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ABSTRACT

In this paper, a simple dynamic aggregate demand and supply model is developed as a
useful pedagogical model alongside the usual AD/AS version. Nearly all of the macroeconomic
information the public receives is presented in this rate-of-change form. Using US
contemporaneous, quarterly data from 1980 through 2018, dynamic aggregate supply and
demand functions are theoretically derived and empirically determined using 2SLS regressions.
These real-world results are then used to construct a macro simulation model of the US economy
in Microsoft Excel, which is provided.

The model is built to be easily used in an undergraduate macroeconomics course. It
enables the user to simulate a variety of economic shocks, including changes in the money
supply rates of growth, velocity of money rates of growth, anticipated inflation shocks, and wage
growth rate shocks. The resulting impacts are realistic, having been based on actual US data.
Examples include both a monetary (demand) and wage (supply) shocks as teaching examples.
The Great Recession is also simulated using both supply and demand shocks, with the results of
the model being compared to actual historical data during the Great Recession, allowing for a
more robust in-class example.
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1. INTRODUCTION

It is common to hear concerns raised from the media about the possibility of overheating
economies, which will possibly bring on inflationary pressures; or to encounter puzzlement that
inflation is stubbornly difficult to raise; or to see everyone waiting for the Fed to make its
pronouncements about monetary policy. There is a relationship between inflation and the
economy, but it is not necessarily clear what that relationship is or the strength of the
relationship. Undergraduate economics students are often taught some standard aggregate
demand-aggregate supply models, or some versions of new Keynesian models to help with this.
This paper introduces a tractable dynamic macroeconomic model suitable for undergraduate
economics students to help facilitate a better understanding of macroeconomics. In addition, the
model is calibrated in a Microsoft Excel file to show the short- and long-run implications of
economic shocks. Teaching applications are also provided.

The variables used in the model are purposeful. It is not commonly presented that the
price level is 225.8, instead the news reports state that the inflation rate is 1.7%. Likewise, GDP
is not typically conveyed as $21.6 trillion, but, more commonly what is reported is that GDP
grew at a 2.4% in the third quarter. It seems reasonable, then, especially since most students who
read these books and see these models are non-majors, that the models conform to what everyone
is seeing on a regular basis. Unfortunately, most principles of economics and many intermediate
macroeconomics textbooks use aggregate demand and aggregate supply as the sole pedagogical
tool to show how the macroeconomy responds to fiscal and monetary policies, to show how the
macroeconomy equilibrates, to show how it is impacted by economic shocks, and so on. This
approach has been a pedagogical staple for many years.

Only recently have intermediate texts tended to bring in the dynamics of inflation and
growth rates, although principles texts have still not adopted this pedagogical method. One
recent example of this dynamic approach is Mankiw (2016). Another excellent example is found
in Wuthisatian and Thanetsunthorn (2019), although it is not yet used in a textbook. These
approaches are to be applauded. Still, the model presented here is fundamentally different from
these examples. Mankiw, for instance, uses a five-equation dynamic approach and uses Lucas’s
‘dynamic aggregate supply’ (DAS) curve for the supply side of the model. But his DAS curve is
essentially a Phillips curve, a standard inventory adjustment equation commonly used in supply
and demand models and is not a true aggregate supply function. Moreover, Mankiw’s model is
too advanced for introductory macroeconomics. Wuthisatian and Thanetsunthorn, on the other
hand, use a standard aggregate demand and supply model that incorporates a perfectly inelastic
long-run aggregate supply. With their model, they can introduce exogenous shocks and generate
response movements back toward a new equilibrium. Their model is fairly sophisticated and well
thought out; however, it too is quite advanced and is inappropriate for introductory students.

To meet the delicate requirements that the macro-models use familiar dynamic variables
and while still being simple enough for introductory students, a simulation model is presented
here. It incorporates dynamics in a way that can be taught at the principles or intermediate level
using the provided dynamic aggregate demand (DAD) — dynamic aggregate supply (DAS). The
theoretical foundation is suitable for undergraduate students. The instructor is provided an
instructional tool to facilitate the application of the dynamic aggregate demand/aggregate supply
model into a standard undergraduate macroeconomics classroom. To provide realism, US
quarterly data from 1980 to 2018 were used to derive realistic dynamic aggregate demand and
aggregate supply functions by two-stage least squares (2SLS) regression analysis. Curves
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representing these functions are presented in Microsoft Excel with real GDP growth rates on the
horizontal axis and inflation on the vertical axis. These curves represent the long-run average
positions for the DAD and DAS curves over the 38-year period.

