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Abstract - This paper discusses time series
methods that can be used to examine the
long run effects of a tax amnesty, and ap-
plies these methods to the 1985 Colorado
amnesty. Several time series models are
estimated: simple ordinary least squares
time trend models, univariate time series
models, and multivariate intervention
models. The empirical results from all
models strongly indicate that the Colo-
rado amnesty had no long run impact on
either the level or the trend of tax collec-
tions. This result suggests that a typical
amnesty seems unlikely to generate sig-
nificant new revenues, but also seems un-
likely to compromise voluntary compli-
ance.

INTRODUCTION

Governments of all kinds have increasingly
turned to tax amnesties as part of their fis-
cal programs. An amnesty typically allows
individuals or firms to pay previously delin-
quent taxes with reduced civil and criminal
penalties (Mikesell, 1986, Federation of Tax
Administrators, 1990). Since 1981, 34
states in the United States have enacted
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some form of tax amnesty, and numerous
local governments have conducted amnes-
ties as well. The American experience is
not an isolated one. Many other countries
have also had recent amnesties.

Governments have enacted an amnesty pri-
marily to generate an immediate, short run
increase in compliance. However, the long
run effect of an amnesty on tax compli-
ance is of perhaps more importance, and
this impact is far from clear. Proponents of
amnesties argue that compliance may ac-
tually increase after an amnesty if the am-
nesty is followed by greater enforcement
efforts and better taxpayer services and if
the amnesty is able to get individuals who
previously did not file tax returns on the
tax rolls. Critics suggest that postamnesty
compliance is far more likely to decline,
since honest taxpayers may view the am-
nesty as an unfair tax break for tax cheats,
individuals may expect another amnesty to
be given in the future, and the mere an-
nouncement of the amnesty may make
taxpayers aware of the widespread pres-
ence—and ease-—of noncompliance. How-
ever, although there is growing work on
the theory and practice of tax amnesties
and although there is accumulating evi-
dence on the pre- and postamnesty reve-
nues of governments, there has been no



empirical investigation of the actual long
run impact of any tax amnesty.'

This paper discusses various types of time
series methods that can be used to exam-
ine the long run effects of an amnesty and
applies these methods to the tax amnesty
that was held in Colorado in the fall of
1985, Monthly data on Colorado individual
income tax revenues are collected for the
period January 1980 through December
1989, and these data are examined to de-
termine whether the amnesty affected the
level or the trend of tax collections. Several
time series models are estimated, in suc-
cessively more general formulations: simple
ordinary least squares time trend models,
univariate time series {autoregressive inte-
grated moving average, or ARIMA) models,
and multivariate ARIMA intervention (or
MARIMA) models. The empirical results
from all models strongly indicate that the
Colorado amnesty had virtually no long run
impact on either the level or the trend of
tax collections, a result likely cdue either to
the small size of the amnesty or to the off-
setting effects of the revenue-increasing
and revenue-decreasing effects of the am-
nesty. Given the similarity of the Colorado
amnesty to those held elsewhere, a typical
amnesty seems unlikely to generate signifi-
cant amounts of new revenues, but it also
seems unlikely to compromise the volun-
tary compliance program of the govern-
ment.

THE COLORADO AMNESTY PROGRAM

The Colorado tax arnnesty was similar to
those in most other states.? The amnesty
was designed as a legislated, one-time op-
portunity for individuals and businesses to
pay any unpaid back taxes without penal-
ties or criminal prosecution. The program
was mandated by House Bill 1188, signed
into law on June 6, 1985, and was sched-
uled for 2 months in 1985, September 15
through November 15. The armnesty pro-
gram was part of a larger Colorado tax
program entitled *'Colorado Fair Share,” an
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on-going program aimed at detecting tax
evasion and promoting voluntary compli-
ance with the tax code.

