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One of the biggest challenges of teaching macroeconomics to undergraduate students is 
bridging the gap between intermediate and modern micro-founded macroeconomic models. 
Model simulations help by allowing students to experiment with the model results without 
fully solving the model. Some modern macroeconomic models can be simulated in Excel, 
accommodating students with a limited programming background. For example, Hokari et al. 
(2007) simulate a simple real business cycle model in Excel. I correct their simulation method, 
provide a model simulation workbook, and provide a lesson plan to evaluate how well the real 
business cycle model fits business cycle facts.
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1. Introduction

	 A longstanding problem when teaching an advanced undergraduate macroeconomics 
class is bridging the gap between models traditionally taught in intermediate macroeconomics 
and modern micro-founded models without overwhelming students with technical details 
(Erekson, Raynold, & Salemi, 1996). For example, real business cycle (RBC) models explain 
macroeconomic fluctuations as the result of economic agents maximizing their lifetime utility 
subject to resource and production constraints. This emphasis on micro-foundations is in sharp 
contrast to models traditionally taught in intermediate macroeconomics, such as the IS/LM 
model, but the understanding of micro-foundations aids in understanding of other modern 
macroeconomic models (Froyen, 1996). 

	 Model simulation is one tool that makes macroeconomic models more accessible to 
those without a technical background. While many simulations are performed in MATLAB or 
other software that require additional coding experience, Hokari et al. (2007) simulate a simple 
RBC in Excel with no add-ins. While this simulation makes the model accessible to students with 
little technical knowledge, several errors in the published solution stymie its use. In this paper, I 
describe the model and provide a corrected Excel simulation. The RBC model allows economists 
to study business cycles using a micro-founded dynamic stochastic general equilibrium (DSGE) 
model that generates simulated macroeconomic data comparable to actual data (Rebelo, 
2005). I also provide a lesson plan to guide students through a simulation of the real business 
cycle model to evaluate how it fits business cycle facts. The lesson plan also includes examples 
of one-time and permanent technology shocks, as well as the effects of a one-time capital loss, 
such as from natural disasters.

	 This paper contributes to the literature on the modernization of the undergraduate 
macroeconomics curriculum through integrating DSGE models. The model and lesson plan 
are useful for undergraduate students who can work with the Excel simulation without 
programming or extensive mathematical preparation, and for advanced undergraduate and 
master’s students who can also derive the solution of the approximation. They can be used 
alongside intermediate macroeconomics textbooks and curricula that include real business 
cycle models, such as Williamson (2018), and Garín, Lester, and Sims (2021). While Barreto (2016), 
and Bongers, Gómez, and Torres (2021) provide Excel simulations of several macroeconomic 
models, including some dynamic models in the latter case, this simulation and lesson plan 
demonstrate the fit of the RBC model to business cycle facts. This fit is important, because it has 
been a key metric for evaluating modern business cycle models (Kehoe, Midrigan, & Pastorino, 
2018). The lesson plan includes a definition sheet to introduce students to methods for finding 
business cycle facts and evaluating the model’s fit to them, including detrending data with 
the Hodrick-Prescott (1997) filter, the first order autocorrelation of variables, and the relative 
standard deviation of variables.

	 This paper introduces the model and lesson plan. The lesson plan and Excel simulation 
book are included as supplementary materials. Section 2 of this paper introduces the RBC model 
and the Excel simulation, while the full approximation details, including corrections to Hokari 
et al. (2007), are in the Appendix. Section 3 discusses the lesson plan and student worksheet, 
and Section 4 concludes the paper.

2. Model and Method in Excel

	 Hokari et al. (2007) approximate the solution to a simple real business cycle model by 
linearizing around the model’s steady state and then using a method by Farmer (1999) to solve 
the resulting system of linearized equations. The model is given below, and the details of the 
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solution method are in the Appendix. 

Output in the economy  follows a Cobb-Douglas production function in capital  and 
labor :

(1)				  
α α α .

