concerning the

ungerlying disturbances. The second signal is contained in the money

The beginning of period

. . , . # .
information set contains M g0 S0 the new information in my 18

, i
numper, w2 = MW 4+ 2, T M . o+ V. + Z..

=V, + Z (18)

The variables 81t and 2ot contain the current-period information about Vi
Wes and zt available to agents at the beginning of the period. Agents use
these two pieces of intormation to form E Ve and E W, as linear least

squares projections ofvvt and We onto 8¢ and 8ot Hence,

Ve T Py139g T 908 (19a)

and
{19b)

t T 1Bt S8

where

-1 2 ¢
oyq = A 9,9 >0
‘ . =12z22
Pyp =8 a30wdv >0
_ -1 2, 2 2
b1 = <0 ascw(cv + cz) <Q



a7

-1 2 2

@;0,0y >0

1
(=3

w2 ~

and

[}
—
n

2 2 2 2 2 2.-1
A = (00 +a. 00 + a-c o] .
v 2 W Vv w 2

2
3

w

Using these projections we can derive the full reduced form solution of

the model. The reduced-form solutions for the real sector of the model,
Rt’ N., and Y., can be found by substituting Etwt in (19b) into (7a), (9),
and (11). Reduced-form solutions for the exchange rate and the domestic

price are found from the money market equilibrium in (16) and from the

approximation Rt = Ht T 1. Given the assumed time series properties

29

off the exogenous stochastic processes and ignoring constant terms,

reduced-form equations have the form
zZ, (20)

R Sy Ht' To solve for the exchange rate in (16),

tor 4 = N
recognize that Py = [e/(1-—e)]§t + S¢, Substitute the appropriate
expression for s, in (20) into the equation, use Etst+1 = XsNEtNt +

xsm(mt_1 + Etvt)’ and substitute for Reo ELNe E Y., and E.v Then,

0"
equate the values of the coefficients of the state variables on both sides
of the equation.

The algebraic signs of the A coefficients of the full reduced form
are recorded in Table 4, and the actual values of the coefficients are

listed in Appendix B. The dynamics of the model are described in the next

section with the aid of Figure 1.
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Table 4
Endogenous Signs of Reduced Form Coefficients on
Variable Nt—1 mt_1 vt wt zt
Nt 0 < XNN <1 me = 0 XNV < 0 XNw <0 XNZ >0
Yt XYN <0 me =0 XYV > 0 wa > 0 kYz <0
Rt X-ﬁN <0 Xﬁm =90 Xﬁ <0 Xﬁw >0 Xﬁz >0
A > 0 by = 1 A > 0 A <0 A Z 0
St sN sm ~ SV SW sz <
- > > >
B¢ Miw 2 0 Mo = O Mw 20 MO Az 0

IV, The Dynamics of the Model

As the reduced-form equations (20) indicate, the beginning of period

inventory stock, N the actual money supply from the previous pericd,

t-1"

m_q.» and the stochastic disturbances v., W., and 2z, are the state

variables of the system. We assume that actual money is known with a one
period lag. Therefore, the lagged nominal money stock does not influence
the real sector of the model, and since the logarithm of the actual
nominal money supply is assumed to follow a random walk, the exchange rate
and domestic price change equiproportionality to known changes in mt‘1.
Consequently, A EN = A\gg 0, and xsm = Agp = 1.

Nm ym

The dynamic path of the economy is induced by innovations in the

exogenous stochastic processes, the innovation in the actual meney stock,
Vi the domestic demand disturbance, wt, and the error in the money

number , Z . These contemporaneously unobservable disturbances shock the

system away fron 1ts steaay state whnich 1s labeled with an F subscript in
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Figure 1. In that figure, the NN, YY, RR, and s(my)s(my) loci indicate

the values ot Nt' Yt’ Rt' and Sy that are consistent with any particular

value of Nt-1 given a level of money, mt_1 = my, and no new shocks to the

system.1b Figure 1a demonstrates that when inventories are away from
their steady state, they converge over time in a stable autoregression
toward the full equlibrium Np- As YY indicates, output is above Yy When
inventories are below NF' Along the adjustment path firms set their
relative prices higher when inventories are low as indicated by §§, and

for Nt-1 < NF the exchange rate is expected to depreciate, as 3s
indicates, as the eéconomy moves toward full equilibrium. This 1is
consistent with asset market equilibrium and with the expected fall in R.
We turn now to consideration of how the economy responds to the stochastic
disturbances.