Taxes eligible under the amnesty included
individual income, corporate income, sales,
use, gross ton mile, special fuel, cigarette,
and liguor taxes; individual income taxes
were by far the largest source of amnesty
revenues, accounting for over 90 percent
of the amnesty revenues. The program was
designed to be as user-friendly as possible.
All Department of Revenue district offices,
located in 10 cities throughout the state,
had specially trained staff who could an-
swer questions about the amnesty program
as well as interpret the tax code. To en-
courage participation, the state allowed in-
stallment payments as a method to pay
taxes and penalties in some cases. Taxpay-
ers who had received notices or billings for
back taxes from the federal Interna!l Reve-
nue Service were eligible for the Colorado
amnesty, but taxpayers who had been no-
tified or had been billed by the Colorado
tax authorities were not allowed to partici-
pate.

The amnesty program was advertised as a
last chance for delinquent taxpayers to
comply with the tax laws before civil and
criminal penalties for noncompliance were
increased. In all, the bill authorizing the
amnesty contained 51 new or increased
penalties.” In addition, personnel and other
resources devoted to tax law enforcement

increased after the amnesty.*

The advertising budget for the amnesty
program was $145,000, and the program
was publicized widely through virtually all
forms of the media, from radio and televi-
sion spots to placards on the sides of
buses. All carried the same message—
"Don’t Say We Didn’t Warn You" —and
cautioned that the amnesty was a one-
time opportunity to clear up any previous
nonpayment problems. The program direc-
tors expected to collect amnesty revenues
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of $5 million; actual collections exceeded
$6.3 million.

TIME SERIES METHODS AND RESULTS

Time series methods are designed to use
the past movements of a variable to fore-
cast its future movements. Unlike models
that predict the future movements of a
variable by relating it to a set of variables
in a causal or structural framework, time
series methods extract predictable move-
ments of a variable from its own past ob-
served data and then use this information
to forecast future movements of the vari-
able. There are several reasons for the use
of the time series approach. The precise
form of a complete structural model may
be difficult to specify.® Further, even if it is
possible to write down a structural madel,
past data may not be avaitable for all
structural variables that are believed to af-
fect the variable of interest; even if such
data are available, estimation of a struc-
tural model might result in such large coef-
ficient standard errors that forecasts aiso
have unacceptably large errors. Future val-
ues of the structural variables may likewise
be difficult to obtain, so that forecasting
may not be feasible. All these reasons ac-
count for the use of time series methods
in the analysis of tax amnesties.

Monthly data are collected for the period
January 1980 through December 1989,
showing the gross individual income tax
collections by the Colorado Department of
Revenue; these data include the amnesty
revenues of $6.3 million over the relevant
period. (Recall that the grace program was
from September 15 through November 15,
1985.) Like most every amnesty held in the
United States, income tax revenue was the
largest source of revenue in the Colorado
amnesty, so gross individual income tax
collections are used as a proxy for all types
of state tax revenue. Monthly individual in-
come tax collections ranged from $43 mil-
lion in January 1980 to $180 million in
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April 1989 and averaged under $100 mil-
lion over this period.

The approach here starts with the simplest
time series method and proceeds to more
general and sophisticated procedures. All
methods give the same result: the Colo-
rado amnesty had no impact on the level
or the trend of tax collections.

Simple Time Trend Analysis

The first and simplest analysis examines the
long run time trend of the time series. A
linear trend model is estimated with the
form Y, = by + b, T, + e,, where Y, repre-
sents individual income tax collections by
month, T, is the numeric representation of
the month (i.e., January 1980 is valued at
one and December 1989 is valued at 120),
e, represents the error term, and b, and b,
are parameters. This equation is estimated
with ordinary least squares methods over
the entire period and over the two subper-
iods before and after the amnesty (or Jan-
uary 1980 through August 1985 and Sep-
tember 1985 through December 1989) to
evaluate any structural change that may
have occurred in tax collections following
the amnesty. The results are in Table 1.

if there was a change in tax collections
over the subperiods before and after the
amnesty, then some statistically significant
change in either the intercept or the slope
parameter should occur over the two sub-
periods of the equation. The Chow (1960)
test for the two subperiods shows that
there is no difference in the two regres-
sions (F-statistic = 0.08). The trend of rev-
enues collected, therefore, did not change
over time.

