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Inflation Uncertéiﬂty and the Disappearance
of Financial Markets:
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Victoria Jo Miller**

The following paper looks at the effect of very high levels of inflation
uncertainty on the length of the tetm structure. A general equilibrium
model is presented which shows how markets for assets at the long end of
the term structure disappears as inflation uncerrainty becomes very great.
The negative relationship between inflation uncertainty and asset length
is illustrated using the market for Mexican treasury bills as an example.

I. Introduction

As inflation uncertainty increases, the length of contracts with fixed
nominal terms shortens. This issue has received much attention in the
labour literature for wage contracts. Gray (1978) shows that when the
degree of wage indexation is optimal,? contract length is inversely related
to the amount of uncertainty in the system (i.e. monetary variability) and
positively related to the cost of re-contracting. Canzoneri (1980) derives a
similar result in a set-up where risk averse labour unions impose labout
contracts on competitive firms. In that model, firms choose the length of
labous contracts in such a way that balances the costs of recontracting with
the *'premium’’ that they must pay to workers for the greater real wage
uncernainty assumed from longer contracts. Finally, Christofides and
Wilton(1983) show for the Canadian ecoriomy, that the length of labour

* The author wishes to thank Luc Vallée, Rudiger Dornbusch, Jeffrey Wooldridge and
Alejandro Reynoso.
** Professor, Department of Economics, Concordia University, Montreal, Canada.

1 The degree of oprimal wage indexarion was derived in an eatlier paper {Gray (1978)) and
shown to be less than complete and greater than zero.
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contracts depends inversely on inflation uncertainty,

The negative correlation between inflation uneerrainty and contrace
length is not restricted to labour markets. Financial markets also exhibit
this shortening of contract length when inflation uncertainty becomes very
great. The German hyperinflation provides the clearest example of this
phenomenon. Assets at the long end of the term structure stmply dis-
appeared as inflation uncertainty became very great, Indeed, in the midst
of that hyperinflation, the longest asset traded with a fixed nominal
return was an over-night deposit.?

While much has been said about the effect of inflarion uncertainty on
the slope of the term structure (Fama (1976), Brealey & Schacfer (1977),
and Miller (1989)), very little has been said about the effect of inflation
uncertainty on the length of the term structuse. In this paper we present a
simple general equilibrium model which illustrates how the maturity of
financial assets with nominally fixed returns shrinks as inflation uncertain-
ty increases. To phrase it differently, we show that as inflation uncertainty
becomes very large, the market for assets at the long end of the term struc-
ture disappears. We also illustrate the negative relationship between infla-
tion uncertainty and contract length using the example of the market for
Mexcian Treasury Certificates.

This paper proceeds in five pares. In section 1 we present the model
which illustrates how the market for assets at the long end of the term
structure disappears as inflation uncertainty becomes too great. We also
show that maturity is positively related to the cost of refinancing. In sec-
tion 2 we relate this model to the Mexican Treasury bill market (CETES)
experience from 1986 until present. There we will outline the events
which contributed to uncertainty and argue that the percentage of new
Treasury bills issued in the form of the longer term asset fell as uncertainty
increased. In section 3 we proxy inflation uncertainty to illustrate the in-
verse relationship between it and contract length. We propose a direction
for further research in section 4. Finally in section 5 we conclude.

1I. The Model
In this section we present a simple two-period general equilibrium

model which illustrates how the market for assets with long marturities and
fixed nominal rerurns shrinks as inflation uncertainty increases. The

2 Orher counrries such as Israel and to a lesser extent Brazil, partially avoided the problem
of missing markets by indexing their bonds.
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following model is similar to that derived in Brealey & Schaefer (1977)
and extended in Miller (1988).

The notation that we employ follows:

;. 11 the one period forward rate which is locked in at time t on

R,

T

the spot contract which lasts from t+ 1 to t+ 2.

: the spot rate at time ¢ for the spot contract which lasts
from t to t+1.

: the cquilibrium real rate of interest at time t.
: the rate of inflation from -1 to t.

: the proportion of investor i’s portfolio which is invested in
a two-petiod nominally risk-free asset.

: the amount individual i chooses to lend for two petiods
given the real rate of 1.

: the expectation operator conditional upon the informa-
tion available at time t.

: the varjance conditional upon information available at
time t. '

: the information which arrives at time k about the rate of
inflation from t-1 to t.

: the percentage transactions cost of recontracting,

The assumptions that we employ are the following:

A1)

A.2)

A.3)

A.4)
)

The government is risk neutral: has 2 perfectly inelastic de-
mand to botrow a real amount B for two periods; and seeks
to minimize the expected real cost of borrowing.

