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Abstract
The author introduces a simulation of counter-cyclical interventions that highlights important issues surrounding the practice of government intervention.  The simulation provides experiential insight as to why economists have long debated the degree of persistence exhibited by disequilibrating shocks and connects this debate to discussions about policy lags.  In addition, the simulation explores related issues such as unintended pro-cyclical stimuli created by the political business cycle, the importance of central bank independence, the role of automatic stabilizers, and the value of forecasting.  Ultimately, the simulation reminds students of real-life complexities behind curve-shifting textbook problems and cautions that even optimal strategies may fail over short time horizons.
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This macroeconomic simulation is designed to give undergraduate students a sharper understanding of the potential benefits and challenges associated with counter-cyclical interventions.  The intended audience is a student in either principles or intermediate macroeconomics who has been exposed to a model of the macroeconomy that suggests a positive role for counter-cyclical government intervention (for example, the Keynesian Cross or Hicksian IS-LM models).  Following an exposition of the simulation, I discuss how the model can be used to teach students about the role of lags in policy-making, the impact of institutional forms on economic policy success, the advantages of automatic stabilizers, the pitfalls of political business cycles, and the value of forecasting.  Citations to accessible empirical articles are included in the discussion for teachers seeking complementary materials or for students who would like to do independent research after playing the simulation.  

In a previous issue of this journal Lengwiler (2004) presented a simulation of monetary policy.  A carefully modeled simulation explicitly connected to a Neo-Keynesian model with adaptive expectations and observational error, Lengwiler’s simulation provided insights into the particulars of monetary policy in that specific context.  The simulation described here is intended to achieve several goals that were not addressed by Lengwiler’s work.  First, the model is intentionally very simple and atheoretical.  The resulting transparency leads to three useful results: a) students learn that even in very simple environments effective counter-cyclical policy is often complex and counterintuitive, b) with a little guidance, students can sort out what an optimal intervention policy must look like, and c) students are able to discern why even optimal policy is limited in its ability to mitigate economic shocks.  Second, by abstracting from a specific model, the simulation is applicable to a wide variety of issues found in the empirical macroeconomics literature relevant to both fiscal and monetary policy.  As such, this work should be viewed as a complement to, not a substitute for, Lengwiler’s simulation.
A SIMPLE MODEL OF GOVERNMENT INTERVENTION

It is impossible to understand the challenges and potential benefits associated with counter-cyclical policy if we presume that there are no possible benefits.  For instance, if the economy is assumed to operate like the model in Kydland and Prescott (1982) in which gross domestic product (GDP) is always at the full-employment level then there is no room for welfare-improving government intervention.
  Thus, any nontrivial simulation of counter-cyclical policy implementation must assume the existence and predictability of deviations from full-employment GDP.  The simulation discussed here models deviations of GDP at time t (GDP t) from the full-employment level (GDP FE) as a simple autoregressive process of order 1:





GDP t ​​– GDP FE ≡Yt = φYt-1 + εt.


(1)






ε ~ N(0,σε2), 0 < φ < 1

The deviation from full-employment GDP is represented by Yt, which = 0 when the economy is at the full-employment level.  When output is below the full-employment level (Yt < 0), unemployment results; when output exceeds full-employment GDP (Yt > 0), inflation sets in.
  The deviation in GDP at time t (Yt ) depends on two factors: supply- and demand-side shocks (εt) and the previous period’s deviation from full-employment GDP (Yt-1).  The parameter φ determines the degree of persistence in economic shocks—or the speed at which the economy returns to full-employment equilibrium.  While theoretically, φ must lie between 0 and 1 it is very unlikely to fall short of 0.5 if periods are measured in months.  The well-known properties of autoregressive processes make it easy to calculate the variance of GDP deviations from the full-employment level that would result in the absence of intervention: σY2 = σε2/(1​​–φ2).

Students familiar with the Keynesian Cross or the Hicksian IS-LM framework understand that one branch of macroeconomics suggests that fiscal and monetary policies may mitigate this variance.  Of course, it is often difficult to predict precisely the timing and magnitude of economic responses to government interventions. The simulation described here sets aside these very real issues.
  In the simulation, when the government chooses to increase GDP by G it knows the effect will be to increase Y by exactly G exactly n periods in the future.  Incorporating government stimuli into the time series of GDP deviations, the new process becomes:



 


Yt = φYt-1 + Gt-n + εt.



(2)

Depending on the size and timing of interventions, the variance of this time series may be greater or smaller than that which would have occurred in the absence of intervention.  The purpose of this simulation is to teach students about the factors that determine the potential of counter-cyclical interventions to reduce GDP deviations and to connect these factors to several other topics in the empirical macroeconomics literature.