Additional specifications allow for a sepa-
rate intercept or slope change from the
amnesty. The results for these equations
are also in Table 1. Because the coeffi-
cients on A and A * T, are insignificant,
these results confirm that the amnesty had
no impact on the level or the trend of tax
collections.
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TABLE 1

TIME TREND RESULTS?

Independent Variables

Period Constant T A AT R?

1/80-12/89 56.48* 0.63* -— — 0.48
(13.60) (10.48)

1/80-8/85 55.23* 0.67* - — 0.48
(12.91) (6.22)

9/85-12/89 54.25 0.64 — — 0.1

(2.17) (2.46) .

1/80-12/89 55.53* 0.66* —-3.08 — 0.48
(11.40) (5.68) (-0.38) '

1/80-12/89 55.16* 0.67* -— —0.04 0.48
(10.28) (4.93) (—0.38)

2t-statistics are in parentheses.
*The coefficient is significant at the 0.01 level.

TABLE 2
ARIMA RESULTS?

Independent Variables

Period Constant AR(1) AR(2) SAEIR(12) R?

1/80-12/89 -0.83 -0.89* —-0.57* 1.05* 0.92
(-0.11) (—10.80) {(—6.91) (27.94)

1/80-8/85 —0.64 ~0.81* —0.47* 1.08* 0.91
(-0.10) (-6.32) (-3.71) (16.76)

9/85-12/89 -0.37 ~-0.93* -0.61* \|.03* 0.93
(-0.21) (—8.18) (—5.42) (2’.07)

*The ARIMA process for all three periods is ARIMA(2,1,0)(2,1,0)'? (see Endnote 6). AR(1), AR(2), land SAR(12) denote
first-order autoregressive, second-order autoregressive, and 12-month seasonal autoregressive coefficients, respectively.

t-statistics are in parentheses.
*The coefficient is significant at the 0.01 level.

These equations are also estimated using
the natural logarithmic transfcrmation of
revenues and for the alternative segments
January 1980 to November 1985 and De-
cember 1985 to December 1989. Models
are also tested to examine a simuitaneous
change in slope and intercept and to allow
for nonlinearities in the time trend. The
conclusions are unaffected.

ARIMA Analysis

Another, more sophisticated, method is the
ARIMA model, typically attributed to Box
and Jenkins (1976). The essence of this
method is similar to simple smoothing and
decomposition. ARIMA modeling involves
an iterative three-stage procedure of iden-

tification, estimation, and diagnostic check-
ing.

Using the techniques of Box and Jenkins
(1976), the monthly Colorado tax data are
tested to see if the ARIMP-\ process that
generated the income tax revenues before
the 1985 amnesty was the same as the
process that generated the income tax rev-
enues after the amnesty. Additionally, the
identified ARIMA processes from before
and after the amnesty may be used to
“fit"" not only the series iiself (i.e., the pre-
or postamnesty data), bu# also to “fore-
cast” the data of the opjiosite series (r.e.,
the post- or preamnesty data).

The ARIMA results are given in Table 2.°
These results indicate that the ARIMA pro-
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cess generating the tax revenue is the
same before and after the amnesty; that
is, there was no change in income tax
compliance after the 1985 amnesty.” Other
ARIMA specifications give the same results.

As a further check of this conclusion, the
identified ARIMA models can be used to
forecast the data from one series to an-
other to examine if the same underlying
process exists on each side of the amnesty;
the identified model from each series can
also be used to fit the same series. Figure
1 shows the results when the preamnesty
ARIMA parameters are used to forecast the
postamnesty data (where Y is the actual
series and FORC1 is the forecasted results).
Figure 1 indicates that the preamnesty AR-
IMA parameters are able to forecast quite
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accurately the postamnesty revenues, so
that there is essentially no change in tax
compliance following the amnesty.® Similar
conclusions are found when postamnesty
ARIMA parameters forecast preamnesty
data, when preamnesty parameters fit
preamnesty data, or when postamnesty pa-
rameters fit postamnesty data.

MARIMA Intervention Analysis

A discrete “intervention” like an amnesty
can be represented as an additive effect of
the amnesty on revenues (Box and Tiao,
1975). Intervention analysis requires the
specification both of a starting point for
the intervention and of the shape of the
intervention impact. This method is com-

monly referred to as multivariate ARIMA or
MARIMA time series analysis.