Consider how the economy responds to an unobservable stochastic
increase in the money supply, vt, given that it begins in full
equilibrium and given that we = 2. = 0. From (19b), notice that EgWy =
(¢w1 + ¢w2)vt < 0 indicating that agents misperceive the increase in the
money supply as a reduction in real goods demand. This occurs because the
information provided by the equilibrium values of prices, the interest
rates and the exchange rate obtained by firms in observing 8¢ is
consistent with an increase in the money supply and with a reduction in
expenditure. As (19a) indicates, combining g1y With the information in
the money number allows fims to infer that vt has increased, but Etvt =
(o, + 4,57V, Wnich is positive and smaller than vy Slince firms expect a
fall in real demana, they lower their relative price to ﬁt in Figure 1c

which is the intersection of the locus R(v) and Ng. AL this point firms

are anticipating an increase in inventories and a reduction in output



30

along a shifted aggregate demand curve. When real demand is actually
realized, it occurs along the unshifted demand curve because we are
discussing the influence of a monetary shock and are holding LI 0.
Since firms have set low relative prices, dewand 1is unexpectedly high.
Firms respond with an optimal combination of increased production, at the
intersection of the locus Y(v,w) and Ny 1n Figure 1b, and inventory
gepletion, at the intersection -of the locus N(v,w) and NF in Figure 1a.
The domestic currency depreciates in response to the Ve shock for two
reasons. First, to the extent that the monetary shock is perceived, all
nominal prices including the exchange rate rise equiproportionately.
Second, part of the deterioration in the terms of trade, i.e. the decrease
in ﬁt’ is accouplished by a depreciation of the currency, the exchange
rate rises. In Figure 1d, the exchange rate is determined by the
intersection of the locus s(v) with Ng-

A fundamental insight of Dornbusch (1976) was that monetary shocks
woula cause exchange rate overshooting if goods prices were fixed and the
money markKet was in equilibrium. In this model overshooting is not a
necessary result although it 1is more 1likely the smaller is T4 the
semi-elasticity of the demand for money with respect to the interest rate.
To demonstrate this result, notice that st' the initial response of the
exchange rate to a money shock, can be written as its full information

response plus an additional term:

22
B e i i PO Yrss - ) v o komun]l = ana(21)
Asy T 1F T+a, A WLigTg + xR mgn = ATy T B RpTy, 1 %3

In (21) the exchange overshoots if the positive term in square brackets is

larger than 3@ Figure 1a is drawn under tnat supposicion.
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After the initial response to the monetary shock, the economy adjusts
over time- back to its unconditional equilibrium unless new stochastic
distﬁrbances alter its path. Inventories begin to accumulate since firms
produce output in excess of demand which firms constrain by raising the
relative price of their product above its unconditional equilibrium value.
The exchange rate falls in period t+1 to facilitate the improvement in the
terms of trade, As Figure 1d indicates, the exchange rate is then
expected to depreciate over time to its unconditional equilibrium value
sF(m1). Rather than approach its new Steady state from above as in the
Dornbusch (1976) framework, the approach is from below.

Now consider the influence of a positive shock to real demand which
we normalize to have the same effect on inventories and output as the
previously discussed money shock in Figure 1. This shock is considered in
isolation fram other shocks, i.e., vt = Zt = 0. When a positive but
uncbservable real shock ocecurs, We > E,Ww, > 0, since EcW, = —a30,4Wy and
0 < -u3¢w1 < 1, Firms expect an increase in demand and raise their
relative prices. In Figure Ic, Et is given by the intersection of the
locus R(w,z) and Ng. Firms expect to draw down inventories and to
increase yproauction, but they are surprised by the magnitude of actual
demand. Output for period t occurs at the intersection of the locus
Y(v,w) and Ng in Figure 1b, and N, 1s given by the intersection of Ng and
the locus N(v,w) in Figure 1a. The exchange rate falls as the currency
appreciates for two reasons. First, the currency appreciates to
facilitate the improvement in the terms of trade. Second, agents think
that the supply of money has fallen since E¢Ve = masd Wy < 0.
Consequently, the exchange rate falls to reflect the perceived decrease in

the money supply.
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The dynamic adjustment in period t+1 and afterward is exactly as in
the case of the positive monetary disturbance except that the exchange
rate in period t+i+1, i = 0, 1, 2, ..., is given by the intersection of
Nt+i and the locus s(mo) in Figure 1d.

Next, consider the response of the economy to Zeo the reporting error
bDetween the logarithms of the measured nominal money supply and the actual
money supply, given Ve = W = 0. The money number, mﬁs is a source of
"news" about the actual money supply. Knowing mt aliows agents to make
inferences about the state of the economy. Frenkel (1981) and Frenkel and
Mussa (1980) have stressed that modern asset theories of the determination
of the exchange rate predict that much of the observed changes in exchange
rates will be in response to new information or news. If that news 1is
measured with error, such as mi is, then the noise in the news will be a
fundamental determinant of all of the endocgenous variables of the economy
including the exchange rate.

