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Abstract

This paper empirically investigates whether there are asymmetries in the responses of US government tax revenue and
expenditure to debt levels and economic conditions over the business cycle. State of the art regime switching regression
models, including Threshold Regression and Markov Switching, are investigated. Both sides of the government budget
show asymmetries, but the asymmetries for tax revenue show greater statistical significance. The results show that both
tax revenue and expenditure respond to high debt levels, with the asymmetry in this response showing that fiscal
authorities take weaker action in response to debt during poor economic times. In addition, the asymmetric response to
economic conditions for both sides of the budget shows that stronger countercyclical policy is taken during poor
economic times.
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1. Introducation

Policy makers consider many things in formulating fiscal policy and priorities likely shift in response to economic
conditions. Among these priorities are whether to engage in economic stimulation or to respond to the level of debt.
Both of these priorities have seen considerable academic interest and developments in time series econometric methods
has aided these inquiries. This paper contributes to this literature by using state of the art regime switching models,
including Threshold Regression and Markov Switching models, to address these questions. Here we investigate the
extent to which United States (US) policy makers adjust their decisions about tax revenue and spending in response to
debt levels or undertake countercyclical policy during strong and weak economic times.

The idea that policy makers implement asymmetrical policy in which they undertake stronger countercyclical actions
during economic downturns than during economic upturns has long been held as an anecdotal truth. But finding
empirical support has required development of new econometric methods. Investigation of monetary policy has a bit
of a head start in this regard, with the development of explicit optimization models by Ruge-Murcia (2003, 2004) and
Surico (2007) along with empirical confirmation of these models by Ruge-Murcia (2003, 2004) as well as Cassou, Scott
and V&aquez (2012) and Cassou, Shadmani and V&quez (2013). So far, formal optimization models for fiscal policy
are still elusive, but there is mounting empirical evidence that fiscal policy is asymmetric as results by Quintos (1995),
Golinelli and Momigliano (2008), Balassone, Francese and Zotteri (2010), Sorensen and Yosha (2001), and Cassou et al.
(2017) have found.® This paper contributes to this literature by using Threshold Regression and Markov Switching
models to investigate this issue. Furthermore, it differs from previous work which often focused on the primary
surplus (deficit) to investigate the revenue and spending side of the government balance sheet individually.

Recently a distinct but related body of work has investigated whether the effect of fiscal policy shocks vary over the
business cycle. For example, Auerbach and Gorodnichenko (2012) focus on the size of spending multipliers in

Y1t is useful to note that both implementation and legislative lags for fiscal policy are considerably longer than for
moneraty policy. Hence, we expect a larger degree of persistance in government spending and tax revenues.
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recessions and expansions. Using smooth transition vector autoregression (STVAR) regime switching models, they find
that fiscal policy is considerably more effective in recessions than in expansions. A more recent paper by Ramey and
Zubairy (2017) investigates whether the size of the US government spending multipliers depend on the amount of slack,
as measured by the unemployment rate, or on whether interest rates are near the zero lower bound. They construct a
quarterly historical data set for the US, including episodes of large variations in government spending, wide fluctuations
in unemployment, and long periods of near the zero lower bound interest rates. Using different methodologies and
specifications, surprisingly, they find no evidence of substantial asymmetry in government spending multipliers over
different states of the economy. Our paper is different from this strand of literature as it focuses on the asymmetry in the
reaction of the fiscal variables during recessions and expansions rather than an asymmetry in the effect of fiscal policy.

This paper also contributes to the literature on the sustainability of debt. This is a somewhat longer literature, with
interest dating at least back to the mid 1980s.? This literature has several approaches. One approach uses unit root
methods and often finds unsustainable debt levels.> Another approach, advocated by Bohn (1998, 2007), uses a policy
reaction methodology. His work, as well as related work by Collignon (2012) and Cassou et al. (2017), have found that
debt policy in the US is sustainable.* By estimating policy reaction equations for the two sides of the US government
balance sheet, we also contribute to the sustainability debate.

We find several important results regarding the policy reactions for both budget components in the United States. First,
both sides of the budget show that there is a high degree of policy persistence, that policy responds to higher debt and to
business cycle conditions. However, the statistical significance of these responses is only strong for policy persistence.
The response to economic conditions is statistically significant in most models while the response to debt levels is
statistically significant in only a few models. The weak statistical evidence for the connection between policy and debt
is important in and of itself as it does not show that policy is consistent with debt sustainability. In addition, both tax
revenue and government spending exhibit asymmetric behavior, but only in the tax revenue endogenous threshold
model do we find this to be statistically significant. However, because the linear model is not nested in the Markov
Switching model, directly testing this hypothesis is not feasible. Taken as a whole, these results show that policy
makers undertake asymmetric countercyclical policy, with stronger action taken when poor economic conditions prevail.
Furthermore, the response to lagged debt also has a countercyclical policy interpretation. We find that during good
economic times policy makers increase taxes and cut spending to a greater extent in response to rising debt than they do
in poor economic times.