The one petiod spot rate is equal to a constant ex-ante real
rate of interest plus the rate of inflation cxpected to prevajl
over the period to which the spot contract applies,

The only securities in the cconomy are one and two-period
assets that have fixed nominal interest rates.

Markets are perfect and competitive.

All individuals are risk averse and seek to mximize expected
udility. Expected utility is defined to be a function of the
mean and variance of the real return on' the portfolio at the
end of the second market period.3

3 Since the only source of uncertainty in our model is inflation uncertainty, there is an
issue of asymmetrie information. This is because the government can determine the ourcome
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A.6) Investors have homogeneous probability belicfs about infla-
tion and their forecasts of inflation are unbiased and effi-
cient.

A.7) Inflation has positive autocorrelation.

Since the government has a perfectly inelastic real demand for funds
{A.1), the equilibrium real rate of interest is completely supply determin-
ed and fixed for the two periods in which the government borrows. The
spot rate of interest is then equal to the supply determined real rate plus
expectations of inflation (A.2). Assumptions A.3 and A.4 are self ex-
planatory. Assumption A.5 allows us to abstract from the issue of timing
preferences. Given A6, inflation from t-1 to t can be written as the sum
of passed innovations:

™, = 5+ By ()

=&+ 18+ By ()

N T A T

Unbiasedness tells us that E(,_¢,) = 0 for all k, and efficiency implies that
COV(, 4 1.5 =0 for all k and }.

We assume stationarity in the sense that the covariance between infor-
mation at time t about the realization of inflation in two different periods
hence, depends solely upon the difference between the periods to which
this information tefers. That is:

COV(e,p 4, 1504 ) =COV(ec s g, &+ )>0, forall s, t, i, k.

A.7 implies that a higher than expected inflation rate causes expectations
of inflation for all future periods to be revised upwards. Therefore the
above covariances are positive.

Transforming the process of information about inflation so that the
innovations have a constant variance, we have:

=+ 0 15+ 6, sl + Oy sl

of inflation. Assuming the investor to be risk averse and the government o be risk necutral,
we effectively introdice this asymmetry into our model. As we will see, the government will
have to pay the lender for inflation uncertainty which is similar to the outcome thar we
would expect from a model of asymmetric information.



INFLATION AND FINANCIAL MARKET 135

where

Var(,f,) = Var(,_, L) = ... = Varl, ;)= o
O, = Sd(:—éf-t)"cza O, 4= 1-£%

Finally we dt?note th(? cor.relation coe_fﬁcier'lt' between . , and 2, 4/ as
P4~ Assumption A.7 implies that B4/ 1s positive,

To solve for the equilibrium percentage of Ioans in the form of the
two-pertod bond, we begin with the investor’s problem. This will enable
us to define a relationship between the supply of these loans and the risk
premium. Then given this supply relation, the government chooses the
premium (forward rate) that minimizes the real cost of botrowing.

We begin with the investor’s protfolio decision. Given a real rate f, in-
vestor i decides to lend an amount B; for two periods. Investor i then
decides how much of B; to lend in two one-petiod installments, and how
much to lend in one two-period installment. We refer to the first alter-
native as the *‘roiling’’ alternative and the second as the two-period asset.
Suppose that the proportion of the portfolio that investor i devotes to the
“rolling™ alternative is (1-x,); x; is then dedicated to the two-period asset.
Investor i’s nominal wealth at the end of the second market period is
then;

(t.1 B (1-x}(1+ R;+R,, )+ %1+ F +Ri)]-

Substracting the relevant inflation rates from (1.1) yields investor i’s real
wealth at the end of the second market petiod {(1.2):

(1-2) Bz'[(l_xz')(l +Rf+Rt+ 1% 17Ty 2)
+x{1+,F  + Rm, . |
The real return is then:
(1.3} (1= IR+ R, T 1T ) +X5(F g+ Remyy 1-m00)
This reduces to:
R+ Ry o 17y 14 ) +X(E,, 1R, 5)

=2r+E,(m,, DT+ E  i(m, 2Ty, 2
+%; [F o —1-E;, 17, 2)]
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Given the above assumptions, investor i chooses X; 5o as to maximize the
following utility function:

e

max E,(real rerurn) - T'Vt(real rerurn)

whetre

E,(real return) = 2r = 2r+x; [[F, —r-F,(m,, 5)]

V,(teal return) = 20% + %077 + 28,557

Taking the derivative with respect to x; and setting the quantity equal to
zero vields invstor i’s proportional supply function of the two-period
asset:

(1.4) %= (F,. ~E,®R,, ))/025"\, - eg1/8y

Multiplying x; by the total amount individual i is going to lend, ag-
gregating over all investors and dividing by the total supply of loans yields
X, the aggregate proportion of loans supplied in the form of the two-
period asset:

(1.5 X=(F -ER,, 1)/0:5%, e/t

or
{1.6) tFr+1‘E;(R:+1)=X912021m+90191"21m
Where 1/}, = E(B;/A,)/ ZB; and 0<X = X(xB)/3B; <1

(1.5) shows that X is an increasing function of the risk premium and 2
decreasing function of inflation uncertainty. This relationship is
fllustrated in fugure 1. The porportion of loans in the form of the two-
period asset is measured along the vertical axis. The horizontal axis
measures the size of the expected premium. AB denotes the proportional
supply curve and is drawn for a given level of inflation uncertainty. Since
X must be positive, only that part of the AB schedule which lics above the
horizontal axis is feasible. As we can see, for a given level of uncertainty,
the percentage of loans in the form of the two-period asset increases with
the risk premium. An increase in uncertainty causes AB to rotate clockwise
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Figure 1

4
]

i
Fisa1—E(Rywq)

(to AC for example). This rotation shows that for a given X, lenders re-
quire greater compensation for greater inflation uncertainty.

The proportional supply cutve also shows that X is decreasing in Pot-
An increase in gy; causes AB to shift down. This means that the more one
period’s inflation rate reveals about the next period’s rate, the better off
an investor is in the rolling alternative. This is because in the rolling alter-
native, an investor can use new information to update expectations of in-
flation and hence obtain a fair return through the Fisher equation. This
explains the vertical intercept in figure 1. Since X must be positive, an in-
crease ©, decreases the proportion of loans which take the two-period
form. That is, the larger new innovations to the inflation process may be,
the more inclined an investor is to lend by rolling over two one-period
assets. Finally, since there is only uncertainty about inflation, the higher is
the cocfficient of risk aversion, the less lenders will be inclined to purchase
the two-period asset.

We now turn to the government’s problem. The government seeks to
minimize the real expected cost of borrowing for the two periods which
begin at time t. It faces the following tradeoff: For a given real of inflation
uncertainty, the government must offer a higher premium to obtain a
targer X (This is the relationship defined by the proportional supply
curve). However, the more the government borrows in the form of the
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two-period asset, the smaller is the total transactions cost that it must pay
to refinance in the rolling alternative, Thus the cost minimizing X is that
which sets the marginal cost of borrowing in the form of the two-period
asset just equal to the marginal cost of botrowing in the form of the roll-
ing alternative (the transactions cost). If the government takes the
premium as given, the cost minimizing X will be that at which the
premium is equal to the transactions cost. This case is illustrated in figure
1. The verticai line labelled TT represents the refinancing cost. The point
at which the AB line intersects the transacrions cost line, determines the
cost minimizing X for a government which is a price taker. An increase in
inflation uncertainty causes the AB line to rotate clockwise. As we can see
an increase in uncertainey results in a smaller proportion of loans in the
form of the two-period asset. If uncertainy becomes very large, AD, then
the two-period asset disappears and the term structure shrinks. An in-
crease in the transactions cost will cause the TT schedule to shift to the
right and a larger percentage of the government’s borrowing will be done
through issuing two-period assets.

The results do not change significantly for the case in which the
government is a price ‘‘maker’’ (i.e. relaxing assumption A.4). The only
difference is that the government’s marginal cost is given by (1.7) rather
than constant and given.

(17) MC= P{-’lelcz)\m + 2)\”291202}(

The problem for a price making government follows. The government
can choose either the forward rate, ,F, , ; or the proportion of loans in the
two-period asset, X. Choosing one of these variables necessarily determines
the other, through the aggregate investor proportional supply function.
All other variables are predetermined. The real cost of borrowing is given
by:

(1-X) [R,+ Ry +T-my, -7, 5} +X [+ Rem -7 00)
[R,+Ryp +T-mp, -7, 2] +X [F o 1-Rey Tl

The real expected cost of borrowing is then
[R,+ E,R, )+ T-Ey(m,, )-E/(m;, )] + X [[F, -E(R,, 1-T1

or

(1.8) 2r+ T+ X B =1-Eflm; 2)_T]
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Substituting (1.5) into (1.8) for X and having the government choose the
forward rate (which determines the premium), the government faces the
following problem:

min [2r+ T+ (tFt*l_E’(sz* 1) 8y ) (Fs o1 t-Eylm 1 1)-T)]
IFZ‘+1 61 GZ}\’”

Taking the derivative of the above expression with respect to the forward

rate and setting it equal to zero yields the equilibrium forward rate:

(9016102)‘7” +T)

Fr1=ER )+ 2

The second derivative is positive ensuring us that we have 2 mmimum.
Now substituting the equilibrium forward rate into (1.5) we can find the
equilibtium proportion of loans in the form of the two-period asset:

_ (81572 + 1) oon

Xi
29] Zﬂzlm 61

T Pot

28260, 20

This is exactly the X* that results from setting the marginal cost (1.7)
equal to the transactions cost.