The simulation can be accessed at www.people.carleton.edu/~ngrawe/simuls.htm.  There you will find a student lab guide along with a link to a Visual Basic application that can be run by Excel® to simulate the economy described above.  (The student must choose to “Enable Macros” when opening the program in Excel®.)  Each time the student runs the simulation, a new experience will be generated with random economic shocks.  In all simulations, the economy is presumed to be at full-employment GDP at time t = 0—the period just before the simulation begins.  No government interventions have taken place prior to the simulation’s commencement.  Students begin by choosing the length of the policy lag n as well as the persistence parameter φ.  They then press the button labeled “Start Trial”.  (See Figure 1 for a screenshot of the appearance of the simulation at the start of play.) 
[Place Figure 1 Here]

In each period (which might be thought of as one month), a graph updates the state of the economy and students have the opportunity to submit a government intervention. In the simulation, a bright red line represents full-employment GDP (the x-axis in Figure 1) whereas the dark blue line shows actual performance.  The area above full-employment GDP is labeled “Inflationary Zone”; the area below is labeled “Recessionary Zone.”  The precise current percentage deviation from full-employment GDP is printed to the left of the graph. When a student inputs an intervention of, say, 2, a stimulus increases Y by 2 percentage-points n periods hence.
  Once the intervention is entered, the simulation moves forward one period incorporating a new random shock and whatever interventions were chosen n periods previous.  The graph is updated and the student is asked to provide another intervention.  This is repeated for 48 periods or until the student clicks “End Trial”.  At this time, the student will be taken to the “Results Summary” page, which is discussed in more detail below.  (See Figure 2 for a screenshot of the user interface during play.) 
[Place Figure 2 Here]

Students should begin by examining how the economy evolves without government intervention (that is, set the intervention equal to 0 in all periods).
  As students increase the persistence parameter they will see that recessionary and inflationary episodes of the business cycle typically last longer.  However, they will also note that because they are looking at a relatively short time frame the random variation of each simulation is significant and so these general rules are not always experienced.  

Once students are familiar with the economic environment in the absence of government involvement they may attempt to improve on the laissez-faire outcome by implementing an intervention strategy.  At the end of a simulation, the results summary (Figure 3) provides feedback through four graphs and three statistics.
[Place Figure 3 Here]

In the upper left corner of Figure 3 a graph compares the GDP process that would have occurred had there been no interventions with the process generated by the student interventions.  Here students can see instances where they mitigated (or worsened!) recessionary or inflationary episodes.  In the upper right corner, the student-generated process is compared with the process that would have resulted had the student implemented an optimal intervention strategy—that is, the policy that minimizes output variation over an infinite horizon.  (See Appendix B for derivation.)  Students gain a deeper understanding of when and how their own policy differed from optimal policy by looking at the graph in the lower left corner that plots the student’s interventions against those of a decisionmaker carrying out the optimal strategy.  Finally, in the lower right corner the GDP process under the optimal strategy is compared with the laissez-faire process.

In addition to these graphical summaries, at the bottom of the page the results summary provides three policy effectiveness statistics.  The first measure reports the percentage by which the student intervention reduced output variation.  Next, the page notes the percent by which an optimal strategy would have mitigated output variance in this 48-period episode.  The final statistic shows how by much the optimal policy reduces output variation in the long run.  A negative value indicates that the intervention actually increased output variance.

LESSONS LEARNED

The student lab guide included in Appendix A leads students to several discoveries concerning counter-cyclical policy along the way toward an understanding of the optimal intervention strategy.  After students have worked through the lab guide, teachers might augment these lessons with several additional connections to the macroeconomics literature.  I outline several of these connections, making reference to accessible articles related to each topic.
The Debate over the Speed at Which the Economy Returns to Equilibrium


Macroeconomists have devoted innumerable journal pages to debating the rate at which GDP returns to its full-employment level.  The most famous salvo no doubt belongs to Keynes (1924) who declared, “In the long run we are all dead.”  The simulation clarifies an important nuance of this debate.  Prior to the simulation, most students recognize that if shocks to the economy are ephemeral, then by the time the government is able to respond the effects of the shock have already passed and government intervention would only serve to increase economic instability.  What is less well understood is that the definition of “ephemeral” hinges on the speed with which the government is able to respond.

Even if disequilibrating shocks persist for months, if years pass before government responses take effect then interventionist policy will always be too late to be of use.  (In fact, in this case government interventions would ultimately represent disequilibrating shocks.)  This basic point is made clear in Table 1 where I show the fraction of output variance mitigated through optimal counter-cyclical intervention under the simple assumptions of the simulation.
  Not surprisingly, the potential for government to improve on market outcomes is positively correlated with the persistence of economic shocks and negatively related to the intervention lag.  (Appendix B shows that the maximum fraction by which output variation can be reduced is 100*φ2n.)  

Typical business cycles last approximately 30 months suggesting a monthly persistence parameter near 0.9.  If the lag in government intervention is between 6 and 8 months then the maximum fraction by which government policy can mitigate cycles is between 19 and 28 percent.  Certainly policy success of this magnitude would be no small feat.  However, students should note the potential benefits of reducing the lag in government response by just two months.  With a lag of between 4 and 6 months, the maximum fraction by which government policy can mitigate cycles rises to between 28 and 43 percent.  Students should clearly see that the debate about persistence in economic shocks implicitly contains questions about the time it takes for government policies to be enacted (the “inside” lag) and then to affect the economy (the “outside” lag).