Productivity  follows a stochastic process defined by: 

(2)				    ρ ϵ ρ . 

The productivity shock, ϵ , is an identically distributed shock drawn at the beginning of each 
period  that follows ϵ σ . Initial capital  and initial productivity 
ϵ  are known.

Hokari et al. (2007) solve a social planner’s problem for a plan that maximizes the expected 
lifetime utility evaluated at time 0 of people in the economy: 

(3)				    β γ

subject to: 

(4)				    δ .

Consumption in time  is , the discount factor β is between 0 and 1, and γ . Their method 
approximates the model’s solution by linearizing it around its steady state. The corrected 
solution, summarized by equations (A12)-(A17) in the Appendix, expresses the deviation of 
model’s control variables  and period  shock  from their steady state as a 
linear function of the deviation model’s state variables from their steady state, where variables 
with a hat are the fraction deviation of each variable from its steady state (eg.  ). 
Assuming the economy is at its steady state at time , the solution allows simulation of 
impulse responses of model variables with a productivity shock at time  and an economy 
simulation with productivity shocks in each period by simulating ϵ .

The simulation in Excel is constructed by first inputting the values of model 
parameters in an Excel workbook (cells B2-B8 in the workbook in the supplementary 
materials). Model parameters are set at the same values as in King and Rebelo (1999) 
α β δ ρ σ . Second, the steady-state values 

of macroeconomic variables are calculated from the parameter values (cells D3-D11). Third, the 
individual entries of  and λ  from the model’s solution are computed from the other 
values (rows 13-25 in the workbook). Fourth, if simulating the model with productivity shocks 
each period, the shocks are drawn starting at  (column K of the “Economy Simulation 
Calculations” sheet starting at row 31)1. Fifth, initial time 0 capital, and all other variables, are 

1 Two issues with the default Excel random number functions are that they lack a fixed seed and generate new 
draws whenever the sheet updates. I use the Park-Miller (1988) linear congruential random number generator 
instead of these functions to ensure that the results are replicable given an initial seed. The algorithm generates 
a sequence of random numbers  using  where  is the multiplier and  is the 
modulus. I use common values  and . The values can be converted to 
draw from an approximately uniform distributed random variable that I define as  by dividing  by the modu-
lus . 
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set at their steady-state levels (row 30). Finally, deviations of model variables from their steady 
state at each t are calculated (columns C-J starting at row 31) for each of the 1,000 periods of 
the simulation. The simulation results graphs display the deviation of macroeconomic variables 
for the first 100 periods.

3. Lesson Plan and Worksheet

	 The lesson plan in the supplemental material guides students to examine how well 
the real business model explains business cycle facts using a simulation of the RBC model 
from the Excel workbook. Its intended audience is advanced undergraduate or graduate 
macroeconomics students who would like to work with the RBC model simulation without 
needing substantial programming experience. Substantial mathematical preparation is not 
necessary to understand the simulation results, but advanced undergraduate or master’s 
students with preparation in calculus, dynamic optimization, and linear algebra would benefit 
from the details of the approximation in the Appendix.

	 The goal of this lesson is to show how the RBC model fits facts about business cycles. 
Instructors introducing the RBC model should use the model in Section 2 of the main text as 
a basic example. Then, they need to introduce business cycle facts from the RBC literature as 
studied using the Hodrick-Prescott (1997) filter. The filter decomposes time series data into 
a smooth trend component and a cyclical component. Isolating the cyclical component of 
macroeconomic time series allowed them to study the characteristics of business cycles and 
the relationships among macroeconomic variables. As summarized by Rebelo (2005), the most 
important of these facts are:

1.	 Investment is about 3 times more volatile than output.

2.	 Nondurable consumption is less volatile than output.

3.	 Hours worked and output are similarly volatile.

4.	 Almost all macroeconomic variables are strongly procyclical.

5.	 There is substantial persistence in macroeconomic variables.

Students simulate the RBC model and then evaluate the simulation’s ability to fit the above 
business cycle facts through results’ relative standard deviation, correlation between variables, 
and the first order autocorrelation of variables. The definition sheet includes information 
about each of these statistics, a brief description of the Hodrick-Prescott filter used to detrend 
the macroeconomic data before determining the business cycle facts, and a description of 
procyclical and countercyclical economic variables.