Comparative statics on X* confirms our intuition:

i) dX*/de?<0
i) dX*1dT>0

i) shows that the equilibrium proportion of the total market value ac-
counted for by the two-period asset falls as inflation uncertainty increases.
Indeed as inflation uncertainty becomes too great, the two-period asset
disappears. ii) shows that the proportion of borrowing in the form of the
two-period asset increases with the transactions cost.
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M. The Mexican Treasury Bill Market and Mexican Uncerrainty

Figure 2 shows the percentage of new one- and three-month Mexican
Certificates of the Federal Treasury (CETES) issued each month that are
three month bills. The period covered is from January of 1986 until
February of 1989 (1986:1-1989:2). Longer maturity CETES did exist
before this time but that matket disappeared as inflation uncertainty
became too great. The government also began to issue shorter maturity
CETES in December of 1987. However those assets account for a very
small proportion of the total Treasury certificate market value and so we
disregard them here. Therefore we only consider CETES issued of the one-
or three-month variety.

Figure 2 is broken up inte two regions. Fach region represents a dif-
ferent issuing. policy for CETES. From the first auctions of CETES in Oc-
tober of 1982,% until September of 1985, the Government fixed the quan-
tity of CETES to be auctioned and let the market determine the rate. In
September of 1985 the Ministry of Finance changed this operating policy.
Instead of fixing the quantity, the government began to fix the rate and
let the market determine the quantity sold. This change in policy came
about because financial disintermediation gave way to monopsonization
of the bid market and the government responded to the lack of competi-
tion. As this policy was not a very successful one, the government reverted
to its original operating policy on July 10, 1986 with the amendment that
it could reduce the quantity of CETES for sale if it feft that yields were too
high. Indeed no three month CETES were issued from July 10 until the
end of September in 1986 for preciscly this reason.

To understand the uncertainty in the Mexican economy from January
of 1986 until present, we provide a brief history of the factots which con-
tributed to it. From 1950 until 1974 the Mexican economy was charac-
terized by low inflation, high growth and a moderate external debt. In
the carly seventies part of this high growth was due to an expansionary
fiscal policy.” However because the increased government expenditures
were not met by an increase in revenues, inflation and external borrowing
was used to finance the deficit. This financing scheme resulted in a

4 CETES were first issued in January of 1978. This was the first time thar the central hank
was able to perform open market operations and they were created for precisely this reason.
Like U.8. Treasury bills they are obligations of the Treasury. However, unlike our T-bills,
CETES can be used by commercial banks to satisly reserve requirements even though they
are not liabilities of the central bank.

5 These increased expenditutes continued until they had to be reduced in 1982.

6 Thesc deficits had to be financed externally because a decrease in real interest rates caus-
ed a decline in the quantity of savings supplied.



INFLATION AND FINANCIAL MARKET 141

Figure 2
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sizable devaluation in 1976.

Major 0il discoveties in the late seventies along with an increase in
world oil prices, prevented the devaluation from weighing heavily on the
economy. Thereafter Mexico became increasingly dependent on its oil
revenues. This in addition to a continued expansionary fiscal policy and
an overvalued currency made Mexico extremely vulnerable to the shocks
which began the eighties.” Consequently the economy becamne increasing-
ly unstable, devaluation became inevitable® and so inflation soared to
100%.

The de la Madrid administration which began its sexennic® in
December of 1982, instituted a comprehensive three-year stabilization
plan.!® This program was very successful for the first two years.!! However,

7 In the beginning of the eighties world interest rare and hence debt payments increased; a
world recession fed to a reduced demand for Mexico's exporrs; and the price of oil started its
downrutn. In addition a negative real interest rate on Mexican deposits combined with the
ovetvalued cutrency to produce capital flight.