Given the stochastic structure of the economy, agents misinterpret

positive zt disturbances as positive real demand disturbances, since Etwt

= 0%t > 0, and as positive money supply disturbances, since EgVe = 9y07%¢
> 0. Consequently, for the real sector of the economy, a positive money
supply reporting error operates exactly like a negative disturbance to the
actual money supply. Firms expect an increase in demand, raise their
relative prices, and expect to increase production and decumulate
inventories. When actual demand is realized, it is lower than expected,
and firms must cut back on production and increase inventories. Because

the positive 2z  is misinterpreted as a positive increase in the actual

£

money supply, the effect of z, on the exchange rate is ambiguous without
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further assumptions. Under the assumption that produces exchange rate

overshooting with respect to a v disturbance, st < 0 since

A, = jwv[(e+ Ka ) W=y = QA e + Ko™ - a,a
sz~ (1 +q,)8 1-9 K17 TR2 14sN™N2 T %%y 193

1. (22)

The effects of the disturbances on the nominal price of the domestic

good are also generally indeterminate in algebraic sign which is why we
have not discussed the effects of the shocks on this endogenous variable.

The next section discusses the consistency of the model with this

various stylized facts mentioned in the introduction of this paper.

V. Consistency with Empirical Regularities

Several empirical regularities were mentioned in the introduction,
and this section discusses the consistency of the implications of our
model with these regularities,

The first regulari

T

Yy addressed is that nominal monetary disturbances
must have persistent real effects. This 1is true in our model since vt
affects all real variables and because the explicit mpdeling of
inventories induces persistent dynamics. A potential criticism of the
model isvthat the real effects of money are caused only by unperceived
money.

Two empirical papers, one oy Barro and Hercowitz (1980), hereafter
referred to as B-H, and one by Boschen and Grossman (1983), nereafter B-G,
address this issue, It is important to discuss the relationship between

the present structure of our model and thne regressions used to test

hypotheses in b-H and B-G because the results of these studies provide
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some evidence against the hypothesis that unperceived money is the primary
channel through which nominal money affects real variables.

For eclarity of presentation, the stochastic processes Vi wt and zt
were specified as being jointly orthogonal as well as being independently
and identically distributed. It turns out that the predictions of our
mocel in the jointly orthogonal case are inconsistent with the evidence
presented in B=G and BeH. In each case, thcugh, significant covariance
between v, and z_ in one case and z, and w. in the other is enough to
overturn the apparent inconsistencies between the model and the data.

The two empirical propositions of B-G and B-H are the following: (i)
the measurement error between actual money and reported money should have
a signiticant effect on real output, and (ii) reported money, since it is
fully perceived, should have no real effort. The first hypothesis 1is
tested and rejected in B-H with U.S. annual average data from 1950-75 and
in B=Gu with U. S. quarterly average data ftor 1953-78 while the second
hypothesis is rejected in B=G.

The hypotheses are most eésily discussed in terms of the reduced form

for output which may be written as

g = TyqNeg * ("Y2 - "Y3)[¢w1(vt'“3wt) + ¢w2(vt+zt)] * TyaWy (23)

a

where (sz - "YB) < 0. Define Yt = Yt - ﬂy1Nt_1 where Yt is the

innovation in L. The first empirical proposition is that z,» the noise
in the news about the money supply, should have a significant coefficient

ln ordinary least squares regressions (OLS) of Y, on 2.. Consider the

estimation of equation (24),
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Y =

¢ = Bg%p * Vi (24)
by OLS. The estimated parameter, Bz' is
~ E[zt(szztﬂ)]t)] E(zt"n)
BZ = > = BZ + —2— . (25)
E(z E(z.)
t t

~

If zt and Vg are uncorrelated, Bz is an unbiased estimate of the true

-

influence of z, on Yt' In the present form of‘our model the population
parameter g = (nY2>- nY3) 4.0 < 0, and Vig = ("YZ - "Y3)(¢w1 + q;wz)vt +

[(nY2 - "Y3)(—a3¢w1) + "Y3Jwt which 1is orthogonal to z, making OLS

appropriate. Since B-G and B-H estimate B8 to be insignificantly
z

different from zero, this Specification of our model is Suspect. Relaxing

the restriction that Vgr Wes and Z, are mutually orthogonal, though,

implies that the OLS estimates of B, given in (25) is not an unbiased
estimate. A sufficient condition to bias the coefficient toward zero is a

negative covariance between Ve and zZ . In a more complicated framework

with a complete covariance matrix, presumably other combinations of
. ‘

covariances would bias the OLS estimate 8, toward zero as well.

Now consider the second empirical hypothesis of B-G. In OLS

regressions of output on perceived money, the OLS estimate should be zero,
but it is estimated to be significantly ditferent from zero by B=G. This

is inconsistent with the present version of the model because OLS

. A i# .
regression ot Yt °n @ - m._; Wwoula produce a zero coefficient if the

covariances between Vi and z, with W, are zero., Notice from (23) that

Y :s(m";_

£ L mt—T) + V. (26)

2t
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where 8 b2 Tyy = "YB) and v, = ¢w1("Y2 "Y3)Vt + ["Y3 - a3(WY2

. i i i ives
WY3)¢W1Jwt Ordinary least squares estimation of %n g

~ Els @ -n ey 1af -m )}
m m

g = t=1 2t t t-1
m - # 2
E(mt - mt_1)
#
E[(mt - mt—1)(“2t)]
= B+ (27)
o E(m # m )2
t t-1
2 2 2 2
= (WYZ - TrY3)[(¢w1 + ¢w2)°V + ¢wzoz]/(cv + cz) =0
initi I itivel m# m = Vv, + 2_ 1is
framn the definitions of o1 and Py - ntuitively, g~ Moo 3 Ve £
uncorreLated witn w,_, hence it provides no information about E W, and

consequently cannot affect anything real in the model. Clearly, this

would not be the case if the covariance of Wi with Z, or v, Wwas nonzero in

which case the money number would provide direct evidence about the shock
1
Lo adxregate demand for the home good.