	 While the typical simulation captures most of these facts, it may fail to generate sufficient 
volatility in hours, which instructors could use to motivate the discussion of the indivisible labor 
extension of Hansen (1985) where this volatility is a central issue. 

	 The lesson plan also includes three shocks and changes that can be modeled using 
impulse responses shown on the Impulse Response Main Results sheet. First, the sheet’s default 
setting is a temporary negative 1% shock to productivity. This shock illustrates the framework’s 
explanation of recessions as the efficient response of individuals and households to a disruption, 
such as bad weather, supply disruptions, or regulatory changes, that temporarily hurts 
productivity. Recessions in this model are deteriorations in productive capacity, not failures of 
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demand or financial disruptions, and stabilization policies in simple extensions are inefficient 
since firms and households optimally respond to unavoidable losses without stabilization. 
Second, a one-time capital loss can be modeled on the Impulse Response Main Sheet by 
adjusting the initial capital stock in the Impulse Response Calculations sheet. A capital loss is a 
common method to model the effects of a natural disaster on the economy (Hallegatte & Ghil, 
2008). The capital loss simulation shows that the disaster stimulates investment and output, 
while reducing consumption, during the recovery back to the economy’s steady state. Third, 
immediate or gradual increases in technology that lead to a permanent increase in productivity 
can be modeled through adjustments to the productivity shock or productivity in the Impulse 
Response Calculations sheet. This exercise shows the pattern of increased investment that 
occurs as the economy transitions to the new steady state.

	 It may seem that students without strong mathematical preparation would struggle 
with the simulation because of the technical level of the proof, but I have not found that to be 
the case. I teach this RBC model in an advanced undergraduate macroeconomics class that has 
prerequisites of intermediate macroeconomics and one semester of calculus. The goal of the 
class is to explore macroeconomic schools of thought and their views on monetary and fiscal 
policies with the IS/LM model from intermediate macroeconomics as a starting point. I do not 
believe it is wise to proceed directly from the IS/LM model to this RBC model since the simulation 
approach by itself would leave out important intuition and concepts needed to understand the 
results. Students need to understand the concepts of dynamic models and steady states, but 
these concepts do not need micro-foundations to be introduced. For example, the Hansen-
Samuelson multiplier-accelerator model (Samuelson, 1939) and the Cagan (1956) hyperinflation 
model can introduce students to dynamic models, stability, impulse response diagrams, and 
steady states. The Fisher two-period model can develop intuition for intertemporal substitution. 
The RBC model was students’ introduction to micro-founded macroeconomic models. Solis-
Garcia (2018) describes successful teaching of undergraduate students using a variety of DSGE 
models with the RBC model as a base since many models used to study labor markets, financial 
frictions, and fiscal policy can be thought of as RBC models with extra features.

	 Critics of real business cycle theory point out that it relies on large productivity 
disturbances to explain fluctuations in employment, relies on the intertemporal substitution of 
leisure to explain employment changes, and trivializes the social cost of economic fluctuations 
(Mankiw, 1989). However, its numerous extensions address its shortcomings and many important 
questions that would motivate additional classroom examples and discussion. For example, 
Merz (1995) and Andolfatto (1996) incorporate labor market search into the RBC model, which 
introduces involuntary unemployment and improves its fit to labor market facts. A discussion 
of sticky prices and sticky wages could lead to New Keynesian models where monetary policy 
can stabilize the economy. McGrattan (1994) evaluates the welfare costs of labor and capital 
taxation in an RBC model with fiscal policy. Backus, Kehoe, and Kydland (1992) extend the RBC 
model to a two-country model to study the correlation of macroeconomic variables across 
countries. Their finding that the actual correlation of consumption across countries is lower than 
the correlation of output compared to the model’s results was identified as a major puzzle in 
international economics by Obstfeld and Rogoff (2000). Kehoe, Midrigan, and Pastorino (2018) 
show that a modern business cycle model, in the form of a simple real business cycle model 
with financial and labor market frictions, can account for the fluctuations in the macroeconomy 
observed during the Great Recession. 
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4. Conclusion

