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Abstract: Gamber and Sorensen provide evidence suggesting that the net discount
ratio experienced a level shift in the mean between 1977 arrlJ 1981. If such
a shift occurred, the nonlinearity in the data shows up as a failure to reject
the null hlpothesis that a unit root is present; that is the series is I(1). In
this paper, evidence is presented-the Phillips-Perrotr test and a univariate
version of the Stock-Watson q-test-suggesting that the net discoutrt ratio is
stationary. Hence, the mean is constant. In addition" if one extends the
analysis to include the 1989-93 period, the net discount ratio appears to be
reverting.
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In Haslag, Nieswiadomy, and Slottje (1991) (hereafter, HNS), the authors

provided evidence consistent with the notion that the net discount ratio was a stationary

time-series. Gamber and Sorensen's (1993) comment re-examines this issue, In contrast

to HNS, Gamber and Sorensen claim that the net discount ratio is nonstationary. Using

techniques developed in Balke and Fomby (1991), the nonstationarity reflects a

nonlinearity in the time series; more precisely, a mean shift is identified as having

occurred sometime during the period 1977-81. The upshot of the Gamber-Sorensen

analysis is that HNS substantially underestimated the post-level-shift mean by using the

full-sample mean.

The primary concern Gamber and Sorensen have is that HNS chose to use only

four lasged values of the change in the net discount ratio in augmented Dickey-Fuller

(ADF) specifications. Gamber and Sorensen proceed, selecting the "optimal" lag length

by applying both the Akaike Information Criterion and a procedure seeking the longest

lag specification in which the coefficient is significant. While the lagJength selection

procedure was ad hoc in HNS, the procedures employed in Gamber and Sorensen do not

really address the critical issue. Including extra lags is one way to reduce serial

correlation in the residuals. Since the Dickey-Fuller tests zNsume that errors are not

serially correlated errors, the appropriate lag length is one in which the observed

residuals are not serially correlated.' The procedures employed by Gamber and

Sorensen focus on the trade-off between efficiency and explanatory power. They report,

I See Schwert (1987) and Phillips-Perron (1988) for discussions on the effects of serially
correlated errors on unit-root tests.



but never discuss, their tests for serial correlation. In effect. Gamber and Sorensen's real

concem is presumably that the parzrmeter of interest is imprecisely estimated.

In this article, the econometric evidence is reconsidered in light of the serial

correlation issue. Our evidence focuses on two issues: one is serially correlated errors,

and the other is robustness, using alternative unit-root tests. In one sense, the results in

HNS are flawed; the ad hoc lag-length specification still suffers from serially correlated

errors. Using lag length specifications in which the errors are not serially correlated, the

ADF test fails to reject the null hlpothesis that a unit root is present. Alternative unit-

root tests, however, strongly reject the unit-root hypothesis: more specifically, the Stock-

Watson (1988) q statistic and the Phillips-Peron (1988) test for unit roots strongly reject

the null that a unit-root is present.r Based on such mixed evidence, we ca lot reject the

hypothesis of nonstationarity.

In additioq when one includes data over the 1989-93 period, the net discount

ratio has been rising and is now nearly identical to the fuIl-sample mean. In light of the

evidence from the last four years, Gamber and Sorensen's conclusion that a mean shift in

the net discount ratio occurred seems less compelling. Thus, the evidence still suggests

that the net discount ratio is stationary and has not experienced a (permanent) mean

shift. Thus, the interpretations made in HNS are still appropriate,

2 Schwert (1989) uses Monte Carlo analysis to examine the usefulness of various unit-root
tests when a moving-average component is present. The Phillips-Perron test tends to frequently
identi$r unit roots in stationary series when the moving-average term is large. For the net
discount ratio, the moving-average component appears to be small,



The Evidence

Table I reports the results obtained from augmented Dickey-Fuller specifications,

The general form of the test is to estimate a regression of the form:

n
A4=a+b)q . r+X q  Ax ,o  +  u , ,

i=1
(1)

where A is the difference operator, x = (1+g )/( 1+r) is the net discount ratio with g as

the growth rate of real wages and r the (ex post) real interest rate, u is the error tenn,

and a, b, and c are parameters. The equations reported in Table 1 differ only by the

number of lagged values, n" in equation (1). The by-now familiar test-statistic is

calculated under the null hypothesis that b = 0; that is, a unit root is presenl

As in the HNS article, the sample period is 1964-1989, The results are reported

only for the tlree-month Treasury bill, The results for the six-month, one-year and

three-year notes are qualitatively similar and avialable from the authors upon request.