8 The peso was devalued 69% in February of 1982.

2 A “sexennio’ is a six-yeat presidential term.

10 1n December the peso was devalued 112%.
11 This plan called for a struetural reform of public finances, 2 moderate wage policy, 2
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towards the end of 1984 a rebound in domestic demand'? and a slight in-
crease in government expenditures gave way to new inflationary pressures.
In addition, a loss of external competitiveness along with a capital account
deficit led to a deterioration of the balance of payments,'? a loss of inter-
national reserves and consequently renewed pressure on the exchange rate.
As a result, 2 new set of adjustment measures was adopted in the early
part of 1985, and then further measures were instituted later that vear. '
These measures incladed a more rapid depreciation of the peso which
added inertia to the inflation process.

The sharp decline in oil prices in February of 1986, led to a modifica-
tiont of the economic plan for that year. Then in June the government an-
nounced the “'Program for Recovery and Growth'” (PAC). The main ob-
jective of PAC was economic growth in a framework of financial stability.
In exchange for monetaty and fiscal austerity, the plan called for a con-
certed financing effort from Mexico’s creditors. In addition, the plan con-
tinued the trade reforms which had already begun and instituted a more
rapid daily depreciation of the controlled exchange rate to avoid the
depletion of international reserves.’® Figure 2 shows a fall in the percen-
tage of the three month CETES in June and July of 1986.17 Presumably
the announcement of the PAC signalled a change in regime and hence an
increase in inflation uncertainty. We will see in section 3 that inflation
uncertainty does exhibit an increase at this time.

From August of 1986 untl September of 1987, the Mexican economy
was relatively calm.!® However after October, uncertainty increased and
the percentage of CETES issued of the three-month variety fell after this
time. In October the Mexican stock martket crashed, The crash along with
a temporary opportunity fot private debt buy backs'® led to a flight from

tight money policy, flexible exchange rare and interest rate policies and the lberalization of
trade and exchange controls. The immediate objectives of chis program were to reduce infla-
tion and to strengthen public finances and the balance of payments.

12 This was a response to the improved economic conditions.

13 Which was partially due to a drop in oil prices.

14 The set of adjustment measures included: 1) the cancellation of all public sector vacan-
cies and a sizable reduction in the number of public sector employees, 2) 2 large increase in
domestic interest rares: and 3) a special issue of monetary bonds to absorb excess liquidiry.
15 The further measures included a eight money and credit policy, trade [iberalization and 2
mofe zctive exchange rate policy. We remark that the tight stance on credic combined with
the lack of external credit strained the credit markets. This gave way to faster depreciation of
the peso, higher interest rates and thetefore mote inflation.

16 Which had been falling since Match.

17 We cannot make comparisons over times of different auctioning policies for CETES.
18 Also the price of oil inereases from its low in 1986:7 unsil 1987:7.

19 This evolved from the 1987 debt rescheduling.
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the peso and hence a devaluation in November.?® This devaluation no
doubt fuelled expectations of futare inflation and exchange rate devalua-
uons.

On December 1, the Pacto de Solidaridad Economica began. Initially
intended to expire in December of 1988, the Pacto was extended on
November 15 to July of 1989. The Pacto is a stabilizarion plan with the
objective of slowly reducing inflation rather than bringing it immediately
to zero,?-?2 Under the plan, the government controls the path of prices.
Each month the government announces an expected inflation rate which
is smaller than the rate announced for the previous month.?* Existing Pac-
to terms were modified on the first day of March, April, June, and
September. Approximately two weeks before each of these dates, a
meeting was held to decide what the new terms would be. These new
terms were announced about one week before they took effect. Thus since
the public could never completely anticipate what the new Pacto ar-
rangements were going to be, there was always uncerrainty for the one w
three weeks preceding the beginning of a new arrangement. This explains
(in part}) the low percentage of three-month CETES issued over this
period.

In addition to the economic events outlined above, the presidential
election of 1988 also constituted a source of uncertainty. In Qctober of
1987, Carlos Salinas de Gortari was nominated as the candidate for the
Partito Revolucionario Institucional (PRI} and on July 6, 1988 he was
elected president. Usually there is a drop in uncertainty before these elec-
tions and an increase after. This is because existing presidents want their
parties to be re-elected and so few unanticipated events ever occur before
an election. However, after an election, an existing president no longer
has an incentive to maintain a reputation, and so uncertainty increases. In
figure 2 we see that the CETES market exhibits less uncereainty before
July of 1988 than between July and December 1, when Salinas took office
(the percentage of three month CETES is higher before than after). Yet
we would expect a distinct drop in the percentage of new three-months
CETES issued after March. For after this time, new three month bills ex-
pired beyond the election and hence during the period of greatest uncer-
tainty. The small quantity of three month CETES before March suggests

20 The devaluation shows up in our dataset in December.

21 Inflation had reached 160% per yeat at this time.

22 In addition, the Pacto was intended to keep the market free of the influence of the up-
corning election.

23 Initially these announcements were o cecur every month but eventually they were ex-
tended to every three months.
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that speculators chose to remain highly liquid 2s a precaution to an ex-
pected devaluation. In the event of an expected devaluation, speculators
would want to fly from the peso before a devaluation is realized. Indeed,
although capital began to return to Mexico in March, the loss of reserves
after April suggests that speculators were anticipating a devaluation. We
will return to the issue of capital flight in section 4.