	 Simulations of advanced macroeconomic models, such as the real business cycle 
model, that are accessible to students help make macroeconomic education adaptable to new 
developments, which helps modernize the undergraduate curriculum (Erekson, Raynold, & 
Salemi, 1996). The corrected results show that the real business cycle model can be simulated 
in Excel without macros or add-ins. The lesson plan guides students to use the model to study 
its fit to business cycle facts and to model the effects of productivity shocks, technology 
improvements, and capital losses from events like natural disasters.
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Appendix A:  Calculations for Approximation of Model Solution

	 This section provides details of the solution method provided by Hokari et al. (2007) and 
corrections for their solution. The details are not necessary for undergraduate students who 
study the simulations, but they would be of interest to advanced undergraduate and master’s 
students learning about model solution methods. 

	 The first order conditions of the social planner problem (3)-(4) are given by (A1)-(A4):

(A1)				    β
α

α
δ

(A2)				  
α

δ

(A3)					   
γ α

α

(A4)				    ρ ε .

These conditions lead to the steady state around which they then linearize:

(A5)					   

α

β δ

α

(A6)					   
α

α

γ

(A7)					   
α

δ

(A8)						    

	 A variable with a bar is the steady state of that variable, and a variable with a hat is the 
fraction deviation of that variable from the steady state (e.g. ).

	 The authors proceed with their linearization. First, the authors linearize using (A1)-
(A4) around the steady state (A5)-(A8). They find that labor can be solved in terms of the other 
variables:

(A9)					   
τ ατ τ

ατ γ
,

where τ
α

α

I define τ  above to simplify the notation of (A9). They write the linearized system of equations 
describing the dynamic relationship between consumption, capital, and productivity as: 
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(A10)		

ϵ

.

ϵ

									          .	

Then, the values in A and B are:

̅

α
α

α α
α

γ

α
α

β

α α
α

α α
α

γ

α
α

α α
α

γ

α
α

α α

ρ

β δ α
α β α α

α

α α
α

γ

α
α

β α α
α β α α

α

α α
α

γ

α α
α
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βα
α β α α

α

α α
α

γ

α
α

	 In Hokari et al.,  and  are incorrect, and  is omitted. Bracketed 
terms above highlight the errors. Hokari et al. have an extra α multiplying each bracketed term 
in  and  as a positive term, and they add the bracketed terms in  and . The 
finished Excel sheet output shown in their Figure 6 is replicable using the corrected values 
above. 

	 The authors then use Farmer (1999)’s method to solve the system of equations (A10):

ε

ε

They define:

The eigenvalues of λ , and matrix  of eigenvectors are given by:

λ

λ

λ



12

Popp / Journal of Economics Teaching (2026)

(A11)	

λ
λ λ

λ λ λ
λ λ

Equation (A11) allows a simplification to:

λ
λ

λ

.

This simplification allows:

ε
.

The solution of the linearization is then (A12)-(A15):

(A12)				    .

(A13)				    .

(A14)					     ρ ϵ .

(A15)					     τ ατ τ

ατ γ

.