The second empirical regularity that was mentioned in the

introduction was that the exchange rate and the relative price of the

eéxport good of the country were negatively correlated. Thus,
depreciations of the currency and deteriorations of the term of trade tend

. . . = ' - ! - ! b
to coincide. Let C£-1(At’8t) Et (At E A )(Bt E B.) be the

-1 t=-1"¢ t=-17¢

conditional covariance of two random variables At and Bt cgnditional on

tull information about variables dated t-1 and earlier, Then the formal
requirement on the model is that C£-1(§t;st) < 0. This condition 1is

satisfied for our model since

2 + A= X oa + A 2

! R, ;s = =_\A__a
¢ (Ryis,) sv AW SW W Rz"sz 'z

T-1 TeiSg TR

<0 (28)
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from examination of the algebraic signs of the i coefficients in Table 4
ana by imposition of the argument that Asz <0,

The third empirical regularity discussed in the introduction requires
exchange rates to be more volatile than domestic price indexes where by
volatility is meant one-step-ahead predictability. Let V£_1(At) = E{:_1(At
- E{:_1At)2 be the definition of volatility for any random variable Ag» and
recognize that p_ = [e/(1-e)]§t + S.. Then, the volatility definition

implies that

_ 8.2 8 =, .
Vi) = GV R w235y (Rois) + Vi (s) (29)

wh 3 : | T . | 3
which is smaller than v (St) when '2C£-1(Rt’st)‘ > [e/(1-0)Jvy (R,

1 t=-1""¢

For this condition to be true,

6 8 2 8 . 2
(1—6){>\§V[(—1——_6-)>\§V + ZASVJOV - )‘ﬁw -(T_—e))\ﬁw - Z)\sw]ow
) (30)
- e =2y - <
XRZL (1-6)ARZ ZXSZJGZ < Q.

In (30) each term muitiplying the terms in square brackets is negative,
Hence, 1if each term in square brackets is positive, the condition is
satisfied. A sufficient condition for each of the terms in square
brackets to be positive is that [é/(1+a1)] > 1. This is only a sufficient
condition and is not necessary. The point is that the model allows
qomestic prices of domestic goods to be determined within the period as
Opposed to assuming them to be predetermined variables, yet it remains
consistent with the empirical regularity for at least some values of free

parameters of the model.



38

VI. A Positive Aspect of Exchange-Rate Regime Choice

In this section we investigate the predictions of our model regarding
the extent to which unsterilized intervention in the foreign exchange
market influences the conditional variance of output. The conditional

variance measure is
V.(Y.) = E.(Y, - E_(Y,)]° , (31)
1 A Al 4 £t 7t

which captures the variability of output relative to the level planned by
firms at the beginning of the period.1

Implicitly, the analysis so far has been based on the assumption of
freely floating exchange rates. ‘Discussion of unsterilized intervention
requires that we introduce nigh-powered money created by purchases of
douestic credit or international reserves and 'recognize that monetary
transactions balances are a multiple of high-powered money. As a linear

approximation, let

mt = ("'dt + (1—w)bt + mm, 0 <w<i, (32)

where Ot is the natural logarithm of domestic credit, bt is the natural
logarithm of the book value of international reserves and mm . is the
logarithm of the money multiplier. We assume that the logarithms of

domestic creait and the money multiplier follow random walks: dt = dt_1 +

Qg where Q. is independently and identically distributed, and mm, = mmt_l
+ Cy wnere C, is 1independently and identically distributed. Under
tlexible exchange rates, international reserves are constant, o_ = b;

<

wnile unsterilized intervention is captured oy the feollowing policy rule:
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bt = b - nst. (33)

When n = 0 as was assumed in preceding section of the paper, the
innovation in monetéry transactions balances is Ve = Vg = wq + Ce- When
n 1s ftinite and nonzero, the innovation in transaction balances can be
written as Ve 3 Vi T (1-m)n(st - Eést)'

The first point to notice is that the choice of any finite n does not
affect the conditional distribution of output. In this case the new

intformation in the asset markets regarding the underlying disturbances

remains gy, = V,. - a3We. Output volatility in this case is

2 2 22
Vt(Yt) Ty3 kcv1cwcz/A) (34)

-

where A = [ca 02 + a 02(02

2 2 2
vi~z 37w vl * cz)] and o

vi represents the variance of

V1t.