Figure 2 indicates that uncertainty peaked right before Salinas took
office, as the three-month CETES market completely dried up in
November. Then after Salinas stepped into office, the petcentage of long
CETES inceased. This reflects the drop in political uncertainty and the
adoption of a crawling peg in January of 1989.%

IV. Estimation of Inflation Uncertainty

In this sectton we derive proxies for Mexican inflation uncertainty from
January of 1986 until September of 1988.25 We do this to illustrate the
negative relationship between inflation uncertainty and the percentage of
new CETES issued of the three-month variety. We first estimate predicted
inflation. This enables us to estimate the unaiticipated component of in-
flation and hence to proxy uncertainty. Here we model expectations of in-
flation in two ways: Adaptively and structurally (rationally).

If expectations are formed adpatively then the best prediction of infla-
tion is based solely on past information. Since uncertainty is especially
great in 1988 it is difficult to obtain 2 good model of inflation if we in-
clude this year in our sample. Thus we use data from 1983 uniil
November of 1987 to choose the best structural model for inflation. We
then te-estimate this model for each month from 1986:1 until 1988:8,
assuming that agents have a memory of two vears.?® The standard errors
from such a rolling regression provide good proxies of inflation uncertain-
ty. The prediction equation that we found to fit the data best is (3.1):

24 In December, President Salinas de Gortari made a commitment to make Mexico finan-
cially strong. As patt of this commitment the exchange rate was to he depteciated by one
peso cach day starting Janvary 1, 1982 uneil July. The intention of this policy was to further
reduce inflation uncereainty in addition to increasing Mexico’s competitiveness on the world
market.

23 Unfortunarely our daraset only enables estimation of uncertainty until this time.

26 We tried memory sets of 12, 16, 24 and 30 months. (30 months was the tongest memory
that our short data set would allow). We found that the proxy of uncertainty which results
from an infotmation set which contains two years (24 months) of data, is the best ar inverse-
ly explaining the amount of three-months CETES shown in figure 2.
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(3.1) P= ay + 0P + g Wy + oW ) +age | +agd) + oy dy + ot

+aAR | +¢

P and W are price and wage inflation respectively. ¢ is the natural
logarithm of the exchange rate. d; and d, are dummies. d; accounts for
December of every year and d, is one for September in which the
presidential address occurs. Wage increases are announced in September
and take place in December. Thus prices are likely to occur at both times.
tis a time trend and AR is the change in the level of reserves. The results
from estimating this prediction equation for the period 1983:1-1987:11
are presented below (standard etrors are in parenthesis).

P= 117+ .337P_ + .057W_y + .026W , + .032¢ ; +.001d,
(.034) (121) (.012)  (012)  (.008)  (.005)

-~ .011d, - .001t - .004AR_;
(.004) (.0004) (.002)

R?=.797; &=.009

This equation was estimated under the assumption that the etrors are
white noise 2nd have a constant variance. However, if uncertainty changes
over time, as we will show below, then the homoscedasticity assumption
will be violated and the standard errors will be incorrect. The inconsisten-
cy of the standard etrors is irrelevant for prediction purposes. In spite of a
non-constant variance the parameter estimates will still be consistent as
will be the R? and standard error of the regression. We chose our predic-
tion equation (3.1} on the basis of the adjusted R? which is similarly unaf-
fected by heteroscedastic ertors.

In figure 3, we present the standard errors from the rolling regression
from 1986:1 to 1988:8.27 A comparison of figure 3 to figure 2 reveals a
very strong negative relationship between this measure of uncetrainty and
the percentage of new CETES issued of the three-month form. 2 This
uncertainty proxy exhibits a slight increase when the PAC was announced
and a dramatic increase after the maxi-devaluation in 1987:11. The stan-
dard error then grows larger during the first months of the Pacto, falls
slightly before the July election and then increases again in August.

27 ‘The standard error for 1986:1 for example is from the sample 1984:1-1986:1.

