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Federal purchases of goods and services, federal tax rates, and several per-recipient outlays for
federal transfer payment programs are exogenous to the LIFT model. In general, we change
these variables and observe the effect of the change on the economy, including the federal deficit.
Analyses like this are routine, and have been published in severa places, including Monaco and
Phelps (1995). Developments outside the federal sector can also influence the federal deficit.
For example, Monaco, Janoska, Dowd, and Scandlen (1996) showed how an increase in fertility
could lead to a smaller federal deficit and an increase in life expectancy at birth lead to a larger
federal deficit. It is often useful to ask how simulation results might differ if we did not allow
the federal deficit to change from simulation to simulation. In this paper, we outline a method
for ensuring near deficit neutrality with respect to almost any baseline projection of the deficit.

Defining Deficit Neutrality

To simplify matters from the outset, we take as our measure of the deficit the national income
and product account (NIPA) federal deficit (prior to 1995 benchmark revisions). Even restricting
ourselves to the NIPA deficit, there are two competing ways to measure the deficit: as an
absolute number or relative to some other aggregate. Each method poses interpretation problems.
For example, forcing the value of the deficit to be unchanged from simulation to simulation
presents problems because the price level usually varies from simulation to simulation. Thus,
the same number for the federal deficit across two simulations can represent a very different real
thrust to fiscal policy. Defining our deficit measure relative to GNP alleviates that problem
somewhat, but then allows the actual value of the deficit to grow as the economy does. Although
this may seem more economically neutral -- the "share" of the government is held constant, it
does alow the federal sector to move in an absolute sense. That is, the deficit is alowed to rise
as the economy grows. If there are absolute deficit limits, a relative neutrality scheme is
inappropriate.

In this work, we chose to focus on relative deficit neutrality. Our scheme will generate near
neutrality in the federal deficit relative to nominal GNP. One way to view this kind of neutrality
is that policymakers are interested in how important the government is to the economy, rather
than in specific deficit figures. Recent history has actually suggested that policymakers are more
interested in absolute level of the deficit; witness the deficit targets of the Gramm-Rudman-
Hollings legislation and the recent debate to balance the budget by 2002. Happily enough, the
one case where both relative and absolute deficit neutrality are the same is when the absolute
deficit target is zero.

1This work was funded by the Health Care Financing Administration, HCFA Contract 500-93-
0007. We gratefully acknowledge HCFA's financial support, and the comments of John Phelps of the
Office of the Actuary, who kept hammering on us until we figured out a method for handling deficit
neutrality in aternate LIFT simulations.
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Instruments for Achieving a Target Deficit Share

In LIFT, there are nearly as many instruments for achieving a deficit target as there are in
reality. For example, we could change purchases of goods and services, or transfer payment
benefit schemes, or payroll taxes, or excise taxes, or income taxes. To keep matters simple, in
this work we restrict ourselves to changing the share of personal income that goes to the federal
government (LIFT variable RTPFI). More complicated schemes for achieving a deficit target
amount to the creation of a whole new scenario, and are best worked out individually.

Why Ensuring Deficit Neutrality is Difficult

Ensuring deficit neutrality is not trivial. The maor problem is that LIFT responds with a lag
to tax changes. Thus, raising or lowering taxes in a given year to reach the deficit target in that
year will likely overshoot the target in subsequent years. Carr and Monaco (1994) report the
results of simulations with a naive tax change scheme, in the context of attempting to hit a social
insurance fund solvency target. Their scheme resulted in unstable oscillations of LIFT, with tax
increases following on the heels of tax cuts until the simulation broke down. The major problem
for achieving the targeted value is designing a tax policy that accounts for the model’ s responses
to the tax changes themselves.

There are two classes of feasible solutions to this problem. First, we could try to develop a
sophisticated forward-looking function within LIFT as it solves, which accounts for the expected
reactions of the model to current tax changes. This would be an attempt to have the model, in
essence, forecast its own future reactions to tax changes. If it could be programmed correctly,
this would hit the target without error.