The rest of the paper is organized as follows. In Section 2 we describe the empirical models analyzed in this paper and
in Section 3 we discuss the empirical findings. Finally, Section 4 concludes.

2. Empirical Models

Three related empirical models are investigated. The simplest model is a basic Linear Regression model (LM), while
the others are popular nonlinear regime switching regression models including a Threshold Regression model (TR) and
a Markov Switching Regression (MS). The regime switching models allow us to investigate asymmetry in the reaction
of government spending and tax revenue to debt levels and economic conditions. We include the LM model as a
baseline in which there is no asymmetry. This allows us to show the extent to which results are impacted when
asymmetries are introduced. This extent can be formally tested with the TR model which is piecewise linear and can
nest the basic linear model as a special case.

Threshold models have seen increased interest in fiscal policy analysis. These models can take different formulations.
For instance, those used by Golinelli and Momigliano (2008) and Balassone, Francese and Zotteri (2010) are known as
two parameter models because the threshold allows differences in only one parameter, while the formulations
considered in this paper are known as two sample models and could nest the two parameter models as restricted cases.’

Following Balassone et al. (2010), we focus on the tax revenue and primary expenditure components of the fiscal
budget. This means that in all three empirical formulations, the policy variable depends on its lagged value, the lagged
debt, and the lagged output gap. Including the lagged dependent variable as one of the explanatory variable allows for

%See Trehan and Walsh (1988), Kremers (1989) or Hakkio and Rush (1991) for early investigations of this issue.
3See for instance, Trehan and Walsh (1988).

*According to the policy reaction interpretation provided in Bohn (1998, 2007), debt policy is sustainable if policy
makers take corrective measures and improve their budget in response to an increase in debt to GDP ratio.

°We also investigated the two parameter models and tested the restrictions implied between them and the two sample
models. We always rejected the restrictions, so here we only present the more general two sample models.
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fiscal policy persistence and the existence of an optimal fiscal policy inertia.® Moreover, including lagged explanatory
variables allows us to interpret our models as a fiscal policy reaction function where the policy makers only respond to
the variables in their information set. Furthermore, considering the implementation lag associated with fiscal policy,
using lagged variables is a more appropriate way to study the fiscal reactions.

The LM can be written as:
Xe=atPXe 1+ B0 1+ AW 1+ @

where X, is the ratio of one of the budget components (tax revenue X;* or primary expenditure X,°) to GDP at date t, dy;
is the ratio of federal debt to GDP at date t-1, and w;, is the output gap at date t-1, defined as the deviation of the
observed annual output growth rate from its long-term value.’

The various anticipated signs for the parameters have been discussed in various places in the literature. For instance,
following the arguments in Bohn (1998), sustainability of fiscal policy should be marked by negative values of S, when
X.= X, and positive values of , when X;= X% Intuitively, for the primary expenditure regression, a negative value
for 8, indicates that as lagged debt increases, policy makers take action to reduce spending X, , and for the tax revenue
regression, a positive value for £, indicates that as lagged debt increases, policy makers take action to increase tax
revenue X.. Both of these reactions result in lower debt loads in the following period and hence are interpreted as
exhibiting a sustainable policy. Also, as noted in Balassone et al. (2010), the sign of S; depends on whether policy is
procyclical or countercyclical. For the primary expenditure regression, a positive value for B3 corresponds to a
procyclical policy, where higher values of the lagged output gap are followed by higher government spending, whereas
a negative value for f; corresponds to a countercyclical policy. Conversely, for tax revenue regression a positive value
for 3 corresponds to a countercyclical policy, where higher values of the lagged output gap are followed by higher tax
revenue, while a negative value for #3 corresponds to a pro-cyclical policy.

Part of our empirical focus will be on a popular asymmetry hypothesis in which the policy variable, X, , responds to the
explanatory variables differently depending on whether the economy is strong or weak. One of the models used to
investigate this asymmetry is a type of TR model. For the application here, we replace the explanatory variables in (1)
with interaction terms in which a dummy indicating the strength of the economy at period t-1, |4, is multiplied by each
of the variables to get

Xe=al + Bl X+ Bl dog + Bl W, +a'Q-1 ) (2
+B Q-1 )X+ B A= 1)d + BT )W, +&,
where X;= X or X, and I, is given by:

.
| _{O for w_,<w, 3)

o1 for w, >w,

and W' is referred to as the threshold value and is modeled using the lagged output gap for our study. We investigate
both exogenous and endogenous threshold values in the empirical section. Here we interpret values for the indicator
function equal to one as indicating the economy is in a strong part of the business cycle and values equal to zero as
indicating the economy is in a weaker part of the business cycle.