28 As the information set is two-years, che implication is that agents take two years to
change their beliefs about uncertainty. The reluctance to immediately modify beliefs about
uncertainty is as we would expect in a situation where governmenr crediblity is a problem.
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Figure 3
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A comparison of figure 2 to figure 3 should convince the reader of the
negative refationship between inflation uncertainty and the percentage of
the new CETES issued in the long asset. However we present the follow-
ing regression to drive the point home:

(32) X= 80 + Blduml + SzdumZ + Bglog(q';z) + g

Here dum1 is a dummy which accounts for the change in the CETES auc-
tioning policy. It is one for the period 1986:1-1986:7. dum?2 equals one
for the months 1986:7-1986:9. It captures the period in which the govern-
ment chose not to issue any CETES because yields were deemed excessive-
ly high. Finally, o,? is our proxy of inflation uncertainty shown in figure
3. The results from running (3.2) are presented below:

X =-.717 + .370dum1-.223dum2-.193log(s’ %)
(.199) (.042) (.051) (.045)
R?=.873,  o=.083
The negative and highly significant coefficient on the uncertainty proxy

indicates that inflation uncertaintly is indeed negatively correlated with
asset length, as we would expect.
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A criticism of the above inflation model is that it may not accurately
capture the expectations of Mexican investors, for Mexicans are more *‘ra-
tional” in forming their beliefs. In an attempt to caprure this rationality,
we impose more structure on the inflation equation. Again, we first iden-
tify the relationship which explains inflation the best. However, unlike
above, we allow variables to have contemporaneous as well as lagged in-
fluences on inflation. Then we estimate structural equations for those
variables which have significant contemporaneous effects on inflation us-
ing only lagged information. Finally, assuming equations to be stable
throughout the sample, we estimate predicted inflation based on the in-
formation available at the time that the prediction is formed znd on the
estimated parameters.

The equation that we found to explain inflation the best is (3.3):
{(3.3) P=a1+a2W+ U3€ + g€ + agdy +agdy Fagt+ 2

All variables are as previously defined. The results from estimating (3.3)
over the stable period (1983:1-1987:11) yields the following:

P=—.181-.066W + .110e-.05%¢_, + 026d,~.009d, .002¢
(.025) (.012) (.050) (.049)  (.005) (.004) (.0003)

R? =798, a=.008

As before the standard errors have not been corrected for heteroscedastici-
ty.

Now since the level of the exchange rate and the percentage change in
wages have a significant contemporaneous effect on inflation, we must
predict these variables. We found the rate of change of the exchange rate
to be best explained by its lagged value, and lags of oil prices and changes
in reserves.?

B4) e=rg+mé +Py +1 AR+
Estimating (3.4) over the stable sample we obtajn:

€ =075+ .396é_;—.0006P,; ,-.01AR_,
(.021)(.155)  (.0002) (.005)

R2= 42

29 We regressed the first difference of the level rather than the level because the exchange
rzte has a unic root. This procedute allows us to idenrify those variables which significanrly
determine the next-period exchange rate besides the exchange rate irseif.
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The next-period expected exchange rate is then:%
Eole, 1) =%+ fe+ TP+ T, AR + ¢

Finally, we assume the following wage setting equation:

(35)  W=py+Bi(w'-w_ )

 denotes the natural logarithm of the real wage and w* is its long-run
equilibrium value. (3.5) defines a relationship in which nominal wages
are adjusted to maintain a long run equilibrium real value. ¥f the real
wage is above (below) its long run equilibrium value then the nominal
wage will be adjusted downwards (upwards). Assuming a constant &* and
including a dummy for December we estimate (3.6):

Estimation of (3.6) over the stable sample yields:

W =—.188—.704e_; + .274d,
(030)(.077)  (.030)

R?=.758
The next-period expected percentage change in the nominal wage is then:

Eq(W, 1) =Bo+PBroo+Bpdy 4y
Finally, our predicted inflation rate has the following form:

Eg(P, ) =& + &;By(W , ) + &:Eqe, ) + dge + & dy , 4

Ad A
+G6 2_+1+a7t

The etror of forecast for time t+ 1 is then P, I—I:EO(P +1}- All parameter
estimates are presented above, are derived using the 1983:1-1987:11 sam-
ple and assumed to be stable.