Equations (A16) and (A17) track the equilibrium wage and rental rate: 

(A16)					     α α α

(A17)					     α α α δ

	 Figure 1 below shows the Excel output for the shock sequence ϵ  as 
presented in Figure 6 in Hokari et al. (2007). Their spreadsheet uses the correct values of the A 
and B matrices since the Excel spreadsheet from this paper using the approximate shock values 
ϵ reported in Figure 6 of Hokari et al. yield the same values of model variables when compared 
to Figure 1:
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Figure 1: Replication of Simulated Model Results from Hokari et al. (2007)

Minor differences between the model results on a few entries are due to the rounding of the 
shock ϵ , so their reported simulation results are correct, but the method details were misre-
ported2.

2 It should be noted that the figure suggests shock sizes in the second column that are too small given 
σ . These shock sizes are consistent with using σ as the shock variance, not the standard deviation. I 
correct the shock sizes in the workbook’s Economy Simulation sheet.
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Appendix B: Real Business Cycle Lesson Plan

	 This lesson plan helps instructors guide students to simulate the real business cy-
cle (RBC) model and helps them evaluate the model’s ability to match business cycle facts. 
Optional extensions in Section E introduce students to impulse responses to one-time and 
permanent shocks, including temporary productivity shocks, permanent productivity shocks, 
and the effects of a one-time loss of physical capital from a natural disaster. This lesson will 
work best as a supplement to discussions of the RBC model where instructors want to devel-
op students’ understanding of the model and its contributions.

A. Materials Needed

•	 Microsoft Excel (No add-ins needed)

•	 The Real Business Cycle Model Workbook

B. Goals and Lesson

	 Students’ goals are to simulate the calibrated RBC model to generate realistic eco-
nomic data and observe how the model matches many business cycle characteristics without 
explicitly targeting them. The main characteristics cited throughout the RBC literature, as 
summarized by Rebelo (2005), are:

1.	 Investment is about 3 times more volatile than output.

2.	 Nondurable consumption is less volatile than output.

3.	 Hours worked and output are similar in volatility.

4.	 Almost all macroeconomic variables are strongly procyclical.

5.	 There is substantial persistence in macroeconomic variables.

	 Instructors should note that the simulation shows deviations of macroeconomic 
variables from their steady state, which are comparable to the business cycle facts calculated 
from the HP-filtered data. The focus of the data and simulations is on the cycle component of 
the macroeconomic variables.

	 Instructors need to introduce or review three tools to show how the simulation results 
match the business cycle facts before continuing with the simulation below:

I.	 Correlation coefficient:  The correlation coefficient between macroeconomic variables 
and output allows students to demonstrate their procyclicality (fact 4).

II.	 First order autocorrelation:  The first order autocorrelation of macroeconomic variables 
allows students to show that there is substantial persistence in macroeconomic vari-
ables (fact 5).

III.	 Relative standard deviation:  The relative standard deviation allows students to com-
pare the variation in the macroeconomic variables to the variation in output (facts 1-3).

The definition sheet below provides students with additional information about these calcula-
tions.
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C. The Simulation

	 The simulation controls and results are in the “Economy Simulation Main Sheet.”  Stu-
dents should choose a positive integer seed between 1 and 2,147,483,647 in cell B2 of the 
“Economy Simulation Main Sheet.3”  This choice sets the random number generator for the 
shocks ϵ  for all 1,000 periods of the simulation and is the only thing that the students need to 
select in the workbook. Once the seed is chosen, the simulation on the “Economy Simulation 
Calculations” sheet automatically updates the simulation outcomes, and the “Economy Simu-
lation Main Sheet” shows graphs of the deviations of main economic variables from trend and 
simulation statistics.

D. Interpreting the Results

	 Students need to interpret the simulation statistics to complete the worksheet. The 
worksheet guides students to choose the statistical measure that describes the relationship 
between the variables in each fact, and the students should use the following measures for 
each fact:

1.	 Investment is about 3 times more volatile than output:  examine the relative standard 
deviation between investment and output.

2.	 Nondurable consumption is less volatile than output:  examine the relative standard 
deviation between consumption and output.

3.	 Hours worked and output are similar in volatility:  examine the relative standard devia-
tion between labor and output4.