FIGURE 1. Preamnesty parameters forecast postamnesty revenues.
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TABLE 3
INTERVENTION ANALYSIS RESULTS?

Intervention Coefficient R?

Step 0.717 0.88
(1.02)

Pulse 0.124 0.89
(1.04)

Ramp 0.544 0.88
(1.11)

®The ARIMA process in all three estimations is AR-
IMA(2,1,0(2,1,0)'? (see Endnote 6). t-statistics are in pa-
rentheses.

The starting point fcr the intervention (or
the amnesty) is simply the time at which
the amnesty occurs. The shape of the in-
tervention is more complicated. The shape
may be modeled by a “step’ function with
zero values up to the point of the inter-
vention and one for all periods following
the intervention, by a “pulse” function
where the intervention occurs at one pe-
riod and the intervention variable has just
one nonzero value, or by a ‘ramp” func-
tion in which the step is spread over some
period as a ramp response. Put differently,
a step function assumes that the amnesty
has a discrete impact on revenues at the
time of the amnesty and an equal impact
for all subsequent periods, a pulse function
assumes that the amnesty has an impact
only in the period in which the amnesty is
initially introduced, and a ramp function al-
lows the amnesty to have an impact both
at the time of the amnesty and after the
amnesty, although the postamnesty impact
may decline in subsequent periods.? These
three interventions are estimated sepa-
rately. Like the ARIMA approach, MARIMA
analysis requires that the underlying time
series be identified, estimated, and
checked.

The MARIMA estimation results are shown
in Table 3. The t-statistic on the various in-
tervention variables (step, pulse, or ramp)
never exceeds 1.11. These results therefore
indicate that there is no time when the in-
tervention is statistically significant; note,
in particular, that the pulse coefficient is
insignificant, so that there is no impact on
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revenues even in the month in which the
amnesty is enacted. As with the previous
results, the amnesty had no impact on
postamnesty tax compliance.

Conclusions

The time series results in this paper indi-
cate clearly that the Colofado amnesty has
had no impact on either the level or the
trend of tax collections. It is important to
recognize that this conclusion may have
several alternative explanations. Orie possi-
bility is that the amnesty |tself was of such
small size that it had no effect on the
compliance decisions of individuals. How-
ever, remember that the amnesty was ac-
companied by greater po‘tamnesty en-
forcement efforts by the %olorado
Department of Revenue. It is also possible
that any compliance—redué:ing effects of
the amnesty itself were just offset by the
compliance-enhancing effects of the
greater enforcement efforts; that is, if the
amnesty had not been followed by stiffer
penalties, then postamnes:ty revenues may
well have fallen. Unfortunately, it is not
possible to isolate the sep‘arate effects of
the amnesty and the enforcement.

Still, these results suggest that the short-
and lcng-term effects of a typical am-
nesty--—at least of an amnesty that is fol-
lowed by greater tax enforcement-—may
be somewhat benign. These results there-
fore give little solace either to advocates or
to critics of amnesties: a typical amnesty
seems unlikely to generate large one-time
revenues, but it also seems unlikely to have
significant negative effects on long run
compliance.
ENDNOTES
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For example, Alm and Beck (1990} and Andrecni (1991)
analyze the effects of a tax amnesty but use theoretical
methods. Empirical work has so far been unable to exam-
ine tha long run compliance effects (see Fisrer et al.,
1989; Alm and Beck, 1991; Dubin et af., 1990 for var-
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ious types of empirical work). Only Alm et a/. (1990) ex-
amine the fong run effects of a tax amnesty, and they
find that compliance falls unless postamnesty enforcement
efforts are increased. However, they use data generated
from laboratory experimental methods, not actual field
data.