The results in Table 1 indicate that one can reject the null hypothesis that b = 0

when only four lagged values of Ax are included in the specification.3 However, the third

column in Table 1 reports the Breusch-Godfrey statistic calculated under the null that

the u's are not serially correlated. According to the Breusch-Godfrey statistic, the

residuals are serially correlated. Thus, the evidence suggests that the residuals are

serially correlated in the regression with only four lagged values of Ax, casting doubt on

3It should be noted that these results differ somewhat from those presented in HNS. One
reason is that the CPI was re-benchmarked since we initially conducted our analysis.



the validity of the inference. Indeed, when one includes more lags (10, 12 or 17), the

evidence suggesting serial correlation fades, but a unit root is suggested. Thus far, the

evidence concurs with Gamber and Sorensen's findings.

Our next question is to consider additional tests for unit roots. The low power of

the ADF test is demonstrated in DeJong Nankervis, Savin and Whiteman (1992) and is

chiefly responsible for the proliferation of unit-root tests. Specifically, the tests proposed

by Stock and Watson and Phillips and Perron are employed. The test results for the

1964-89 period are reported in the.top half ofTable 2. At each lag length, both the

Stock-Watson q and Phillips-Perron statistics strongly reject the notion that a unit root is

present in the net discount ratio, contradicting the augmented Dickey-Fuller results.

In addition, Figure 1 plots the net discount ratio over the L964t4 - 1993:5 period.

Gamber and Sorensen argue that the mean net discount ratio shifted, and consequently,

that using the full-sample is inappropriate. Since 1989, Figure 1 shows that the net

discount ratio has been rising and now appears close to the average level that existed in

the pre-1980 sample. This figure suggests that a single, sample-wide mean is appropriate

and is corroborated by the the unit-root test results,

Gamber and Sorensen make an important point in one other sense, What is the

"optimal" forecast of the net discount ratio? The evidence does not suggest that a

permanent shift in the mean occurred. However, the first two coefficients for the

autocorrelation function are 0.90 and 0.82, suggesting that there is substantial persistence

in the net discount ratio. While the evidence supports the notion that the net discount

ratio is stationary, an "optimal" forecast would take the persistence into account.

^



Summary and Conclusion

Gamber and Sorensen raise an important issue in the unit-root literature and

apply their question to the issue of whether the net discount ratio is stationary. As tbey

demonstrate, the specification of lag lengths in the augmented Dickey-Fuller regression

can be important. The appopriate guide should be that the residuals from the regression

are not serially correlated. In HNS, four lags were used. The evidence, however,

suggests that this ad hoc lag length selection was too short to satis! not-serially-

correlated errors criterion, Based only on the augmented Dickey-Fuller tests, longer lag

lengtrs would lead one to not reiect the hypothesis that a unit root is present in the net

discount ratio. In this article, however, t'wo additional pieces of evidence are considered.

First, other udt-root tests strongly reject the presence of a unit root. Second, plotting

the data reveals that the net discount ratio has been risiug over the last several years and

is approximately equal to the full-sample mean initially reported in HNS. This

additional evidence leads one to conclude that significant nonlinearities are trot present

in the net discount ratio and that the variable can be represented as a stationary time

series.

The Gamber-Sorensen comment raises an important, heretofore unresolved,

methodological issue, Plotting the time series is useful, but temporary trends can show

up as nonlinearities in the time-series representations. In short, there is an inherent



danger in identiffing a recent experience as a pennanent shift in the time series,' Such

an identification mearu that the series is subject to permanent shocks in the future.

Clearln tle series might revert, making such an identification wrong. In the case of the

net discount ratio, the series has some persistence and can (temporarily) deviate from its

mean for periods long-enough to appear to have elperienced a pennanent shifl Indeed,

an "optimal" forecast of. the net discount ratio should take this persistence into account.

Overall, we maintain that the additional evidence supports the original conclusion

presented in HNS: the net discount ratio is a stationary series.