Another approach would be to try to use results from previous LIFT simulations to
approximate the forward-looking function outside the model, and then to introduce the adjusted
stream of tax rates to LIFT via exogenous "fixes." This approach has been the one most
frequently used to try to achieve federal deficit neutrality in LIFT. Typically, tax changes from
anaive rule -- like one described above -- are modified by model-runner intuition and introduced
as a fix from outside the model. One algorithm might be: (1) calculate the tax rate necessary
to hit the deficit target in each year, ignoring lagged impacts. (2) Cut the required tax changes
by some fraction to account for lags. (3) Introduce to LIFT. (4) Go back to (1).

Algorithms like this have been widely used with LIFT, with varying degrees of success. The
major drawback in naive rulesis that they can take several iterations to achieve the deficit target.
If a LIFT simulation running to 2050 takes more than an hour to run, the costs of running LIFT
four or five times to achieve a deficit target are quite large. Naive rules can be improved by
more fully incorporating the LIFT reactions to tax rate changes over time. To do this, we
calculate how LIFT’s federal deficit as a share of GNP changes with a one-time change to the
tax rate (RTPFI). Using these multipliers and the technique outlined below, we can calculate the
inverse function; that is, how RTPFI must change in order to move the deficit share of GNP by
S0 many percentage points. If LIFT islargely linear in this space, the inversion is a very good
approximation and we will come quite close to achieving deficit neutrality on the first try. If
LIFT’ s responses are not linear, the approximation will not be a good one, and it may take a few
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more iterations to hit the deficit target.
Reduced-Form Multiplier Matrices®

Imagine a small, linear macroeconomic model with an exogenous personal income tax rate.
Suppose, as a simulation, we raise the personal tax rate by 1 percentage point in the first year
of the simulation and let it fall back to its base values in all subsequent years. The simulation
horizon is three years. A table of hypothetical results is shown below.

Hypothetical Results of a One-time Increase in the Tax Rate
Differences from baseline values

Deficit as a Tax Rate Change
percent of GNP in percentage points
Year O -0.2 1.0
Year 1 -0.3 0.0
Year 2 -0.1 0.0

The table shows that a one-time change in the tax rate leads to a 0.2 percentage point decline
in the deficit as a share of GNP initially. The model’s feedbacks and the lagged effects of the
tax change keep the deficit share of GNP 0.3 percentage points below the base in Year 1, and
0.1 percentage points below the base in Year 2. The table illustrates how the effects of the tax
change are distributed through time. We can use this relationship to set up the following matrix
equation, where we define Y, to be the change in the deficit as a share of GNP, X, to be the
change in the tax rate, and the R matrix to be a matrix of reaction coefficients:

The technique discussed here is developed in Bryant, et. al. See that reference for more
discussion of the pitfalls of this approach and an application of the model multipliers approach
for investigating monetary and fiscal policy options across several different macro models.
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Y = R X
Yt -0.2 0.0 0.0 1
Y = | 03 -02 0.0 0
Yoo 01 03  -02 0

This matrix equation duplicates the results defined in the table of simulation results. The first
row of the R matrix shows the contemporaneous effect of atax rate change on the deficit-to-GNP
ratio. Incidentaly, it also shows that, in the model at least, future tax rate changes do not affect
the current deficit-to-GNP ratio (columns 2 and 3 of row 1 of the matrix are zero). The second
row indicates that the contemporaneous effect of X on Y is dill -0.2 (element 2,2 in the R
matrix), and the 1 year lagged effect is-0.3. The final row of the R matrix shows the effects of
tax rate changes in the two previous years and the contemporaneous effect of the third-year tax
change. The key realization embedded in the table is that a one-percentage-point change in the
tax rate in any year leads to a 0.2 percentage point reduction in the same year, a 0.3 percentage
point reduction a year later, and a 0.1 percentage point reduction two years later.

We can use the matrix equation to tell us the effects on the deficit share of GNP of any
combination of tax changes over a three-year horizon. For example, we could investigate the
effects of raising tax rates by 0.5 percentage point in Year O, dropping rates by 3 percentage
points in Year 1 and then raising them by 6 percentage points in Year 2. We would ssimply
substitute these values in for the X vector above and multiply by the R matrix to find the values
for the Y vector.