Inside Lags and Outside Lags: An Advantage of the Parliamentary System


A discussion of these inside and outside lags points toward ways in which policies can be crafted and institutions organized to better respond to economic shocks.  “Automatic stabilizers”—policies that immediately respond to changes in economic conditions without explicit legislative action—are a natural response to the facts presented in Table 1.  By eliminating the need to identify a recession, debate a policy response, and implement enacted changes, automatic stabilizers such as unemployment insurance and progressive tax schedules dramatically reduce the lag time and raise the potential effectiveness of counter-cyclical policy.  (Auerbach and Feenberg [2000] provide an accessible overview of the degree to which the federal tax system acts as an automatic stabilizer.)


What students may be less likely to identify on their own is the way in which the forms of political institutions can hinder attempts by governments to respond to economic disturbances.  Representative democracies are by nature deliberative and slow.  Although the costs of dictatorship may outweigh the potential benefits accrued by fast response to economic downturn, it may be wise to create independent bodies such as the Federal Reserve System which, while overseen by a representative body, is free to act with less political debate.  


Further, Table 1 has bearing on the debate in some states over whether to move toward unicameral legislatures.  Most of the arguments for such a move have centered on the cost savings resulting from eliminating legislative offices and staff or the transparency of governance.  However, another advantage is the faster response to changing economic conditions.  In fact, it is notable that despite the United States’ status as the seminal representative democracy, most subsequent democracies have followed the parliamentary model in which the head of state is elected by the legislative body thereby assuring political alignment between the branches of government.  
The Political Business Cycle


A second connection between politics and economic interventions can be demonstrated using the simulation: the political business cycle proposed by Nordhaus (1975).  To see a sharp example of this phenomenon, direct students to set the persistence parameter to 0.7 and the lag to three periods.  (These values are not particularly special; they are nice choices given the time horizon of the simulation.)  The student lab guide asks students to begin their exploration of  intervention strategy by setting the level of intervention to be roughly equal in size to the current deviation from full-employment GDP but of the opposite sign, Gt = ​​–Yt.  (Many of my students are tempted to follow a strategy similar to this the first time they play.)  The political temptation to follow this strategy is clear.  When output is low (and unemployment high), the public cries for evidence that the government is “doing something” to raise aggregate demand.  The greater the economic disturbance, the larger the demanded action.  The opposite political pressure is brought to bear during periods of inflation.  But is responsiveness to this outcry good policy?


After working through the lab guide, students should be able to understand intuitively why it is not.  Appendix B formally confirms the intuition that the best policy accounts for the size of today’s shock, not the level of today’s output.  If output today is low relative to full-employment GDP, but high compared to yesterday’s level of output this is evidence, ceterus paribus, of a large positive shock.  What is more, attention must be paid to previous government interventions that have yet to take effect.  Intervention with an eye only toward the current level of GDP amplifies shocks and augments the business cycle.  (Figure 4 shows a typical outcome.)  As students watch the economy cycle hopelessly through inflationary and recessionary bouts of increasing severity, they quickly learn the dangers of tailoring policy to current output levels rather than paying attention to the more relevant changes in output.

[Place Figure 4 Here]

When students play the simulation according to Gt =​​ –Yt they create a special case of a political business cycle.  A substantial literature examines whether election cycles create economic cycles as elected officials respond to the incentive to boost aggregate demand in the year preceding elections.  In particular, in election years, politicians will find it especially hard to ignore current levels of unemployment even if they know that policies previously enacted will shortly take effect.  (The 1992 presidential election arguably offers one such example.)  This provides yet one more argument for central bank independence, though some believe the Federal Reserve Board contributed to a political business cycle leading up to the 1972 elections (Keller and May 1984).
Monetary Policy and Other Games of Chance


A third lesson can be learned by looking at the variance associated with optimal policy over several simulations.  Depending on the pattern of random shocks drawn in the particular simulation, the optimal policy will significantly outperform or underperform its long-run potential.  Moreover, the optimal policy will at times produce results that are worse than what would have taken place with no intervention at all.