The parameters of (2) can provide evidence for a number of interesting policy questions. For instance, 8, # . or f; #
S5 implies asymmetry in the response of the policy variable to debt levels and economic conditions. If g, # 4., then
there is evidence that the budget component responds to lagged debt differently when the economy is doing well than

®Afonso, Agnello and Furceri (2010) provided empirical evidence of fiscal policy persistence in a cross-country study.
The existence of an optimal fiscal policy inertia is justifiable as the fiscal authority aims at reaching the optimal target
for the policy variable in small steps due to economic uncertainty.

"Primary expenditure is government current expenditure net of interest payment. There are alternative, but related,
formulations used in the literature. For instance, Golinelli and Momigliano (2008) focus on the cyclically-adjusted
primary balance and prefer to use differenced levels as the dependent variable. Balassone et al. (2010) used the lagged
value of the other budget items and the change in interest spending and its lagged level as other explanatory variables.

®To be more precise, Bohn (1998) uses the primary surplus (government tax revenue minus government spending net of
interest payment) as dependent variable. For his model, sustainability is associated with a positive coefficient for the
lagged debt.
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when it is not. Similarly, if 5 # f;, then there is evidence that the budget component responds to the lagged output gap
differently when the economy is doing well than when it is not. It is also useful to note that (1) is nested in (2). So one
can test whether the TR model fits better than the basic linear regression model by performing an F test on the null that
o= a!ﬁl 7&/37:& ;&ﬁZl andﬁ3 qtﬂ}'

Finally, the last part of our empirical investigation focusses on a two-state MS model. Here a nonlinear relationship
between the policy variable and the explanatory variables is given by:

Xt = a(st) + :Bl(st)xt—l + 132 (St)dt—l + /83 (St)vvt—l + G(St)uﬂ (4)

where u, is a standard normal random variable and S; denotes the unobservable regime or state variable. The state
variable has values of either 1 or 2 and follows a first-order two-state Markov process with transition matrix given by:

P:( p11 1- pzz}
1- P P2,

where the row j, column i element of P is the transition probability Pj;, which is the probability that state i will be
followed by state j. Since the transition probabilities beginning in each state sum to 1, the off diagonal terms are given
by P,=1-Pyand P,;=1-P, . The MS model has two main advantages over the TR formulations. First, it allows
for changes in the size of shocks over the sample of study and second, it allows for an interaction between fiscal policy
asymmetries with changes in shock volatility.

3. Empirical Results

Our empirical analysis uses quarterly data for the US economy from the first quarter of 1955 to the fourth quarter of
2015. With the exception of a few years of the government debt, the data was obtained from the Federal Reserve Bank
of St. Louis data bank.’

The various series used in the empirical models were computed from the raw data as follows. The tax revenue series
was obtained by dividing 100 times the federal government current receipts (FGRECPT) by the nominal GDP series
(GDP), while the primary expenditure series was obtained by dividing 100 times the federal government current
expenditure (FGEXPND) minus federal government interest payments (A091RC1Q027SBEA) by the nominal GDP
series.’® The debt to GDP ratio was obtained by dividing the total public debt series (GFDEBTN) by the nominal GDP
series and the output gap series was computed by the difference between the observed annual growth rate and the
average annual growth rate.'*

Before describing the empirical results, let us comment a bit about the behavior of the different time series. Figure 1
shows plots of the variables of interest along with a plot of the primary deficit. These plots also indicate recession
periods by using shaded regions. The first plot shows the primary deficit to GDP ratio which was computed by
subtracting the federal government revenue series to GDP ratio described above from the federal government primary
expenditure while the second plot shows the revenue and spending series individually. As one

*The Federal Reserve Bank of St. Louis only has quarterly debt data from 1966:01 to the present, so to get the
additional 11 years back to 1955:01, we used data from the US treasury which can be found at
http://www.treasurydirect.gov/govt/reports/pd/mspd/mspd.htm.

YGovernment current receipts include current tax receipts, contributions for government social insurance, income
reeiots on assets, current transfer receipts, and current surplus of government enterprises. Government current
expenditures include consumption expenditures, current transfer payments, interest payments, and subsidies. More
detail can be found at https://www.bea.gov/national/pdf/nipaguid.pdf

1 particular, we computed the growth rate in percentage terms by multiplying 100 times the log difference between
the current value of real GDP (GDPC1) and the value four quarters earlier. Next these growth rates were averaged and
then the average was subtracted from the annual growth rate series to give a series that has positive values when the
current growth rate exceeds the average and negative values when the growth rate is below the average.