The matrix encapsulates the model’s dynamic properties. However, the key insight for our
present purpose is that we can use this matrix equation in away that goes beyond showing model
properties. For example, we can use the equation to solve backwards, that is, solve for the tax
changes that must accompany a given vector of changes in the deficit as a share of GNP. To do
this, we simply premultiply both sides of the equation by the R™ matrix, and multiply it by a
given vector of changes in the deficit as a share of GNP.

I mplementing the Procedure with LIFT

To use the technique proposed above, we need to map the responses of the LIFT deficit share
to increased tax rates. First, weran LIFT and saved a base simulation. Then we raised the share
of persona income taxes in persona income (RTPFI) by one percentage point in one year, and
determined the time-path of responses of the federal deficit relative to GNP. Using these
coefficients, we then constructed the R matrix above. Finally, we inverted the R matrix to allow
us to solve for the implied changes in the tax rate necessary to arrive at the given changes in the
federa deficit.

To test the usefulness of the response surface approach, we compared the response surface
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results to those of a ssimple algorithm for making changes to the tax rate to ensure deficit
neutrality. The simple algorithm that we used was to change RTPFI by the difference in the
deficits divided by personal income, which measures, in a static sense, how much tax rates must
rise to keep deficits at their base level. Figure 1 compares four separate deficit share time paths.
The object of the exercise is to try to approximate the Base deficit share time path as closely as
possible.

Figure 1 illustrates the four relevant time-paths. The Base line shows the path of the federal
deficit share of GNP from 1977 through 2050. The Spend Alternative line shows the effect of
raising federal nondefense spending by $12 billion (1977 dollars) starting in 1996. That amount
represents an increase in federal purchase equal to about 0.4 percent of GNP in 1996. The Naive
RTPFI line shows the deficit share time-path when we increase RTPFI each year by the amount
necessary to eliminate the difference between the Base and the Spend Alternative line. The
Naive RTPFI path makes no alowance for LIFT responses. Finally, Response Surface line
shows the results of using a path of RTPFI values derived using the techniques above.

Figure 1 has several interesting features. First, the Naive RTPFI and the Response Surface
simulations do about equally well in tracing out the Base path for the first ten years of the
simulation. After about 2005 however, the Naive RTPFI line diverges from both the Base path
and the Response Surface path. By 2050, the Naive Alternative is about as far away from the
Base as the Spend Alternative (albeit on the other side). The likely reason for the overshooting
of the Naive Alternative is the deficit-debt dynamic and the role that interest payments play in
producing the federal deficit. Because the Naive RTPFI aternative does not allow for the effect
of lower interest payments from a smaller federal debt (as aresult of a string of smaller deficits),
it tends to collect more revenue than it needs in the distant future. While repeated applications
of the Naive Alternative approach -- with scaling to reduce out-year tax collections -- would
certainly allow us to more closely approximate the Base, using the Response Surface approach
has moved us very close to the Base in one step. Thus, using the response matrix to tune the tax
changes allows us to develop our alternative scenarios much more quickly and easily. As an
aside, it is worth noting that there is a dightly widening gap between the Base and response
matrix deficit-share paths toward the end of the 65-year simulation horizon. This may suggest
some longer-term nonlinear responsein LIFT that our static response matrix is unable to capture.
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FIGURE 1. Federal Surplus as a Percentage of GNP
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Another Illustration: Balancing the Budget

We have developed the response surface approach in the context of a situation where we are
trying to match the deficit-to-GNP share of a base simulation with an alternative based on a
shock to another variable. For example, we used the technique to match deficit-to-GNP shares
in a base with an aternative with higher federal spending. It is not necessary, however, that the
aternative be a fully developed LIFT simulation. Instead, we can use the response surface to
help us develop an aternative scenario that approaches any arbitrary deficit-to GNP path.

As an example, we began with a baseline forecast devel oped in February 1996. We then asked
the response surface equation to calculate the tax rate changes necessary to reduce the baseline
deficit-to-GNP ratio to -0.1 percent by 2005 and keep it at -0.1 percent through 2050. Thus, we
actually use the response surface approach to help develop the alternative scenario. Table 1
shows the macroeconomic differences between the two projections.