The only choice of n that does influence the conditional distribution
of output is n =z =, In this case the exchange rate is fixed at some
constant level s, which is not eXpected to change. This choice of the
monetary authority may affect the information available to firms regarding
the underlying disturbances driving the economy.

Wwhen the exchange rate is fixed, the supply of money is entirely
demana determinedq. If the change in the supply of domestié credit plus
the change in the money multiplier produces an incipient amount of nominal
money different than that demanded by individuals, international reserves
must aajust to bring the actual nominal amount of money supplied into
equality with the nominal amount of money demanded. Conéequently.'the

nominal supply can be written as
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mt = pt + “2("1§t + KZEth) + QBWt. (35)
Knowing that the money and capital markets are in equilibrium now provides
no new information regarding the underlying disturbances. Nevertheless,

agents obtain information about the disturbances from the money number

which now conveys

gBt z u3wt * 2z (36)

which is an exact linear combination of the information received under

flexible exchange rates or with finite intervention since 3¢ = &y T By
Qutput volatility under a fixed exchange rate regime is
s 2 .22, 22 2 .
Vt(Yt) = "Y}Lcwcz/(°3°w + d,)] (37)
which is necessarily greater than Vt(Yt) in (34) since
2,22 2 s
Vt(Yt) = [oﬂ(a?’ow + Gz)/A]Vt(Yt)' (38)

and the term in square brackets in (38) is a positive fraction.

Intuicively, the volatility of output under either regime 1is produced by
the 1inability of firmms to forecast demand precisely. Under flexible
eXchange rates, firms receive two sources of information abcut the.
underlying aisturbances while under fixed exchange rates, they receive a
linear combination of the two information sources which is a smaller
information seu. Since the forecast of demand, Etwt' is calculated ¢to

minimize tne forecast error variance, forecast errors must be larger under
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-fixed exchange rates in which the forecasts are made with a strictly
smaller information set. These larger forecast errors increase the
volatility of output.18

This result depends critically on our assumption about the rate of
release of money supply information. If high-powered money information is
available at the beginning of the period, then high-powered money does not
influence aggregate output regardless of exchange rate regime choice.
Furthermore, if under fixed rates, the monetary authority releases the
extent of current intervention, bt - bt-T' at the beginning of the period,
then bt will be in agents' information sets and the asset markets will
convey the information variable 8,¢» as under floating rates. Complete
intormation that is made available at the beginning of the period on the
quantity of intervention under fixed rates 1is equivalent to the
information carried by the exchange rate under floating rates, and if such
information is revealed, the stochastic distribution of output will be
invariant to exchange-rate regime choice.

An apparently important restrictive aspect of our model is that our
demand disturbance, Wy i1s uncorrelated with any foreign variable, Less
restrictive would be an assumption that the disturbance to demand for
domestic goods consists of two components, We 8s in our set up, plus w*, a
foreign-based disturbance. The complete demand disturbance would then be
W+ wt. The wg portion of the disturbance would be correlated with other
foreign variables known to domestic agents. In particular we would expect
1* ang Hz to be correlated with w¥, and we would drop the assumptions that
ig and Hg are constant. In this c¢ircumstance adopting a fixed exchange
rate or a floating one will be irrelevant to agents' inferences concerning

W:- However, if i: ana EZ remain uncorrelated with w fixing the

t ’
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exchange rate, without revealing intervention, still removes an

intormation source relevant to inferring that disturbance. Consequently,
the prediction errors of W, o+ wt Wwill be larger under fixed rates than
with any finite degree of intervention, and output variance also will be
larger under fixed than under floating rates.

The result that setting s, at a constant s results is higher output

T
variance than that available under floating rates when intervention is not
announced immediately is not standard and seem to us to be at odds with
traditional sticky price models of the open economy. In the traditional
moael, the domestic currency price of domestic output is predetermined
with respect to current shocks. Tnus, when these shocks disturb the
exchange rate, they alter the relative price of domestic output, which
thereby affects the quantity of domestic output demanded. With domestic
output demand determined, a current shock therefore alters domestic
proauction. Qur model does not presume that the domestic price 1is
Price setting agents see the exchange rate and the nominal
interest rate and set their relative prices using the information from the
asset market. This is the crucial difference between our model and
previous models, Qur agents use the information content of the exchange
rate in setting prices and when that information is removed, as when the
exchange rate is fixed, output becomes more variable. In the traaitional
model, prices are set without the use of exchange rate information so
movements of the exchange rate contribute to relative price and demand
variapbility rather <than conveying 1information concerning demand
disturbances.

The decisiveness of our result concerning V(Yt)’ when intervention is

not revealed, 1is due largely to our assumption that the country being
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Studied is small in world capital markets. If this assumption were

relaxea, then i* would be correlated with w

s and i¥ would convey

t’ t

information concerning wt even with fixed exchange rates. Consequently,
it would no 1longer be true under fixed rates that forecasts of Wy
necessarily have a larger variance than under flexible rates, Since we

have not yet modeled the correlation of i§¢ and w, , we do not know the

results for output in such a case.