A two year moving average of the squared forecast errors from this
structural model are presented in figure 4.3' As we may expect, these
results are quite similar to those obtained from the adaptive model (figure

30 The predicred coefficients are those in the above regression.
31 Asin the adaptive model, we found that an information set of two years is best at in-
versely explaining the percentage of new three-month CETES issued.
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Figure 4
Structural Model
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3).3 Estimation of regression (3.2) with the uncertainty proxy developed
above results in the following:33

X =-.444 + 428dum1-.221dum2-.134log(a_,)
(158) (.039)  (054)  (.036)

R? = .859, g=.087

The estimated coefficient on the log of this proxy again indicates the
negative relationship which is the focus of this study: The length (and
quantity) of assets with fixed nominal terms shrinks as inflation uncertain-
"ty increases.

Although the infrequency of our data prevents us from asserting that
our measures of uncertainty exactly capture certain events, out proxies in-

32 It should be no surprise thar the forecast ettots from our adaptive model and rational
model are quite similar. As Benjamin Friedman shows in “‘Rational Expecrations are Really
Adaptive After All,”" unpublished, Harvard, February 1975, rational expecrarions can be
closely approximated by an adaptive expectations mechanism of the kind discussed here.
33 We wake the log of the square root of average of squared forecast errors. We do this to be
consistent with the same regression presented above which used the log of the standard
deviation.
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dicate the following general trend for uncertainty: Uncertainty increased
after the maxi-devaluation in November of 1987 and then remained high
during the first months of the Pacto. Uncertainty then eased slightly
before March when capital returned from abroad and a commitment was
made to peg the exehange rate. In addition, impending Pacto medifica-
tions and the election seem to have also contributed to uncertainty.

Finally, we remark that although the length of our sample does not
enable us to proxy uncertainty up to the point at which the three-month
CETES market actually disappeared (November 1988), it is reasonable
that the political uncertainty which precedes a change of post could alone
explain the disappearance of this market.

V. Suggested Extension

An alternative way to view the disappearance of the long CETES
market is by focusing on exchange rate rather than inflation rate risk. If
there is uncertainty about whether or not a devaluation will be expected
in the near future, then speculators will choose to remain highly liquid so
that they can fly from the domestic currency should the need arise. An ex-
pectation of devaluation will be reflected by an actual flight from the
domestic currency. Therefore, as expectations of devaluation increase we
should expect a drop in the percentage of long domestic assets as
speculators ready themselves for flight from the currency and an increase
in capital flight as those investors who assign a higher probability to
devaluation actually take their capital abroad. This suggests reformulating
the model in section 1 to include exchange risk and foreign assets, and
then estimatng the following seemingly unrelated system:

(4.1) X=38;+ 8 duml+8,dum2+ 8562 +3E(E ;) +e

(4.2) K=Bi+BEE, ) +5

Here K denotes capital flighe, E(¢, ) is an expectation of a devaluation
and o,? denotes exchange risk. All other variables are as previously defin-
ed. Since capital flight will be correlated (negatively) with the percentage
of the CETES market value which is dedicated to the longer asset, the er-
tors too should be correlated. Thus there will be a gain in efficiency by
estimating (4.1) and (4.2) as a system.
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VI. Condlusion

While it is clear that inflation uncertainty is inversely related to con-
tract length, (when contracts have fixed nominal terms) this scemingly ob-
vious finding has received surprisingly little attention in the academic
literature for financial markets. In this paper we developed a simple two-
period general equilibrium model which illustrates this negative relation-
ship for financial assets. We also showed that contract length is positively
related to the transactions cost of refinancing. We then illustrated chis fact
for the Mexican Treasury bill market (CETES). By estimating a proxy for
inflation uncertainty we were able to show that the percentage of CETES
with the longest maturity shrinks as inflation uncertainty increases.
Although our dataset was not long enough to estimate inflation uncer-
tainty upto the point at which this market actually disappeared (November
1988), we were able to argue that the uncerrainty due to a president’s leave
of office could alone explain the disappearance.

Finally we suggested that the disappearance of the long end of the
term structure could be linked to exchange risk and capital flight. We also
proposed a direction for further research atong this line.

Data Appendix and Definition of Variables

All dara are monthly and come from the following sources:
R: Reserves net of gold. Measured in billions of U.S. dollars.
Soutce: International Financial Statistics. International Monetary
Fund. various issues.
P, Producer Price Index of Crude oil. source: Citybase.

The foliowing data is from Banco de Mexico: indicadores Economicos:
e: Nominal exchange rate
P: Mexican price index. 1978 = 100
i: CPP: Intetest rate index.
W: Nomina! wage index. 1978 = 100

Definitions of variables:
é = log(e)-log(e_)
P =log(P)-log(P_)
W = log(W)-log(W_,)
i=1i-i_4
AR =R-R_,
w = log(W/P)
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