In my classes, students have been initially puzzled by this result.  In trying to understand how the optimal policy can actually make matters worse, one student came up with an especially sharp analogy to Blackjack (or “Twenty-One”).
  Most students know that the best strategy is to “hit” when holding cards that total 12; unless the next card is a face card or a 10, the hand will be strengthened by an additional card.  Of course, a little less than one-third of the time one of the unwanted cards is drawn and the hand is a “bust”.  Having experienced such disappointment, should the original strategy be abandoned?  Students readily recognize that revising the strategy to “hold” on 12 would only increase the odds of losing.  In a world with uncertainty, strategies must be evaluated over the long-term without regard to anecdotal experience.
Orphanides (2002) provides a good basis for a discussion of this issue in the context of counter-cyclical policy.  The 1970s were an especially disappointing period for the Federal Reserve as inflation spiraled out of control despite high levels of unemployment.  By contrast, the Fed’s track record from the mid-1980s through the mid-1990s was much better.  Researchers have found that Fed policy during this “good policy” period is well approximated by a simple “Taylor Rule” in which the federal funds rate is set as a linear function of inflation and deviations from full-employment GDP.  (This rule is proposed in Taylor 1993.)  Orphanides asks a simple question: How would Fed policy have been different had the Taylor Rule been applied during the 1970s?  Surprisingly, he concludes that the 1970s Fed was already essentially following the same policy pursued by its future counterpart.  According to Orphanides, the reason that inflation became such a disastrous problem in the 1970s is that the Federal Reserve had poor data.  In particular, because estimates of the level of unemployment associated with no change in inflation (the nonaccelerating inflation rate of unemployment or NAIRU) consistently fell short of the true value, the 1970s Fed believed it was observing extraordinarily high rates of unemployment and so pursued over-expansionary monetary policy.  The interesting conclusion of Orphanides’ article is that a modern Taylor Rule would have produced exactly the same misguided policy given the available information.  
What can we make of these findings?  Although the dominant issue in Orphanides’ paper is erroneous data and not uncertainty, the application to strategy evaluation is very similar.  In the simulation, we know that the optimal policy is in some sense the best possible strategy.  And yet in any given time period, the optimal policy may underperform and even make matters worse.  Similarly, the knowledge that a Taylor Rule-like policy could lead to a poor performance such as the 1970s cannot by itself motivate us to discard the strategy.
The Value of 20/20 Foresight

If one thing is certain, it is that the simulation should raise frustrations about the lack of information facing policymakers.  Despite unrealistic knowledge of the economy’s workings and the effects of government intervention, much output variance remains unavoidable.  If only it were possible to know something about future shocks before they had an impact!  Of course, it is precisely because accurate forecasts have such value that the Federal Reserve Board employs roughly 200 economists (not to mention the more than 100 economists employed by the Federal Reserve branch banks).  In addition to estimating sophisticated econometric models, many Board economists keep in contact with business leaders so that the Fed knows about business plans to expand or contract production in advance of these events.  Clearly, such foreknowledge can improve the efficacy of counter-cyclical intervention.  

It is easy to revise Table 1 to reflect such forecasting.  Suppose that through effective forecasting the government is able to predict x percent of the shock p periods ahead where p>n.  Because the government is able to predict this portion of the shock in time to implement an offsetting policy intervention, the government is able to eliminate entirely that portion of the shock that was forecasted.  In total, the government can mitigate 100*x percent of output variation through pre-emptive intervention plus 100*φ2n percent of the remaining variation through reactive counter-cyclical policy.  In total, the government eliminates 100*x + 100*(1​​–x)*φ2n percent of the total variation in economic output.  Clearly, as forecasting improves and x increases, the potential for successful counter-cyclical policy grows.
It may be more realistic to assume that the government’s foreknowledge of shocks does not extend this far into the future.  Suppose instead that the government is able to predict x percent of the shock p periods ahead where p<n.  In this case, the government’s knowledge of the shock is too late to eliminate fully the forecasted portion.  Rather, the government’s forecasting effectively reduces the government lag time by allowing counter-cyclical policy responses to precede economic shocks by p periods: In essence, the lag is reduced to n-p.  When this is the case, the optimal policy eliminates x*100*φ2n-p + (1​​–x)* 100*φ2n.  This formula summarizes what students should find intuitively clear: The sooner we know of a shock, the greater the degree to which counter-cyclical policy can mitigate its effects.​​
CONCLUSIONS

Upon first encountering macroeconomic models, undergraduate students often lose sight of the simplifying assumptions that make those models so powerful.  Sterile curve shifting replaces the messy realities of fiscal and monetary policy leaving students with an unrealistic understanding of the challenges inherent to counter-cyclical interventions.  I demonstrate the challenges to counter-cyclical interventions by re-introducing just a small portion of reality’s complexity in a simulated Keynesian economy.  
While playing the simulation, students discover three especially powerful lessons.  First, limited information combined with policy lags significantly reduces the potential for government intervention to mitigate business cycles.  For instance, with policy lags as short as 6 months, roughly three quarters of business cycle variation persists even after optimal policy variation.  Although economists view a one-quarter reduction of the business cycle as quite large, this realization is sobering to many undergraduate students whose thoughts of economic stabilization are as clean as shifting out an expenditures curve.  
Of course, the potential benefit of counter-cyclical policy is directly related to the degree of persistence in economic fluctuations.  Seeing and experiencing the dramatic reduction in policy potential helps students to understand better why economists debate so energetically over the speed at which the economy self-equilibrates.  Even if the economy is at times out of full-employment equilibrium, unless deviations are highly persistent the potential benefits of optimal counter-cyclical intervention are quite limited.  Given the possible harms of inappropriately implemented counter-cyclical policy (as in the political business cycle), no intervention may be safer policy if deviations are only modestly persistent.
Finally, students gain insight into the difficult task economists face in policy evaluation.  In a world without economic shocks we might quickly assess the efficacy of a policy strategy by measuring the resulting change in economic outcomes.  However, in the uncertain world we actually live in even optimal policies may worsen economic performance in a particular period.  In the long run optimal policies substantiate their effectiveness, but the long run can be quite long indeed and certainly can extend beyond a particular president’s or Federal Reserve Board Chair’s tenure.  This realization tempers students’ eagerness to draw wide-ranging conclusions based on what amounts to anecdotal evidence.
Appendix A: Example Student Lab Guide 
Getting to Know the Simulated Economy