We choose the output gap definition described above over the output gap based on the HP filter for two main reasons.
First, the use of the HP output gap introduces an endogeneity issue in the estimation of our empirical fiscal reaction
function since the HP filter is a two-sided filter. Second, the interpretation of the empirical fiscal equation as a fiscal
reaction function become dubious when the HP output gap is a regressor since the HP output gap uses, by construction,
much more information on GDP than the one available for the policy maker at the time of fiscal policy implementation.
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Primary Deficit as Percent of GDP
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Figure 1. Primary Deficit, Tax Revenue and Primary Expenditure, Public Debt, Output Gap

would expect, the primary deficit increases during the recessionary periods reflecting countercyclical policy. This
countercyclical policy can also be seen in the individual tax and spending series in the second plot where tax revenue
falls and primary expenditure rises during recessions. Moreover, these series exhibit co-movements with each other.
Later we exploit this co-movement by estimating a seemingly unrelated regression (SUR) model as a robustness
investigation. The third plot shows the movement of the debt to GDP ratio. As one would expect, this variable tends
to increase during bad economic times. In particular, during recessions, policy makers are more concerned with getting
the economy back on track by spending more and cutting taxes and this results in higher deficits which leads to rising
debt. The fourth plot displays the output gap. Here it can be seen that there is a sharp decrease in the output gap during
the recessionary periods. For this reason, we use the output gap as the indicator for the business cycle in the TR model.
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Table 1. Federal Government Tax Revenue (1955:1 - 2015:4)

LM TAR-0 TAR-E MS
Threshold 0 -2.111
Lagged Primary Expenditure 0.912 ***
(0.025)
Lagged Debt 0.002
(0.001)
Lagged Output Gap 0.036 **
(0.012)
Lagged Primary Expenditure - AT or S; 0.931 *** 0.944 *** 0.961 **
s (0.039) (0.027) (0.025)
Lagged Primary Expenditure - BT or S, 0.865 *** 0.673 *** 0.746 **
s (0.036) (0.060) (0.135)
Lagged Debt - AT or S; 0.002 0.003* 0.007
s (0.004) (0.002) (0.001)
Lagged Debt - BT or S, 0.001 -0.010 ** 0.008
s (0.002) (0.004) (0.008)
Lagged Output Gap - AT or S; -0.009 0.012 0.017 **
s: (0.031) (0.019) (0.008)
Lagged Output Gap - BT or S, 0.067** 0.080 0.073
(0.024) (0.052) (0.067)
1st-regime volatility o(s,) 0.172 **
Y (0.022)
2nd-regime volatility o(sy) 0.874 **
(0.162)
P 0.982 **
(0.010)
P, 0.819 **
(0.030)
RSS 43.653 42.584 38.644
AIC 929.408  931.362 907.669
SBC 943.397  959.339 935.646
log-likelihood st -21.972
Null 1: F-Stat 1.480 7.648

Notes: Standard errors in parentheses. One asterisk indicates significance at the 10% level, while two
and three asterisks indicate significance at the 5% and 1% level, respectively. RSS, AIC and SBC
stand for the residual sum of squares, and the Akaike Information and the Schwarz Bayesian criteria,
respectively.

Tables 1 and 2 show the results for the different empirical models with Table 1 showing the results when tax revenue is
the dependent variable and Table 2 showing the results when primary expenditure is the dependent variable. Before
discussing the results, it is useful to note some of the structure for these tables. The first column presents various
parameters, many of which are specific to certain models estimated.’? We use the "AT" and "BT" acronym to describe
the TR models parameter estimates when the threshold variable is observed to be above the threshold and below the
threshold, respectively. The MS models parameters are also listed in the same rows as the TR models to save space
even though the parameters have quite different interpretations. In particular, we grouped the AT parameters for the TR
models with the state 1, S;, parameters for the MS models. Similarly, we grouped the BT parameters for the TR models
with the state 2, S,, parameters for the MS models. While there is some reasoning behind grouping these parameters,
there are also significant differences in their interpretation which is useful to note. For instance, the AT parameters are
the values for the linear portion of the TR models when the output gap is observed to be above the threshold. However,
the S; parameter of MS models are the values for the linear portion of the model when the unobserved state variable is
in regime 1.

The second column presents the results of the LM given by (1), which was estimated using ordinary least squares (OLS).
The remaining columns of the tables present different nonlinear models in which the dependent variable is a nonlinear

2To save space, results for the constant terms are not reported. Complete tables with all the constant terms can be
obtained upon request.
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function of the various economic variables.”> Columns three and four present the parameter estimates for two versions
of the TR model when the lagged output gap is used as the threshold variable. Column three presents the results when
the threshold value is set to 0, while the fourth column presents the estimates for a TR model in which the threshold is
endogenously chosen so as to obtain the best fit. These models were also estimated using OLS, although the
endogenous threshold model did use an optimal search algorithm as described by Chan (1993) in conjunction with OLS.
We distinguish these two columns by using the TR-0 and TR-E notation. The fifth column shows the parameter
estimates for the two-state MS formulation. Finally, towards the bottom of the tables are various measures of fit, which
are used for comparison purposes between the alternative models.