' Christiano and Eichenbaum (1990) argue that the most important feature of a
nonstationary series is that the forecast error variance is infinitely large as the forecast horizon
becomes infinitely long.
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Table I

Results frorn Augmented Dickey-Fuller
Unit-Root on the Net Discount Ratio

Number
of lags

4

10

12

17

Unit-Root
Test Statistic

-3.49"

-2.35

-2.23

-2.53

Serial Correlation
Test Statistic

3.01"

o.72

0.13

0.01

Irgend: rr indicates that the test statistic is significant at the SVo level.



Table 2

Results from Alternative Unit-Root Tests

1964 - 1989 Sample:

Number
of lags

10

L2

17

1964 - 1993 Sample:

10

12

l7

Stock-
Watson

47.32"

-47.02"

44.98-

48.08"

-48.23'

46.89'

Phillips-
Perron

41.93"

-45.06-

-51.43'

-43.86-

-47.35'

-54.63-

Legend: r' indicates that the test statistic is significant at the SVo level.

Note that the 5To critical value for the q-statistic is -77.9 and the Phillips-Perron (T(p-l)
test is -21.8.



9x<
r)

o90-o

Id3aIl'3I3

oo-

q
€

E
q

 
q

8
4

q
3

E
ci 

ci 
ct 

ct 
ct

^
>

\
.:{ =
O

F
n

6R
.;

- g
s

E
?

$
o

:e



RESEARCTI PAPERS OF THE RESEARCH DEPARTMENT
FEDERAL RESERVE BANK OF DALI-AS

Available, at no chargg from the Research Department
Federal Reserve Bank of Dallas. P.O. Box 655906

Dallas, Texas 75265-59M

9?.0L Are Deep Recessions Followed by Strong Recoveries? (Maxk A" Wynne and
Nathan S. Balke)

9202 T\e Case of the "Missing M2" (John V. Duca)

9203 knmigrant Linls to the Home Country: Implications for Trade, Welfare and
Factor Rewards (David M. Gould)

9204 Does Aggre9ate Output Have a Unit Root? (Mark.d Wynne)

9205 Inflation and lts Variability: A Note (Kenneth M. Emery)

9206 Budget Constrained Frontier Measures of Fiscal Equality and Efficiency in
Schooling (Shawna Grosskopf, Kathy Hayes, Lori Taylor, William Weber)

9207 T\e Effects of Credit Availability, Nonbank Competition, and Tax Reform on
Bank Consumer l-ending (John V. Duca and Bonnie Garrett)

9208 On the Future Erosion of the North American Free Trade Agreement (William
C. Gruben)

9209 Threshold Cointegration (Nathan S. Balke and Thomas B. Fomby)

9210 Cointegration and Tests of a Classical Model of Inflation in Argentina" Bolivia,
Brazil, Mexico, and Peru (Rarll Anibal Feliz and John H. Welch)

9211 Nominal Feedback Rules for Monetary Policy: Some Comments (Evan F.
Koenig)

9212 Tl,e Analysis of Fiscal Policy in Neoclassical Models' (Mark Wynne)

9213 Measuring the Value of School auality (t ori Taylor)

92L4 Forccasting Turning Points: Is a Two-State Characterization of the Business
Clcle Appropriate? (Kenneth M. Emery & Evan F. Koenig)

92L5 Energr Security: A Comparison of Protectionist Policies (Mine I( Yiicel and
Carol Dahl)



921.6 Aa. Analysis of the Impact of Two Fiscal Policies on the Behavior of a
Dynamic Asset Market (Gregory W Huffman)

9301 Human Capital Externalities, Trade, and Economic Growth
(David Gould and Roy J. Ruffin)

9302 The New Face of Iatin America: Financial Flows, Marketq and fustitutions in the
1990s (John Welch)

9303 A General Two Sector Model of Endogenous Growth with Human and
Physical Capital (Eric Bond, Ping Wang, and Chong I( Yip)

9304 The Political Economy of School Reform (S. Grosskopf, I( Hayes, L Taylor,
and W. Weber)

9305 Money, Output, and Income Velocity (Theodore Palivos and Ping Wang)

9306 Comtructing an Alternative Measure of Changes in Reserve Requirement
Ratios (Joseph H. Haslag and Scott E. Hein)

9307 Money Demand and Relative Prices During Episodes of Hyperinflation
(Ellis W. Tallman and Ping Wang)

9308 On Quantity Theory Restrictions and the Signalling Value of tle Money
Multiplier (Joseph Haslag)

9309 The Algebra of Price Stability (Nathan S. Balke and Kenneth M. Emery)

9310 Does It Matter How Monetary Policy is Implemented? (Joseph H, Haslag and
Scott E. Hein)

9311 Real Effects of Money and WeUare Costs of Inflation in an Endogenously
Growing Economy vrith Trrnsactions Costs (Ping Wang and Chong K Yip)