VII. Concluding Remarks

Qur moael was constructed to be consistent with the major empirical
regularities discovered in studies of business cycles and those discovered
in studies of prices and exchange rates. Unexpected monetary disturbances
are not neutral in our model because price setting agents do not observe

money directly. They see only indicators of the underlying disturbances,

and they tend to confuse positive (negative) monetary shocks with negative

(positive) demand shocks. Business cyeles are propag

Y}

ted through time via
optimal inventory adjustment.

Prices in our model are set at the beginning of the period, prior to
the revelation of actual values of the underlying disturbances. Thus, our
Prices are sticky in the sense that they do not respond as quickly to
monetary disturbances as they would if pricing were based on full
information. OQur model is consistent with the observations that exchange
rates are more difficult to predict than are commodity prices and that
countries' exchange rates and terms of trade are negatively correlated.

In presenting our results we worked with unrealistically simple time
series processes governing the supply of money and the level of real

expenditure. These processes were chosen for clarity of presentation and
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none of the results we have emphasized concerning the effects of
unperceived monetary disturbances on output depend on our choice of
processes. These effects stem only from innovations to the money supply
and to money demand. Consequently, these results will be robust to any
stationary time series processes for the money supply. What will change
witn change in the time series process for the money supply are the time
series prqperties of nominal prices.

We recognize that much work remains to be done on our framework. In
particular, the linkages between firm level outcomes and the levels of
aggregate domestic expenditure and aggregate money demand need %o be
incorporated into the maximizing framework. However, we conjecture that
the crucial analytic feature of our model in this area, which is the
correlation between the scale variable in money demand and the scale
variable in goods demand, will appear in a wide variety of sensible

specifications.
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FOOTNOTES

* University of Virginia.

*% Carnegie-Mellon University.

This work was begun while Robert Hodrick was employed by the research
department of the International Monetary Fund and Robert Flood was
employed in the International Division of the Board of Governors of the
Federal Reserve System. They thank the respective organizations for their
support, Robert Flood also thanks the National Science Foundation for
Support. The paper represents the views of the authors and should not be
taken to represent the views of the Governors of the Federal Reserve
System, the Directors of the I.M.F., or other members of their staffs.

1. Barro (1981) and Lucas (1976) sumﬁarize the business cycle empirical
regulatities, while Mussa (1979) and Flood (1981) have discussed
regularities for prices and exchange rates.,

2. The information conteant of asset prices has been emphasized by Barro
(1y50), King (1982), and Grossman and Weiss (1982) 1in the context of
business cycle models and by Grossman and Stiglitz (1976) and many others
in the context of microeconomic financial markets.

3. That only unexpected changes in money result in real output effect is
a8 controversial aspect of our model. Some non-supportive results are
presented by Makin (1982) and Mishkin (1982). The work of Barro (1977,
1978), Barro and Rush (1980), Leiderman (1980), and Wogin (1980), is
Supportive of the proposition. In our model unexpected money is
unperceived. The empirical support for such disturbances has been
chnallengea Dy Boschen ana urossman (1453) and by Barro and Hercovitz
\1yoU), and we discuss their results in Section V in the context of our

nodel.
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4, In contrast, the dynamics in the Dornbusch-type model are

rationalized in terms of slow and costly price adjustments.

5. Price surprises typically enter aggregate supply either through the
information confusion channel of Lucas (1973) or through the incomplete
wage indexing channel of Gray (1976) and Fischer (1977). The Gray-Fischer
framework has been particularly amenable to open economy analysis such as
that of Flood and Marion (1982). Marston (1982) surveys recent open
economy models that generate aggregate supply curves containing price
surprise terms gZenerated via wage indexation.

6. This seems to be a popular method for introducing monetary induced
business cycles into models.  The wage indexing models of Gray (1976) and
Fischer (1977) follow this pattern. An alternative method for introducing
monetary influences into business cycles is that of Lucas (1973) where
decisions are not importantly sequential but important information
channels are assumed not to exist. Both approaches assume some curcial
ransactions costs prohibit otherwise profitable transactions, and thus
both are somewhat unsatisfactory.

It is notable that not all business cycle models depend on price
surprise temms, In particular, the simple Keynesiah model, popular 1in
undergraduate texts, postulates demand-determined output with all prices
known to agents. Further, Grossman and Weiss (1982) and McCallum (1932)
present models designed to avoid price surprise terms in aggregate supply.
7. For now we make foreign demand non-stochastic., In section VI we will
discuss stochastic foreign demand.