This lab guide leads you through a simulation of counter-cyclical policy.  The simulation models deviations from full-employment GDP.  (You should now be thinking, “This simulation must be Keynesian in essence because Classical models presume we are always at full-employment levels of output.”)  To clarify several challenges to effective policy, you will be given one enormous advantage over real world policy makers: you will know with certainty how the economy evolves over time.  What is more, the simulated GDP process is much simpler than reality.  (As you do this lab, always keep in mind that this simulation is a gross simplification of the real world created solely for the purpose of learning some lessons about counter-cyclical interventions.)  The simulation presumes that if the economy is above (below) the full-employment level in one period it is more likely to be above (below) full-employment the next period.  We call this characteristic “persistence”.  The degree of persistence determines how quickly the economy returns to full-employment levels.


In addition, we allow our economy to experience random shocks.  For one example, Hurricane Katrina ruined many businesses resulting in a large surge in unemployment.  For a second example, a downturn in business sentiments leads to substantial layoffs.  The random shock combined with the persistent portion of GDP deviations determines the level of GDP in any given period.  In mathematical terms we write





Yt = φYt-1 + εt




    (A1)
where Yt is the deviation of GDP from its full-employment level at time t (GDP t ​​–GDPFE), φ captures the persistence of GDP deviations, and εt represents the random economic shocks.  What we would like is for GDP to always be at the full-employment level, which means Yt = 0.  When it is above this level, inflation ensues; when below this level, unemployment results.

To see how the persistence parameter φ affects the speed of economic recovery, consider a very special circumstance.  Suppose the economy experiences a shock of ​​–1 (a one percent reduction in GDP relative to the full-employment level) at time t = 0 and no other shocks.  (εt = 0 for all t not equal to 0.  See Figure A1.)  How does the economy evolve after this recessionary shock?  

[Place Figure A1 Here]
In Table A1, work out the first 10 periods of economic recovery when φ = 0.9 and 0.5.  The first three blanks are completed for the case of φ = 0.9.  Because the economy has experienced no shocks up to time 0, the economy is at full-employment (Y = 0) leading up to the shock.  At time zero, the shock reduces GDP by one percentage point: Y0 = ​​–1.  In the next period, only a portion (90 percent in the case of φ = 0.9) of this shock remains and so Y1 = 0.9 * Y0 = 0.9 * ​​–1 = ​​–0.9.   Similarly, at time t = 2 only 90 percent of the deviation at time 1 remains and so Y2 = 0.9 * Y1 = 0.9 * ​​–0.9 = ​​–0.81.  Please fill in the remainder of Table A1.

[Place Table A1 Here]

What is the effect of increasing the persistence parameter? _______________________

______________________________________________________________________
Of course, random shocks hit the economy in each and every period.  When GDP is higher than the full-employment level, for instance, it does tend to remain above full-employment, returning slowly back to the long-run equilibrium.  However, additional shocks may push GDP higher still or a recessionary shock may pull GDP below the full-employment level.  Figure A2 shows one simulated experience.
[Place Figure A2 Here]

Government Intervention

Because the deviations from full employment are persistent, counter-cyclical interventions can reduce the magnitude of the inflationary and recessionary cycles.  Of course, if the government could respond to shocks as they occurred then we could perpetually maintain full employment without inflation by setting the government intervention (which we will call G) equal in size to the shock but of the opposite sign: Gt = ​​–εt. 

There are three reasons this is not possible.  First, the government does not know the shock before it takes place.  For instance, it can take as long as six months to determine that a recession has ended.  Next, it can take considerable time for the government to decide how to respond to a shock once it is identified.  (This is especially true of fiscal policy, which often follows lengthy legislative debate.)  Finally, even after a policy is enacted, the effects may take months to be realized.  In the simulation, these policy lags are captured by a lag between the time you choose to intervene and when that intervention is felt.  For instance, if the lag is three periods then a decision at time t = 10 to implement a stimulus of 10 percent (an enormous intervention!) will raise the level of GDP at time t = 13 by 10 percent above that which would have occurred in the absence of intervention.  (Note that here, too, your task is much simpler that that of real policymakers who must grapple with uncertainty in the size and timing of the effects of interventions.)  Because only a portion of GDP deviations persists from one period to the next, the effects of government intervention decay over time. Figure A3 graphically shows the effect of this hypothetical intervention assuming no other interventions take place.