Focusing on the federal tax revenue results in Table 1, we see the following. The LM model finds the coefficient of the
lagged dependent variable is somewhat less than one and is highly significant, which indicates a highly persistent fiscal
rule. The lagged debt coefficient is positive and insignificant. As emphasized by Cassou, Shadmani and V&quez
(2017), Collignon (2012), and Bohn (1998), the positive sign on the lagged debt coefficient could be viewed as being
consistent with a sustainable fiscal policy in the sense that tax revenue rises in reaction to debt accumulation. However,
since it is not significant, there is not enough evidence in support of this interpretation. In addition, the positive and
significant coefficient on the lagged output gap indicates that the reactions of tax revenue to economic conditions are
countercyclical.

The TR-0 model in column 3 shows that when the economy was both above and below potential output in the previous
period (i.e. both above and below the threshold value of zero), the lagged tax revenue coefficients are highly significant
and close to one. Furthermore, the coefficients are different in size, which is an indicator of asymmetry. Later we
discuss an F-test and find that for the TR-0 model, overall asymmetry is not statistically significant. Next, note that the
lagged debt coefficients are positive but insignificant for both the above and below threshold cases. The positive values
are consistent with policy makers raising tax revenue in response to high debt levels, but, as noted, this evidence is not
statistically significant. The lagged output gap coefficient is negative when the economy was above and positive when
the economy was below potential in the previous period; yet, only the below potential coefficient is significant. These
show how fiscal policy makers react to business cycle conditions and again show some evidence of asymmetry. In
particular, the positive and significant lagged output gap coefficient during below threshold periods implies
countercyclical policy. This finding is consistent with the literature which finds that fiscal policy in developed countries
tends to be countercyclical.'* Moreover, the larger (in absolute value) coefficient during the below threshold case
implies that policy makers are more focused on getting the economy back on track during economic downturns. This
interpretation is consistent with the asymmetric fiscal policy results found in Balassone et al. (2010) for a sample of
fourteen European Union countries and found in Cassou et al. (2017) for the U.S. economy.™ Finally, the various fit
parameters toward the bottom of the table do not provide strong evidence that the TR-0 model fits better than the simple
LM model. Moreover, the null hypothesis that there is no improvement in the fit, as indicated by the row labeled F-Stat,
shows an F-statistic of 1.480, which is less than the 5% critical value of 2.410, and thus cannot be rejected.

The TR-E model in the fourth column of Table 1 shows that the best fitting threshold occurs at a lagged output gap
value of -2.111 which is lower than the zero-threshold used in the TR-0 model.*® The parameter estimates for this
model are largely similar to those for the zero-threshold model and can be more or less interpreted as showing the same
asymmetric behavior for government tax revenue. In particular, while the reaction of tax revenue to lagged debt during
good times is less significant, the parameter estimates for this variable during bad times provide strong evidence that tax
revenue significantly decreases in response to an increase in debt to GDP ratio. This result reinforces our earlier
interpretation that concerns toward improving the economy in bad times overwhelm sustainability concerns.
Furthermore, both of the coefficients for lagged output gap are positive and the one for below threshold periods is
bigger in absolute value. However, because neither is significant, this does not provide strong evidence for the
asymmetric reaction. Finally, looking at the various measures of fit at the bottom of the fourth column we see that the

Bt is useful to note that while TR models are linear in the interaction terms denoted in equation (2), they are nonlinear
in the economic variables.

“In developing countries fiscal policy tends to be procyclical. This was noted by Kandil and Morsyb (2014) who
argue that such countries have limited access to international funds, and concerns about policy credibility and
unsustainability result in them not having sufficient resources to finance stimulus during recessions.

>Balassone et al. (2010) and Cassou et al. (2017) show a strong countercyclical response when economic conditions
arepoor.

18A threshold of 0 implies that below threshold cases occur when the growth rate is below the average growth rate for
the economy, while a threshold of -2.111 is more consistent with splitting the sample into recessionary and
expansionary cases.
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endogenous TR model fits better than the TR-0 model and the LM model. The test that this model fits no better than the
LM model, has an F-statistic of 7.648, which is larger than the 5% critical value of 4.119, and thus is easily rejected.'’
Here we see the TR-E shows statistically significant evidence of asymmetric behavior in tax revenue.

Finally, the fifth column of Table 1 displays the parameter estimates for the two-state MS model when the dependent
variable is tax revenue. Before describing the estimation results, it is useful to study Figure 2 in order to understand how
to interpret the two-state conditions. Figure 2 shows the smoothed probability of state 1 for the MS model.’® Like
Figure 1, Figure 2 also shows the recessionary phases of the business cycle using shaded regions. Focusing on the
booming economic period of the 1990s, one can see that the probability of being in state 1 is very high. Similarly,
during the boom period of the mid 2000s, Figure 2 shows a high probability of being in state 1. In addition, the shaded
recessionary periods can often be seen it the gaps between the dark regions. Overall, these high probabilities for state 1
during good economic times can be interpreted as indicating that state 1 is generally associated with good economic
times and, correspondingly, state 2 is generally associated with poor economic times. Moreover, state 1 is also strongly
associated with the Great Moderation period, which is characterized by low volatility.*