5. wWwe adopt the functional form kB.4 for concreteness. An arbitrary
function Su(k) with asu(k)/ak > 0 and &ggsu(k) -+ =@, would have served

equally well. None of our macro results would be altered if we set Bu =0
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and maximized the objective with respect to R, as in Blinder (1982). We
include 3u>> 0 to allow some price and inventory dispersion at the macro
level. Allowing idiosyncratic shocks to the firm demands would add
additional micro dispersion without changing the macroeconomic paradigm.

9. Cur specification abstracts from possibly important aspects of a
time-varying discount rate,

10. In a set up much like ours, Eichenbaum (1983) has shown the
observational equivalence (i.e., equivalence of decision rules at the
inaustry level) of an unknown number, n, of firms acting as (i) perfect
campetitors, (ii) an n-plant monopolist, and (iii) Nash competitors.
Consequently, we e€xpect the qualitative properties of the aggregate
decision rules we derive to be robust to a wide variety of firmelevel
specitications.

11. We view equation (12) as a useful simplifying assumption that allows
uUs %0 focus directly on production, exchange rates and prices without
complicating the theory with a model of a time-varying risk premium. The
evidence in Hansen and Hodrick (1983) suggests that statistically
significant risk premia may characterize the relationship between forward
exchange rates and the expected future spot rates. However, their
eévidence also suggests that if risk premia exist, they are small in
comparison to unexpected changes in exchange rates.

12. The assumption that the three disturbances are mutually orthogonal is
made strictly for clarity of presentation. The implications of relaxing
the assumption are investigated in Section V.

1. If the underlying disturbances were normally distributed, maximum
likelihood estimates of the disturbances would be obtained by linear least

Squares projections of the disturbances onto the information set. While
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it is plausible to assume that v, and z_ are normally distributed, such an

t t

assumption about w_ = 92\1t would be absurd because u, 1s a disturbance to

t t

the level of real expenditure. A normal distribution for ug would imply
that we sometimes would observe negative aggregate expenditure. See
Sargent (1979) for a discussion of such projections.

14, Canzoneri, Henderson and Rogoff (1982) discuss the information

extraction method we use. The method tractably separates information

extraction from dynamics and is equivalent to extracting information

directly from exchange rates or interest rates,
15. In discussing the dynamics of the economy'it is important to remember

that each period new stochastic shocks will buffet the economy. Hence,

the discussion of the path following a shock is only a discussion of the
conditional path given that thevnew disturbances have expected value of
zero.

16. Consider, for instance, the case in which Wy and z, are correlated

and v, and 2z, are correlated. In this case Y, = g;(m¢ - m,_,) + v5y where

| - - [ t = - [ - 1
By = (“yz Try3)¢w2' V2t (“yz Try3¢w1(vt °3wt) M Try3wt and %1 and

¢&2 are the new OLS regression coefficients in the linear prediction of wt

.using g,  and g, . An OLS regression of Y, on m§ - m,_, produces the

~ 2 2
3 1 - . TR
estimate g = [cwz/(cv + 9, + 2°vz)]"y2‘ In this case, neither the true
5& not its OLS estimate is nonzero,

~

. ~ .2
17. Another popular measure of output variance is V(Y ) = E(Y, - Y7,

where Yt is the full information value of output. To find Yt replace Etwt
Witn w in (15¢) resulting in the expression Yy = mygq + Ty Ne | + 1y W, -

3 3 ¥11 i i - = T o -
Subtracting tnis expression from (15¢) yields 'Yt Ty sz(utdt wt).

. o 2. 2 , .
Thus V(YE) = WYZE(wt - Etwt) » Which is proportional to the result in (34)
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with a constant factor of proportionality ("YS/“YZ)z’ It follows that our

results concerning (34) will hold exactly for V(Yt)-

18. Kimbrough (1982) derives a similar result on the volatility of output

across exchange rate regimes for the same type of reason.
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APPENDIX A
This appendix provides the solutions to the representative firm's
maximization problem given by (4) in the text, demonstrates that summing

these solutions produces the aggregate Euler equations (5a,b), and

explains the steps necessary to obtain the solutions in Table 1.

The firm's problem is rewritten here as (A1):

. : J sd J J 42
W }h‘t -z 51 fhes = M¥eai¥ieg = Gr/20(0g,,)
tel’ tei 1=
j 3 2, 1 o
= SiNeaiaNeaiag T (720N ) e 1= b2 ek (AD
subject to
3. L3 g
Yt = Dt + Ny Nt-]' _ _ (A2)
J .1 J_x
ana an initial level of inventories, Ni-]‘ In (A3), Dt =z Bo - B1§ +
82(Nt - Nt-1) + B3wt is the quasi reduced form for aggregate demand

derived in (6). A solution to the problem is found by differentiating

NI

. R4
(A1) with respect to Rt+i and el

i =0, 1, 2, ..., setting the
derivative equal to zero, and imposing the transversality condition. In

the maximization it is assumed that each firm is small enough such that it

) - k
takes as given the economy-wide average price, Ry 2 z

k

ZJ=1Y€, and economy~wide level of inventories, N_ =

j=1R‘i/k, the economy-

wide output, Y
Ko\
ZJ:1Nt'

t

J

Pifferentiating with respect to Ry, ; and N%+i gives the following

system of stochastic Euler equations:
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Et{(1/k)Dt+i - 2k34Rg+i + k84§t+i + Y1Yt+ik34 + (Al3)
2k8472[N‘2+i - N€+i_1 + (/KD . - ksu(R‘g+i - §t+i)]}- =0
BeloviYo,y = wlQ/kiD, - ksu(qu - R) * Ng+i - Ng+i-1j
* v g L0/ -k (R Repior) * N
- Nf.;il - olaN, .+ aauf_;ij} =0 i=0,1,2,... (Alb)