See Mikesell (1986) and Federation of Tax Administrators
(1990} for a detailed discussion of the state programs.
The specific formats of the various amnesty programs
have generally differed. However, there have been many
common aspects. A “'typical” amnesty has generally ap-
plied to both domiciled and nondomiciled residents and
businesses and has lasted 2—3 months. Most programs
have applied to unpaid individual income taxes, but some
states with no individual income tax have held an am-
nesty. In a majority of the states known delinquents (or
“accounts receivable”’) have not been allowed to partici-
pate. Some states have waived some or all of the interest
penalties that had accrued on back taxes. Importantly,
most states have increased the penalty for tax evasion fol-
lowing the grace period, and many have provided for
greater funding for postamnesty tax code enforcement.
For example, penalties for most types of willful and fraud-
ulent noncompliance were increased from a misdemeanor
or no penalty to a Class 4 felony, which imposes a maxi-
mum fine of $100,000 for individuals and $500,000 for
corporations plus up to 4 years in jail upon conviction. On
a lesser scale, penalties for willful failure to pay any tax or
estimated tax, make a required return, keep required rec-
ords, or supply required information were increased to a
misdemeanor with a maximum fine of $50,000 for indi-
viduals and $100,000 for corporations plus up to 1 year
in jail upon conviction; prior to the amnesty, the maxi-
mum penalty for this type of violation was just $5,000
plus 1 year in jail.

For example, the number of personnel in the ““Colorado
Fair Share” department increased from 6 to 36. Further,
operations were computerized following the amnesty,
which led to an increase from roughly 1500 per year to
90,000 per year in the number of tax notices mailed to
taxpayers. Nevertheless, the number of individuals actually
convicted of tax evasion has not increased significantly
since the amnesty.

Note, however, that Zellner and Palm (1974) demonstrate
that a time series equation may be seen as a reduced
form equation from a more complete structural system.
This process is somewhat involved and consists of three
steps. The first step is identification of the model first
with respect to its stationarity or nonstationarity and then
with respect to the form of the autoregressive or moving
average or combined components; this anélysis must be
performed both for the entire period and for the two
subperiods before and after the amnesty (of January
1980-August 1985 and September 1985-December
1989). Once the processes are tentatively identified, esti-
mation of the parameters of the model is performed us-
ing maximum likelihood techniques. In the third step, di-
agnostic checking is done to determine whether the
model has been correctly specified. This analysis is re-
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peated until the ARIMA process is correctly specified. In
the case here, analysis of the autocorrelation functions of
the raw data and a plot of the raw data for the entire
period indicate that the series is nonstationary and that it
has a 12-month seasonality component; also, the Aug-
mented Dickey-Fuller (ADF) test also indicates that the
raw series is nonstationary. Consequently, the series is
first differenced and additively seasonally adjusted. Analy-
sis of the adjusted data via the ADF test indicates that the
adjusted series for the entire period is stationary. This pro-
cess is then repeated for raw data broken down into the
subperiods before and after the amnesty; for both sub-
periods, the series also need to be first differenced and
additively seasonally adjusted to achieve stationarity. Given
that the adjusted series for the entire period and the two
subperiods are not stationary, the underlying ARIMA pro-
cesses generating the tax revenue are identified, esti-
mated, and checked until the ARIMA process is correctly
specified. This analysis indicates that ARIMA processes are
the same before and after the amnesty and are equal to
ARIMA(2,1,0%2,1,0)'%; that is, the ARIMA processes con-
sist of two parts, a nonseasonal process that has an auto-
regressive polynomial of order two, a stationary process in
difference one, and a moving average polynomial of order

zero, and a 12-month seasonal process of the same or-
ders

~

A Chow (1960) test confirms that there is no difference
between the processes in the subperiods {F-statistic =
0.11)

©

Conventional measures of forecast performance (e.g., the
root-mean-square error) indicate that forecast revenues
are very close to actual revenues. Also, the root-mean-
square error for the postamnestry forecasts is virtually
identical to that of the preamnesty fits.

More formally, denote T as the month in which the am-
nesty occurs. Then a step intervention is specified by a
variable S,m, which equals zero in all months before the
amnesty and one in all months during and after the am-
nesty. A pulse intervention is specified by PP equal 1o
zero in all months before and after the amnesty and one
in the first month of the amnesty (or t = 7. A ramp in-
tervention is designated R ! and equals zero in all
months befare and after the amnesty and one in the 3
months of amnesty (or September, October, and Novem-
ber, 1985).
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