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?  
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FIGURE A1: Example of a one-time, recessionary shock.

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.

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
	
	


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.
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FIGURE A2. A typical experience without intervention.

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.[image: image3.emf]GDP Deviations With and Without Your 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.
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.
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FIGURE A4. The simulation before you begin to play.

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.
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FIGURE A5. Your first move.

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.
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FIGURE A6. The results summary page.

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.  
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
	
	
	
	


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.  

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
	
	
	
	


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. _________________________________________________

_______________________________________________________________________
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