The table shows that, although reducing the deficit gradually through 2005 reduces real GNP
and employment, and raises the unemployment rate, by 2050, potential real GNP and GNP are
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both higher by about a full percentage point. Page 9 shows that the deficit to GNP ratio fell to -
0.1 percent in 2005 and remained at that level through 2050. Tax increases necessary to create
this simulation resulted from the application of the response surface equation. The ratio of taxes
to personal income shown on page 9 shows that tax increases are initially large -- around 2
percentage points between 2000 and 2005. By 2025, however, the ratio of taxes to personal
income is back to base levels, where it remains until about 2035. Modest tax increases -- relative
to the base -- are necessary after 2035.

Conclusion

Our work illustrates the effectiveness of using a simple response surface approach in
maintaining budget neutrality. A key issue is the applicability of the R matrix coefficients to all
changes and all versions of LIFT. For example, our R matrix coefficients depend, to at least
some extent, on the assumptions about exchange rates and about monetary policy. Thus, a set
of simulations with exogenous assumptions very different from those used to derive the original
response matrix could result. Since it is reasonably easy to construct the R matrix (see the
Appendix), we would recommend that, if budget neutrality is likely to be an issue in a set of
simulations, an R matrix consistent with the version of LIFT being used in the simulations be
constructed. Our limited experience suggests that the R matrix embedded in our spreadsheets
captures most of the relevant effects across a couple of different versions of LIFT.

The technique of using model multipliers to help craft deficit-neutral LIFT simulations can be
generalized to other variables. For example, tax change multipliers could be derived for real
GDP, the unemployment rate or even output of motor vehicles and parts. In situations where
there will be many test smulations focusing on a few key variables, the model-multipliers
technique can significantly reduce the time-cost of scenario development.
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APPENDIX

Using the Response Surface Approach with LIFT

The R matrix and its inverse are created with the program RSTOFIX.EXE located on the
accompanying disk. Oncetheinverseis created it is multiplied by the desired changesin GFDEF,
the response variable. The result of the multiplication is a series of fixes for RTPFI, the policy
variable. In order to generate the changes in the policy variable, you simply use the save
command in PDG and type out the desired difference in the government federal deficit (gfdef)
divided by GNP. You must also type out the reactions in the response variable to a 1 percent
change in the policy variable. The file policy.add (also on the diskette) has all the necessary
commands in order to generate the desired changes in the deficit to gnp series. The file
response.add has all the necessary commands to generate the series of reactions in the response

variable.
Steps to use the response surface

1. Make a base ssmulation of LIFT.

2. Increase the policy variable 1% in the fix file, and make an alternative LIFT simulation. 3

Get into G or PDG, and type "add response.add".

The file response.add contains the following commands:
hbk base
f b.gfdef = gfdef/gnpz
hbk taxalt
f i.gfdef = gfdef/gnpz
f d_gfdef = b.gfdef-i.gfdef
sav initial.dat 96 150
ty d_gfdef
q

4. Create alternative scenario, and run LIFT.
5. Get into G or PDG, and type "add policy.add".

The file policy.add contains the following commands:
hbk base
f b.gfdef = gfdef/gnpz
hbk alt
f i.gfdef = gfdef/gnpz
f d_gfdef = b.gfdef-i.gfdef
sav gfixes.sav 96 150
ty d_gfdef
q

The command hbk base banks the base bank. If you are using a different type of bank or
the name of the bank is different, then you should change this command line in
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response.add or policy.add. The second line forms the base deficit to gnp ratio. The third
and fourth lines perform the same tasks as just described for the alternative simulation. The
fifth line forms the difference in the budget deficits. The sixth and seventh lines open the
file, and type the variable d_gfdef from 1996 to 2050 in the file initial.dat or gfixes.sav.

6. Use the program RSTOFIX at the DOS prompt. The program command syntax is the
following:

RSTOFIX <Infile> <Outfile> <Initialization File> <Policy Variable Name>
The defaults are: infile (desired RV) = dfixes.sav

outfile = gfixes.dat

initialization file = initial.dat

Policy Variable Name = DVAR

RSTOFIX </h> gives this description of the command Syntax.

7. Add the outfile fixes to the LIFT fix file.

8. Run LIFT.
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