State 1 smoothed probability

1.0

0.6

0.4

0.2

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Figure 2. Two-State MS Model (Tax Revenue)

Now focusing on the parameter estimates in column five of Table 1, we see that the lagged tax revenue coefficients are
close to one and significant in both states, with a bit larger value for state 1 compared to state 2. Also, these coefficients
have different sizes and are somewhat indicative of asymmetric behavior. The response to lagged debt shows positive
and insignificant coefficients for both states while the response to the lagged output gap is positive for both states but
only significant for state 1. The positive lagged output gap sign implies countercyclical behavior, and comparing the
size of coefficients implies stronger countercyclical behavior during bad economic times. These differences also are
indicative of asymmetric reactions to the lagged output gap, although the insignificant values for state 2 weakens this
interpretation. Next note that the volatility of innovations in state 1, o(s,), is roughly five times lower than the volatility
of innovations in state 2, o(sy). This is in line with our interpretation of state 1 being mostly associated with the Great
Moderation period, which is characterized by low volatility. When comparing the results from TR models with the MS
model, one can see that the change in volatility is uncovered by the MS formulation while the TR formulation assumes
an identical level of innovation volatility both above and below the threshold level. Finally let us comment a bit on the
parameters for the transition probabilities in the MS model. We see that probability of staying in state 1 if one begins

YThe critical value of 4.122 does not come from a conventional F distribution table. We computed this number by
using a bootstrap simulation procedure described in Hansen (1997) which showed that the F-statistic in TR models do
not have F distributions and that proper critical values can be found using a bootstrap procedure.

8The smoothed probabilities are computed using the information over the whole sample of size T (i.e., prob [s; = 1]1])
as discussed in Hamilton (1994, p. 694).

“The precise dating for the Great Moderation is the subject of debate, but many studies, such as Stock and Watson
(2002), have suggested this low volatility period starts around 1984. Furthermore, although the debate is still open, the
end of this low volatility period likely ended with the financial crisis in late 2007.
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in state 1, Py, is very high at 0.975, while the probability of staying in state 2 if one begins in state 2, P,,, is smaller at
0.843. These estimates show that there is high persistence for both states, with the persistence during good times being
larger.

Overall, we can say that the results for the tax revenue regressions provide strong evidence for policy inertia, with
significant coefficients for lagged tax revenue in every model. Furthermore, the differences in these coefficient sizes
provide evidence for asymmetric behavior. The response of tax revenue to lagged debt is typically positive, indicating
that revenue rises when debt rises. However, the lack of significant coefficients means that this interpretation only has
weak evidence. The response to the output gap is mostly positive, indicating that falling output gaps, as one might see in
a recession, lead to falling tax revenue, thus countercyclical policy. Furthermore, the coefficients indicate asymmetric
behavior, with stronger action taken during weak economic times. Finally, the TR-E model shows significant
differences from the LM model providing evidence for overall asymmetric policy behavior.

Next consider the results in Table 2 where the dependent variable is government primary expenditure. The LM finds the
lagged dependent variable is close to one and is highly significant, showing evidence of persistence in expenditure
policy. The lagged debt coefficient is negative but insignificant. The lagged output gap coefficient is negative and
significant implying that the behavior of primary expenditure is countercyclical.

Column three of Table 2, which shows the results for the TR-0 model, also shows that when the economy was both
above and below potential output in the previous period, the lagged primary expenditure coefficients are highly
significant and close to one. The lagged debt coefficient is negative and insignificant when the economy was above
potential and positive and insignificant when the economy was below potential. Furthermore, the lagged output gap
coefficients are negative when the economy was both above and below potential in the previous period, but only the
below threshold coefficient is significant. The signs of the coefficients for lagged debts are in line with our earlier
interpretation that policy makers are more concerned with getting the economy back on track during the bad times, and
therefore they increase government expenditure in an effort to revive the economy. However, none of these parameters
are significant, so these results do not provide statistically significant support for this interpretation. A similar
asymmetric interpretation can be made for the lagged output gap coefficients. In particular, the larger (in absolute value)
and significant coefficient during the below threshold case shows that fiscal policy is more focused on mitigating
economic downturns than muting booms. The various fit parameters toward the bottom of the table, however, do not
show much improvement in the fit of TR-O model over the basic LM. Moreover, the null hypothesis that there is no
improvement in the fit, shows an F-statistic of 1.784, which is less than the 5% critical value of 2.410, and thus cannot
be rejected.