4.	 Almost all macroeconomic variables are strongly procyclical:  examine the correlation 
between macroeconomic variables and output.

5.	 There is substantial persistence in macroeconomic variables:  examine the first order 
autocorrelation of macroeconomic variables.

	 Not every simulation will exactly fit every business cycle fact. For example, many simu-
lations have investment 4 or more times more volatile than output, and the volatility of hours 
(labor) is usually lower than output. 

E. Extensions:  Impulse Responses

	 Studying the impulse responses from one-time shocks or permanent changes in the 
economy is another common exercise with this model that helps researchers understand how 
macroeconomic variables change and interact over time, understand the progression of the 
business cycle, and forecast the effects of events. There are several types of shocks that could 
be modeled with the sheet:

•	 Productivity Shock:  The “Impulse Response Main Results” sheet by default shows the 
results from a one-time 1% positive productivity shock in quarter 1 of the simulation, 
and the graphs on that sheet show the responses of macroeconomic variables to these 
shocks. A -1% shock (-0.01 in B2) shows the recessionary effects of a negative produc-

3 Conditional formatting highlights B2 as green when a valid number is in the cell and red if the seed is invalid. If 
students enter a decimal for the seed, it is rounded down to the nearest integer.	
4 Note: “hours worked” here refers to total hours worked across the economy, not the average number of hours 
worked per week, which is a common source of confusion for students.	



16

Popp / Journal of Economics Teaching (2026)

tivity shock.

•	 Natural Disaster:  Suppose that a natural disaster destroyed some of the physical cap-
ital of the country. This disaster could be modeled as a one-time loss of capital in time 

. First, shut down the productivity shock by setting the productivity shock to 0% 
(0 in B2 in the “Impulse Response Main Results” sheet). Then, model the shock in the 
“Impulse Response Calculations” sheet by overriding the capital stock in time  to 
-0.01. The impulse responses on the “Impulse Responses Main Results” sheet update to 
show the economy’s recovery to the steady state after the capital loss.

•	 Permanent increase in technology:  Suppose there is a discovery that leads to a 1% 
increase in productivity in the economy. It can be modeled as a permanent, immediate 
increase to productivity or a gradual increase in productivity with slow adoption of the 
technology. 

	º If the new technology immediately increases productivity, then the change could 
be modeled as a permanent increase in . First, shut down the productivity shock 
by setting the productivity shock to 0% (=0 in B2 in the “Impulse Response Main 
Results” sheet). Then, force the productivity value  to be 0.01 for time  until 
the end of the simulation by replacing cells B31 through B1031 with =0.01 in the 
“Impulse Response Calculations” sheet.

	º If there is a gradual increase in innovation and adoption that eventually leads to a 
1% increase in productivity, then the transition to the new steady state equilibrium 
can be modeled as a permanently higher productivity shock. First, shut down the 
productivity shock by setting the productivity shock to 0% (=0 in B2 in the “Impulse 
Response Main Results” sheet). Then, replace all shocks in column B of the “Impulse 
Response Calculations” sheet from time  to the last period of the simulation 
with ρ  where  is the desired eventual steady state fraction increase in 

 in the economy. For example, to model an increase in productivity such that  
is permanently 1% higher (  eventually becomes 0.01), replace cells B31 through 
B1031 with =0.01*(1-$B$7) in the “Impulse Response Calculations” sheet.
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Appendix C: Real Business Cycle Definition Sheet

Correlation Coefficient:

(1)		

		  :  sample mean of variable  from simulation
		  :  sample mean of output   from simulation

The correlation coefficient is a measure between -1 and 1 that describes the strength and 
direction of the linear relationship between variables and . A value of +1 indicates a 
perfect positive relationship:  as one variable increases, the other also increases proportional-
ly. A value of -1 indicates a perfect negative relationship:  as one variable increases, the other 
decreases proportionally. A value of 0 indicates no linear relationship between the variables. 
In this exercise, the correlation coefficient of  with output examines how closely variable 

 trends over time with output. 