[Place Figure A3 Here]

Your job is to intervene in the economy so as to keep it as close to full-employment level as possible.  (That is, keep the deviations as close to zero as you can.)  To begin, create a hypothesis about how your intervention strategy should respond to the size of the persistence parameter.  For example, how would your intervention strategy change if the persistence parameter were 0.9 as opposed to 0.5? __________________________________________________________________

__________________________________________________________________

__________________________________________________________________

(Note: Your strategy need not be a formal equation at this point.  A simple, clear rule of thumb that guides your interventions is sufficient.)
Now create a hypothesis about how your intervention strategy should respond to the length of the policy lag.  For example, how would your intervention strategy change if the lag were three months as opposed to 12 months? _________________________

___________________________________________________________________

___________________________________________________________________

Experiments with the Simulation: Getting Started

Now it is time to try out your ideas and to explore several other issues using the simulation.  At www.people.carleton.edu/~ngrawe/simuls.htm you will find a link to the simulation.  Download the file to your computer and open it in Excel®.  When the pop-up window asks, choose to “Enable Macros”.  You should see a window that looks like the one in Figure A4.
[Place Figure A4 Here]

To begin the simulation, enter a value for the persistence parameter and for the lag length.  Then click “Start Trial”.  Now your screen will look something like Figure A5.
[Place Figure A5 Here]

In each simulation, the economy begins at full-employment GDP at time t = 0.  In periods one to 48, you have an opportunity to intervene with a government stimulus.  The history of the economy’s progress since time 0 is presented in the graph; the precise current percentage deviation from GDP is presented just to the left of the graph.  To get a feel for how the economy behaves without intervention, play the simulation several times entering a stimulus of zero in each time period.  Try several different persistence parameters to get a feel for how this parameter alters the length of inflationary and recessionary episodes.
Exercise #1: The Political Business Cycle
Most students begin with a strategy that sets the government intervention at roughly the same magnitude as the deviation from full-employment but of the opposite sign: Gt = ​​–Yt.  Set the lag to three months and the persistence parameter to 0.7 and play the game two or three times.  

a)  What pattern emerges from this strategy? __________________________________
______________________________________________________________________

b) Why do you think this is happening?  (Hint: Pay attention to your past government interventions—especially what you did exactly three periods before.) _____________________________________________________________________
______________________________________________________________________

______________________________________________________________________

c) How, if at all, does this suggest you need to revise your intervention strategy? _____

______________________________________________________________________

Exercise #2: The Role of Policy Lags

At the end of each round of play, the simulation will take you to a “Results Summary” page that looks like Figure A6.
[Place Figure A6 Here]

The upper left graph shows how your interventions changed the economy’s path as compared with what would have taken place with no interventions.  The upper right compares the laissez-faire experience with what would have happened under an optimal strategy—that is, a strategy that minimizes the long-run variation in output.  Finally, you can compare your interventions with the optimal interventions and your economic performance with that of the optimal strategy in the lower two graphs.  

In addition to these graphs, at the bottom of the page the results summary gives you three statistics.  The first shows the percentage by which you reduced output variation during the course of the simulation relative to what would have occurred without intervention.  (In this example, a negative value means that you actually increased GDP variation.  Oops!)  The second provides the same information for the optimal strategy.   The final line reports the percentage by which the optimal strategy reduces output variation in the long run (if you pursued this strategy forever).

For this exercise, set the persistence parameter at 0.7.  Following your revised intervention strategy, play the simulation several times with lags of 3, 6, 9, and 12 months.  Each time you play, record the actual and long-run performance of the optimal strategy in Table A2.  
[Place Table A2 Here]

a) How does the long-run potential of optimal policy vary with the length of the policy lag? ____________________________________________________________________
b) Why do you think that is? ________________________________________________

________________________________________________________________________

c) Why does the actual performance of the optimal policy differ from the long-run potential? _______________________________________________________________
________________________________________________________________________

________________________________________________________________________

d) In the 12 or more simulations you played, it is likely you saw at least one experience in which following the optimal strategy would have actually increased variation in GDP.  How could it be that following the optimal policy could actually make things worse? ________________________________________________________________________
________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

e) How, if at all, do you want to wish to revise your intervention strategy? ____________

________________________________________________________________________

________________________________________________________________________
Exercise #3: The Role of Economic Persistence

For this exercise set the lag to three months.  Following your revised intervention strategy, play the simulation several times with a persistence parameter of 0.9, 0.7, 0.5, and 0.3.  As you play, record the actual and long-run performance of the optimal strategy in Table A3.  