The fourth column of Table 2, which shows the results for the TR-E model, shows that the best fitting endogenous
threshold model is achieved at the lagged output gap value of -2.149 which is lower than the zero-threshold used in the
TR-0 model. The parameter estimates for this model are similar to those for the zero-threshold model and can be
interpreted as showing the same policy persistence, asymmetric and countercyclical behavior for the government
primary expenditure. In particular, we again see significant coefficients on the lagged expenditure terms with values
near one indicating a high level of policy persistence. In addition, although the coefficients for lagged debt are not
significant and do not provide strong evidence for asymmetric behavior, the coefficients for lagged output gap imply
significant countercyclical reactions of primary expenditure to the economy. Moreover, these reactions are asymmetric
in that there is a greater level of intervention during economic downturns where we see the coefficient is highly
significant and larger, in absolute value than the coefficient during strong economic times. Finally, looking at the
various measures of fit at the bottom of the fourth column we see that the endogenous threshold TR model fits
somewhat better than the zero threshold TR model. However, the test that this model fits no better than the LM model,
as indicated by the row labeled F-Stat, has an F-statistic of 2.587, which is not larger than the 5% critical value of 4.119,
and thus cannot be rejected.
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Table 2. Federal Government Primary Expenditure (1955:1 - 2015:4)

LM TAR-0 TAR-E MS
Threshold 0 -2.149
Lagged Primary Expenditure 0.949***
(0.016)
Lagged Debt -0.0004
(0.001)
Lagged Output Gap -0.061***
(0.0112)
Lagged Primary Expenditure - AT or S; 0.915*** 0.952*** 0.965**
s (0.033) (0.017) (0.014)
Lagged Primary Expenditure - BT or S, 0.947*** 0.913*** 0.929**
s (0.021) (0.038) (0.060) ..
Lagged Debt - AT or S; -0.004 -0.001 -0.003**
s (0.003) (0.002) (0.001)
Lagged Debt - BT or S, 0.0008 0.003 0.005
s (0.002) (0.003) (0.010)
Lagged Output Gap - AT or S; -0.036 -0.055** -0.053**
s: (0.029) (0.017) (0.013)
Lagged Output Gap - BT or S, -0.085*** -0.198*** -0.002
(0.021) (0.048) (0.003)
1st-regime volatility o(s,) 0.107**
Y (0.016)
2nd-regime volatility o(sy) 0.803**
(0.196)
P 0.971**
(0.008)
P, 0.867**
(0.022)
RSS 32.947 32.094 31.563
AIC 860.758  862.353 858.287
SBC 874.747  890.331 886.264
log-likelihood st -44.735
Null 1: F-Stat 1.569 2.587

Notes: Standard errors in parentheses. One asterisk indicates significance at the 10% level, while
two and three asterisks indicate significance at the 5% and 1% level, respectively. RSS, AIC and
SBC stand for the residual sum of squares, and the Akaike Information and the Schwarz Bayesian

criteria, respectively.

Before describing the estimation results for the government spending version of the MS model, let us study Figure 3 in
order to understand how to interpret the two-state conditions. Unlike the model for tax revenue where state 1 was
generally lined up with the boom periods and state 2 was generally lined up with recessions, Figure 3 does not clearly
separate good times from bad times. In particular, Figure 3 shows that the probability of being in state 2 is not only high
in recession periods, but is also high in some of the boom periods. Therefore, the interpretations for these coefficients
are not quite the same as described for the TR models. However, Figure 3 does show that state 2 is largely associated
with the periods prior to the 1980s, the late 1990s, late 2000s, and early 2010s which are generally lined up with the
periods when democratic parties dominated the political scene, while state 1 is largely lined up with the periods when
conservative parties held greater power.
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Figure 3. Two-State MS Model (Primary Expenditure)

Focusing on the parameter estimates in column five of Table 2, we see that the lagged dependent variable coefficients
are near one and significant in both states. The response to lagged debt is negative and significant for state 1 and
positive and insignificant for state 2. The response to the lagged output gap is negative in both states and it is highly
significant in state 1 implying counter cyclical policy, but insignificant in state 2. Moreover, the volatility of
innovations in state 1, o(sy), is roughly four times lower than the volatility of innovations in state 2, o(s,). Since state 1
is roughly associated with the republican periods and state 2 is roughly associated with the democratic periods, one
interpretation for the parameter estimates is that government expenditure tends to decrease in response to an increase in
debt during republican periods, while it tends to increase during democratic periods. Furthermore, the negative and
significant response to lagged output gap for state 1 with the larger value (in absolute value) implies a higher level of
countercyclical policy in this state. Finally, it is useful to recall that our main purpose is to investigate the asymmetry in
the reaction of each budget component to debt levels and economic conditions over the cycle. Therefore, the results for
the MS expenditure regression are not as useful as for tax revenue regression since it cannot clearly separate economic
good times from bad times. Hence, one can conclude that when the dependent variable is government expenditure, the
TR models provide a better interpretation for our goal.

To check the robustness of these results, we also estimated our equations as a system using the SUR estimation method.
This type of estimation is motivated by Figure 1 where the movements in tax revenue and government primary
expenditure over time seem to be related. The results from the SUR estimation are in line with those presented above
and are not presented here to save space.”