Hodrick-Prescott Filter (and Trend/Cycle Components):  

The Hodrick-Prescott filter is a method to detrend time series macroeconomic variables that 
estimates the long-term trend of the variable and the cycle of the variable around the trend. 
Suppose  is raw, seasonally adjusted real gross domestic product (output) data. Then, the 
filter estimates the long-term trend in output  and the cycle  as:

(2) 					      

Rearranging, the cycle component is:

(3) 					      

In this worksheet, all real economic variables are expressed in terms of their cycle components 
so that positive values mean that the variables are above their long-term trend values, and 
negative values mean they are below their long-term trend values.

First Order Autocorrelation:  

The first order autocorrelation (foc) examines how closely related consecutive values of a time 
series variable are, and it is computed as the correlation coefficient between a variable and its 
one-period-lagged values:

(4)					      

The first order autocorrelation can range between -1 and 1. Positive values closer to 1 indicate 
that a variable was positive in the previous period (above trend in our variables) is likely to 
remain positive in the current period. Negative values closer to -1 indicate that a variable that 
was positive in the previous period is like to become negative (below trend) in the current 
period. Macroeconomic variables are more persistent when the first order autocorrelation 
is positive and closer to 1 since macroeconomic variables that are above trend are likely to 
remain above trend in successive periods and vice versa.
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Procyclical (and Countercyclical):

Procyclical economic variables are variables that move in the same direction as the economy 
typically as measured by output. A variable is procyclical if its cycle component is positively 
correlated with the cycle component of output. A variable is countercyclical if its cycle com-
ponent is negatively correlated with the cycle component of output. 

Relative Standard Deviation:

The relative standard deviation (rsd) of a variable is the ratio of the standard deviation of a 
variable to the standard deviation of a comparison variable:

(5)					     . 

The comparison variable is output  for all relevant comparisons in this exercise. If variable 
 is consumption, then a relative standard deviation less than 1 indicates that consumption 

is less volatile than output, and a relative standard deviation greater than 1 indicates that 
consumption is more volatile than output. A relative standard deviation near 1 indicates con-
sumption is similarly volatile as output.
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Appendix D: Example Worksheet

Seed chosen: ____________________

Stylized Fact Measure(s) Value(s) Fits Fact?
 
Investment 3 Times 
More Volatile than 
Output 

 
Nondurable Consump-
tion 
Less Volatile than Out-
put 

 
Hours Worked and 
Output 
Similarly Volatile 

 
Almost all Macroeco-
nomic 
Variables Strongly 
Procyclical1 

 
Substantial Persistence 
of Macroeconomic 
Variables 

5 Excluding the real interest rate.
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Appendix E: Example Answer Key

Seed chosen: 2

Stylized Fact Measure Value(s) Fits Fact? Why?
 
Investment 3 Times 
More Volatile than 
Output 

 
Relative standard 
deviation between in-
vestment and output

 
3.27

 
Yes, investment 
is just over 3x as 
volatile as output

 
Nondurable Consump-
tion 
Less Volatile than Out-
put 

 
Relative standard 
deviation between 
consumption and 
output

 
0.64

 
Yes, the relative 
standard devia-
tion is less than 1

 
Hours Worked and 
Output 
Similarly Volatile 

Relative standard 
deviation between 
output and labor

 
0.81

 
No, hours worked 
are less volatile 
than output 

 
Almost all Macroeco-
nomic 
Variables Strongly 
Procyclical1

 
Correlation with Out-
put

 
Range from 0.59 to 
0.97

 
Yes, most macro-
economic vari-
ables are strongly 
positively correlat-
ed with output 

  
Substantial Persistence 
of Macroeconomic 
Variables 

 
First order autocor-
relation of simulated 
variables

 
Range from 0.88 to 
just under 1

 
Yes, the first order 
autocorrelations 
are positive and 
close to 1 

⁵ Excluding the real interest rate.