[Place Table A3 Here]

a) How does the long-run potential of optimal policy vary with the size of the persistence parameter?  _____________________________________________________________

_______________________________________________________________________
b) Why do think that is? ___________________________________________________

________________________________________________________________________

c) Circle the appropriate word in the following sentence: A high degree of persistence is like a long / short policy lag length.  Explain why you think this is the case.___________

______________________________________________________________________

______________________________________________________________________

d) How, if at all, do you want to wish to revise your intervention strategy? ____________

________________________________________________________________________

________________________________________________________________________

Exercise #4: Deriving the Optimal Policy


In the introduction it was noted that the government would like to respond to shocks as they happen, setting Gt = ​​–εt.  But in real life, as in the simulation, policy lags prohibit policy that is quite this timely: government action today affects the economy n periods hence.  This exercise will help you to figure out the optimal intervention strategy in the context of this simple simulation.
Setting the Intervention Given Knowledge of Today’s Shock

a)  Look back at Exercise #1.  Suppose I told you that the persistence parameter was 0.7 and the policy lag was 3 months.  Then what fraction of today’s shock would still be around by the time government actions taken today are felt in the economy three moths hence? _____________

b)  Write the general formula (as a function of the persistence parameter and the lag length) you used to come up with this answer: _______________________________


c)  Suppose today you know the random shock to the economy equals ​​–1.0.  If the persistence parameter is 0.7 and the policy lag is 3 months, then what intervention should you make today?  (Hint: Look at your answer to part a) above.) ____________

d) Write the general formula (as a function of the persistence parameter, the lag length, and the size of the current shock) you used to come up with this answer: _____________________________________________________________________

Determining the Size of Today’s Shock
e) Suppose you are in the first period of the simulation.  You know that no government intervention has taken place before this period.  You also know that the economy was at full-employment (i.e. Y = 0) just last period.  If the economy today deviates from full-employment GDP by exactly ​​–1.0 percent, then how large must today’s shock have been? ________________


f) Now what if we are in the middle of the simulation.  You have not intervened in the economy yet.  You see that today’s GDP deviation is ​​–2.05 and last period’s deviation is ​​–1.5.  If the persistence parameter is 0.7, then how large must today’s shock have been? _________________


g) Write the formula (as a function of GDP deviations today and last period and the persistence parameter) you used to come up with this answer. ___________________________________________________________________


h) Suppose the policy lag is 3 periods.  Suppose I also told you the five most recent interventions (beginning with last period’s intervention) were 1.3, 0.7, 1.0, –0.4, and –1.2,
How does that change your answer to part f) above?  Why? ________________________

_______________________________________________________________________

_______________________________________________________________________


i) Rewrite the formula in part g) above to show how to find the current shock given knowledge of GDP deviations today and last period, the persistence parameter, and past government interventions.______________________________________________

_______________________________________________________________________

The Optimal Policy

j) Look at your answers to part d) and i) above.  Combine them to create a formula that represents the best intervention policy today based on the GDP deviation today and last period, the persistence parameter, the length of the policy lag, and past government interventions. _________________________________________________

_______________________________________________________________________
Appendix B: Deriving the Optimal Policy
To construct the optimal policy, consider again process (2): 

Yt = φYt-1 + Gt-n +εt.  The optimal policy chooses {Gt} so as to minimize the variance of Y.  If the lag were only one period, the optimal intervention can mitigate all but the contemporaneous shock by setting Gt = ​​–φYt-1.  The resulting process



 


Yt = φYt-1 ​​– φYt-1 + εt



(B1)






    = εt
 is white noise with variance σε2.  

More interesting and realistic results obtain when n > 1.  The optimal policy must first calculate the size of the most recent shock using information about current GDP, last period’s GDP, and past government intervention.






εt = Yt ​​– φYt-1 ​​– Gt-n 



(B2)

Knowing that only φn percent of this shock will remain n periods from now when the intervention takes effect, the government intervenes according to






Gt = ​​–φn(Yt ​​– φYt-1 ​​– Gt-n).


(B3)
Iteratively substituting the optimal intervention (B3) into the GDP time series (2) results in an infinite autoregressive process

Yt = φYt-1 + 
[image: image1.wmf]å
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i

 (​​–φn*iYt-n*i + φn*i+1Yt-n*i-1).

(B4)
Hamilton (1994) shows that the variance of this infinite autoregressive process is approximated by the (1,1) element of 


[image: image2.wmf]1

2

)]

(

2

-

Ä

-

[

s

F

F

I

p





(B5)

where 
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θi is determined by the autoregressive coefficients in (B4), and p →∞ (p. 59).  

A neater solution is made possible by considering what is left over once the optimal intervention is implemented.  Equations (B2) and (B3) show how the government uses knowledge of Yt, Yt-1, Gt-n, the persistence parameter φ, and the lag time n to entirely offset any of the current shock εt shock persisting n periods into the future.  It is only between the current period and n periods in the future that the effects of the shock cannot be mitigated.  From this, it is then clear that at time t the economy will deviate from full-employment GDP according to shocks experienced in periods t, t-1, …, and t-n+1
Yt =  εt + φεt-1 + φ2εt-2 + φ3εt-3 + … + φn-1εt-n+1 .