Let us conclude this section with a brief summary of the key findings. In general, we found that there was a sequence of
improvements in the fit and performance of the models presented. While the LM found that both types of policy are
highly persistent, are consistent with debt sustainability and exhibit countercyclical behavior, it did not perform as well
as the TR models and the MS models which allowed asymmetric policy behavior. For the tax revenue series, the TR-E
model showed significance improvements in fit, while for the government spending series the fit was not significantly
improved. Furthermore, one should note that the interpretation of two regimes for government spending MS model
are not as useful for investigating asymmetric policy during good and bad economic times as the MS model was for the
tax revenue case. In particular, in the MS model for tax revenue, state 1 is generally associated with economic good
times and state 2 is associated with bad time. This interpretation is in line with the purpose of this paper as it allows us
to study the reactions of tax revenue to different variables depending on the strength of economy. However, the MS
model for government expenditure does not necessarily assign the observations into each state in a way which aligns
with our purpose.

2SUR results are presented in Tables Al and A2 of the Appendix.
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4, Conclusion

This paper investigates US federal government tax and spending policy reaction functions using quarterly data over the
period of 1955:1 to 2015:4. We investigate several issues including, policy persistence, the response to debt levels, the
response to economic conditions and most importantly whether these responses are asymmetric between good and bad
economic times. We find several important results for both budget components. First, both sides of the budget show that
there is a high degree of policy persistence, that policy responds to higher debt and to business cycle conditions.
However, the statistical significance of these responses is only strong for policy persistence, while the response to
economic conditions is statistically significant most of the time and the response to debt levels is statistically significant
in only a few models. In addition, both tax revenue and government spending exhibit asymmetric behavior, but only
in the tax revenue endogenous threshold model do we find this to be statistically significant. Because the linear model
is not nested in the Markov Switching model, directly testing this hypothesis is not feasible. However, the coefficient
estimates in the tax revenue Markov Switching model does exhibit the same level of asymmetry as those in the
endogenous threshold model. Taken as a whole, these results show that policy makers undertake asymmetric
countercyclical policy, with stronger action taken when the poor economic conditions prevail. Moreover, the response
to lagged debt also has a countercyclical policy interpretation. In particular, one can interpret the finding that during
good economic times policy makers increase taxes and cut spending in response to rising debt to a greater extent than in
poor economic times as also showing countercyclical behavior.
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Appendix
Table Al. Federal Government Tax Revenue (1955:1 - 2015:4) - SUR
LM TAR-0 TAR-E
Threshold 0 -2.110
Lagged Primary Expenditure 0.912***
(0.025)
Lagged Debt 0.002
(0.001)
Lagged Output Gap 0.036**
(0.012)
Lagged Primary Expenditure - AT or S; 0.929*** 0.945***
s (0.038) (0.027)
Lagged Primary Expenditure - BT or S, 0.873*** 0.686***
s (0.035) (0.060)
Lagged Debt - AT or S; 0.002 0.003*
52 (0.004) (0.002)
Lagged Debt - BT or S, 0.001 -0.010**
s (0.002) (0.004)
Lagged Output Gap - AT or S; -0.009 0.013
s (0.031) (0.018)
Lagged Output Gap - BT or S, 0.065** 0.075
(0.024) (0.051)
RSS 43.652 42.595 38.652
AIC 937.408  947.425 923.723
SBC F <stat 965.385  1003.379 979.678
Null 1: F-Stat 1.465 7.633

Notes: Standard errors in parentheses. One asterisk indicates significance at the 10%
level, while two and three asterisks indicate significance at the 5% and 1% level,
respectively. RSS, AIC and SBC stand for the residual sum of squares, and the Akaike
Information and the Schwarz Bayesian criteria, respectively.
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Table A2. Federal Government Primary Expenditure (1955:1 - 2015:4)- SUR

Copyrights

LM TAR-0 TAR-E
Threshold 0 -2.149
Lagged Primary Expenditure 0.954***
(0.015)
Lagged Debt -0.0005
(0.001)
Lagged Output Gap -0.060***
(0.011)
Lagged Primary Expenditure - AT or S; 0.920*** 0.955***
s (0.032) (0.016)
Lagged Primary Expenditure - BT or S, 0.954*** 0.922***
s (0.021) (0.037)
Lagged Debt - AT or S; -0.004 -0.001
s (0.003) (0.002)
Lagged Debt - BT or S, 0.0004 0.003
s (0.002) (0.003)
Lagged Output Gap - AT or S; -0.034 -0.053**
52 (0.029) (0.017)
Lagged Output Gap - BT or S, -0.083***  -0.188***
(0.021) (0.047)
RSS 32.959 32.109 31.580
AIC 868.844  878.470 874.418
SBC F <stat 896.822  934.425 930.372
Null 1: F-Stat 1.540 2.554

Notes: Standard errors in parentheses. One asterisk indicates significance at the 10%
level, while two and three asterisks indicate significance at the 5% and 1% level,
respectively. RSS, AIC and SBC stand for the residual sum of squares, and the

Akaike Information and the Schwarz Bayesian criteria, respectively.
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