Following Sargent (197Y), the appropriate transversality condition is

founa by examining the finite horizon problem, differentiating with

respect to the final inventory stock, N%+T’ and taking the limit as T goes

to intfinity. The transversality condition is

o J J o _ N T _
%lm ht[-YIYt+T - Y2(Dt+T * Nt+T Nt+T-1)]° = 0. (45)

In a tinite horizon world, the firm would be tempted to meet entire final

period demand out of its negative inventory stock since it would accept

payment today but never deliver the goods and never incur any inventory

carrying cost. This tendency remains in the infinite horizon problem, but

the transversality condition pPrevents inventories from growing faster than

the rate 1/q.

Tne aggregate Euler equations in the text, (5a,b), are found by

summing (Ad4a,b) across the k firm in the economy using the definitions of

Yt' Nt' ana Rt'

A solution to the two Euler equations requires several steps. First,

solve (5a) for Et§t+i and substitute this into (5b). The resulting

equation is a second order difference equation in E N The solution to

t+i’

the equation is readily obtained by the method of undetermined
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coefficients. Conjecture that ¢the solution will have the form of (7b).
Substitute this into the equation to eliminate terms in EtNt and EtNt+1'
The resulting coefficients can then be equated and scolved for the

coefficients. There are two possible values for = one less than 1 and

Nt
one greater than 1/ag. We choose the stable value since otherwise
aggregate inventories would grow at a rate greater than 1/9. The

transversality condition derived above prevents each firm from following
an inventory accumulation path that grows faster than 1/9, hence the
choice of the stable root is the only choice consistent with the

optimizing strategies of the firms.

. J J
Rather than treating Rt+i and Nt+1

as the choice variables in (41),
we could have chosen Di+i and N€+i as the choice variables in which case
the same firm behavior would have been indicated, but it would have been
clearer that firms choose their relative price to pick an expected level
ct sales which equates expected marginal revenue to expected marginal cost
of proauction even though sales and production are not equal. The second
first-order condition requires equality between the marginal cost of

procduction today plus the expected marginal inventory holaing costs and

the discounted expected marginal cost of producing in the future.
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APPENDIX B
This appendix records the actual values of the reduced form

parameters, the ) coefficients, whose algebraic signs were given in Table

N R s h the reduced form

4, For a typical variable Jt = ft' gr Rge See D,
equation is the following:

To = AgaNear * NagBeoq + A5 Ve * AgWe * ag,Ze (B1)
Coefficients in Nt equation

2 172
= = - - <
Ay Tyq 7 (1/2)0A - (A 4/0) 1, 0 <Ay <1
kNm =0

My = (iyp = mygd (e + 050 <0

Mw = Typ = mygd(mage )+ T3 <O

>0

>
"

Nz = (Tyo = Ty oo

Loetfficients in Yt equation

My F Ty OO
XYm =0
A = (7 - 1,000 + sz) >0

Yv Y2 Y3
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AYW = (TI’YZ - 1TY3)(-Q3¢W1) + TrY3 > O

Mg = (ryp - 1TY3)¢w2 <0

Coefficients in ﬁt equation

>
p2e |
-4
L
=
=4
—
N
<

TrR‘Z("w‘l M ¢w2) <0

Mw © "HZ('“3¢W1) >0

Mz * "Rafuz 7 O

Coefficients in s, equation

t

) 1 8
‘sh T 1T+ a (1 = 7y L =qzg *+ agxqdmgy = apepmygl > 0

xsm:1
1

e ———— - ‘ve -
Ay T T g T Cour e LT gy TRy = adgymy

* ageoTysd +oagleyy + 0501 > 0

-
.3 ) _ .
Asw 5T+ a1‘1 = o1 tlgzg Y o) R T oagigyTyo Y KTy,

+ a‘]¢v1} < O
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o 8
‘sz T T a1['¢w2{(1-e * ey dugy = agdgmys + GKaTyy + apd5) <0

Coefficients in Ht equation

ALV
o

1
hv ~ (1-9)"§2(¢w1 * ¢w2) A

>
]
]
[7]

v

1 >
aw - (7:3)"§2(-°3°w1) * Ay 3O

>
]

NV
o

w2 * st

>
1

1
hz ~ (1-6)“5724’
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