(B6)


It is easy to then compute the variance of this process: σε2*(1 ​​– φ2n)/(1 ​​– φ2).  And the percent of the variance in Y mitigated by the policy is 100* φ2n.
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TABLE 1. The Maximum Percentage Reduction of Output Variance as a Function of Policy Lag Time and Disturbance Persistence

	
	Policy Lag Time

	Disturbance Persistence
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0.1
	1.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	0.2
	4.00
	0.16
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	0.3
	9.00
	0.81
	0.07
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00

	0.4
	16.00
	2.56
	0.41
	0.07
	0.01
	0.00
	0.00
	0.00
	0.00

	0.5
	25.00
	6.25
	1.56
	0.39
	0.10
	0.02
	0.01
	0.00
	0.00

	0.6
	36.00
	12.96
	4.67
	1.68
	0.60
	0.22
	0.08
	0.03
	0.01

	0.7
	49.00
	24.01
	11.76
	5.76
	2.82
	1.38
	0.68
	0.33
	0.16

	0.8
	64.00
	40.96
	26.21
	16.78
	10.74
	6.87
	4.40
	2.81
	1.80

	0.9
	81.00
	65.61
	53.14
	43.05
	34.87
	28.24
	22.88
	18.53
	15.01
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FIGURE 1. Initiating the simulation.
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FIGURE 2. The user interface during play.
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FIGURE 3. The results summary page.
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FIGURE 4. Typical results of a political business cycle. 
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FIGURE A1: Example of a one-time, recessionary shock.
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FIGURE A2. A typical experience without intervention.
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FIGURE A3. The impact of a 10 percent government intervention at time t = 10 with a lag of three periods.
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FIGURE A4. The simulation before you begin to play.
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FIGURE A5. Your first move.
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FIGURE A6. The results summary page.

TABLE A1: The Response of GDP Deviations to a One-Time Recessionary Shock 
under Two Different Levels of Persistence
	Time
	φ = 0.9
	φ = 0.5

	0
	​​–1
	

	1
	​​–0.9
	

	2
	​​–0.81
	

	3
	
	

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	

	9
	
	

	10
	
	


TABLE A2. The Performance of the Optimal Policy as the Policy Lag Changes: 
Percentage by which Optimal Policy Reduces Output Variation 
	
	3-month lag
	6-month lag
	9-month lag
	12-month lag

	Long-run 
	
	
	
	

	Actual play #1
	
	
	
	

	Actual play #2
	
	
	
	

	Actual play #3
	
	
	
	


TABLE A3. The Performance of the Optimal Policy as the Persistence Parameter Changes: Percentage by which Optimal Policy Reduces Output Variation 
	
	3-month lag
	6-month lag
	9-month lag
	12-month lag

	Long-run 
	
	
	
	

	Actual play #1
	
	
	
	

	Actual play #2
	
	
	
	

	Actual play #3
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� This paper is arguing neither that markets are perfect nor that they systematically fail.  Rather, the simulation assumes that markets fail in order to explore issues surrounding the implementation of counter-cyclical policy rationalized by models of market imperfection.  It should be emphasized that the simulation models macroeconomic outcomes and not the macroeconomy and so it not intended to provide any particular insight into the foundations of macroeconomics per se.  Moreover, the model presumes a very simple process for GDP deviations—a process far simpler than actual GDP movements.  These simplifying decisions focus attention on the goal of the simulation, which is to provide students useful insights into policy interventions, but students should be warned not to take this model literally.


� Moreover, the stable nature of the AR(1) process dictates that the simulated economy always reverts back to the full-employment equilibrium.  As such, the simulation is not suited to discussions of multiple equilibria or “bad” equilibria.


� It is easy to see how uncertainty about economic responsiveness to stimuli will affect the results of the simulation.  Suppose the effect of a policy with intended effect G actually produces effect G+u where u is a random variable with variance σu2.  If u is independent of the shock to the economy ε and of the size of the intended intervention G, then the economy is of the same form as described here except with a larger shock variance = σu2+ σε2.


� While in reality government interventions have effects in multiple periods, this simplifying assumption has no loss of generality.  Because the government knows its past interventions, effects on periods other than t+n are easily “undone” with offsetting intervention.


� Appendix A includes an example lab guide that students may follow while working with the simulation.


� It should be noted that the reference point is an economy without any intervention.  Assuming monetary and fiscal policies are already crafted to mitigate recessions, the degree to which the current economy could be improved upon is much smaller.  However, Romer (1999) summarized changes in the severity and frequency of business cycles over the 20th century (or lack thereof) suggesting that current policy may leave much to be accomplished in mitigating recessions.


� I thank Andrew Evans for this contribution.
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