9312 Borrowing Constraints, Household Debt, and Racial Discrimination in Loan
Markets (John V. Duca and Stuart Rosenthal)

9373 Default Rislq Dollarization, and Currency Substitution in Mexico
(William Gruben and John Welch)

9314 Technological Unemploymetrt (W. Mchael Cox)

9315 Output, Inflatioq and Stabilization in a Small Open Economy: Evidence From
Mexico (Jobn H. Rogers and Ping Wang)



9316 Price Stabilization, Output Stabilization and Coordinated Monetary Policy Actions
(Joseph H. Haslag)

9317 An Alternative Neo-Classical Growth Model with Closed-Form Decision Rules
(Gregory W. Huffman)

9318 Why the Composite Index of Leading Indicators Doesn't l*ad
(Evan F. Koenig and Kenneth M. Emery)

9319 Allocative Inef6ciency and Local Government: Evidence Rejecting the Tiebout
Hlpothesis (I-ori L. Taylor)

9320 The Output Effects of Government Consumption: A Note (Mark A. Wy*e)

9321 Should Bond Funds be Included in M2? (John V. Duca)

9322 Recessions and Recoveries in Real Business C.lcle Models: Do Real Business
Clcle Models Generate Qclical Behavior? (Mark A Wynne)

9323* Retaliation, Liberalization, and Trade Wars: The Political Economy of
Nonstrategic Trade Policy @avid M. Gould and Graeme L. Woodbridge)

93?A A General Two-Sector Model of Endogenous Growth with Human and Physical
Capital: Balanced Growth and Transitional Dynamia (Eric W. Bond, Ping Wang
and Chong I( Yip)

9325 Growth and Equity with Endogenous Human Capitat Taiwan's Economic Miracle
Revisited (Maw-Lin Ire, Ben-Chieh Liu, and Ping Wang)

9326 Clearingbouse Banks and Banlnote Over-issue (Scott Freeman)

9327 C.aal, Natural Gas and Oil Markets after World War II: What s Old, What's
New? (Mine tC Yiicel and Shenryi Guo)

9328 On the Optimality of Interest-Bearing Reserves in Economies of Overlapping
Generations (Scott Freeman and Joseph Haslag)

9329' Retaliation, Uberalizatiorl and Trade Wars: The Political Economy of
Nonstrategic Trade Policy (David M. Gould and Graeme L Woodbridge)
Reprint of9323

9330 On tle E<istence of Nonoptimal Equilibria in Dynamic Stochastic Economies
(Jeremy Greenwood and Gregory W. Huffinan)

9331 The Credibility and Performance of Unilateral Target Zones: A Comparison of
the Mexican and Chilean Cases (Raul A Feliz and Jobn H. Welch)



9332 Endogenous Growth and Internationat Trade (Roy J. Ruffrn)

9333 Wealth Effects, Heterogeneity and Dynamic Fiscal policy (Zsolt Becsi)

9334 The Inefficiency of Seigniorage from Required Reserves (Scott Freeman)

9335 Problems of resting Fiscal solvency in High rnllation Economies: Evidence
from Argentin4'Brazil, and Mexico (John H. Welch)

9336 Income Taxes as Reciprocal rarifB (w. Michael cox, David M. Gould, and Roy
J. Ruffin)

9337 Assessing tle Economic cost of unilateral oil conservation (stephen p,A- Brown
and Hillard G. Huntington)

9338 Exchange Rate Uncertainty and Economic Growth in l^atin America (Darryl
Mcleod and John H. Welch)

9339 Searching for a Stable M2-Demand Equation (Evan F. Koenig)

9340 A Suwey of Measurement Biases in price Indexes (Mark A Wynne and Fiona
Sigalla)

934L Are Net Discount Rates stationary?: some Further Evidence (Joseph H. Haslag
Michael Nieswiadomy, and D. J. Slottje)