The Excel simulation model is designed to equilibrate at the long-run average positions
for real GDP growth rates and inflation over the past 38 years. Exogenous shocks can be
introduced, automatically generating response functions showing the inexorable march back
toward long-run equilibrium. Specifically, the instructor can illustrate both the short- and long-
run inflation and real GDP growth rate effects of exogenously generated one-time, or permanent
changes in the rates of growth of the money supply, velocity of money, anticipated inflationary
expectations, and nominal wage shocks. For instance, it is simple for the instructor to cover
demand management policies. Fiscal policies shocks (government spending, taxes, etc.) alter the
velocity of money variable in the model, whereas monetary policy shocks are seen through the
money growth rate variable. By simply inputting a positive or negative shock value into the
Excel simulation model, the new long-run equilibrium can be determined for a permanent shock,
or the dynamic short-term fluctuations can be seen from a temporary dampening shock. This
simplicity of use allows for easy incorporation into the classroom. Examples are provided for a
one-time monetary shock, a one-time wage shock, and a simultaneous set of one-time shocks to
mimic the actual behavior of inflation and real GDP growth rates during this century’s Great
Recession. This tool is a primary contribution of this paper and highly useful for teachers of
€conomics.

As an important caveat note that, although the quantitative exposition is based on historical
US data and the model generates actual numbers, those numbers are not meant to be interpreted
as exact figures or projections for the US economy. They should be interpreted only as semi-
realistic approximations of US data, suitable for undergraduate consumption. The accuracy of the
data and omitted variable bias are only a few of the factors that may contribute to potential
inaccuracies in the specific numbers used and generated in the model developed here. However,
the model serves as a benchmark for the analysis sufficient to give students a reasonable feel for
how the economy operates and responds to shocks.

Most of the current literature on the relationship between inflation and GDP growth rates
stems from Barro (1996), who found that, world-wide, inflation is negatively correlated with
growth rates. Many of the countries in his data set had relatively high inflation rates compared to
recent US experience and thus researchers queried whether his result was robust or instead was
sensitive only to high inflation rates. That question touched off a series of papers searching for
turning point rates, or thresholds, of inflation which might still generate the Phillips-like positive
correlations. Most of these studies analyze one or a small number of countries. Some of those
inquiries found supporting negative correlations, such as Bruno and Easterly (1996), Andrés and
Hernando (1999), Khan and Senhadji (2001), Gokal and Hanif (2004), and Ahmed and Mortaza
(2010). But others found either no, or positive correlations between growth and inflation, in
direct contrast to Barro’s findings. For instance, Sarel (1996), Mallik and Chowdhury (2001),
Pollin and Zhu (2006), and Datta and Mukhopadyay (2011), at least at some threshold and all
found positive correlations between growth and inflation. It is evident that the question is still
unsettled.

The paper will proceed as follows. Section 2 will provide the theoretical foundation of the
model and utilize US quarterly data to numerically solve the equilibrium. Section 3 will outline
the supplemental Microsoft Excel file and provide examples of the short- and long-run
implications of different economic shocks. Section 4 concludes.
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2. THE MODEL

2.1 The Dynamic Aggregate Supply and Demand Curves

The model uses the following endogenous variables: inflation, real GDP growth rate,
money supply growth rate, velocity growth rate, nominal wage growth rate, and anticipated
inflation, and incorporates dynamic aggregate supply or demand shocks through exogenous
changes in wage growth, money growth, velocity growth, and anticipated inflation. These
exogenous shocks represent the impacts of many other variables on the economy. For instance,
velocity shocks can come from changes in government spending, changes in taxes, changes in
world trade, etc. anticipated inflation shocks can come from concerns about a recession, a new
government administration, implementation of a higher minimum wage, etc. The instructor has
ample opportunity to discuss how exogenous variables can impact the economy, and then watch
how it impacts it in the simulation model.

To illustrate where the DAS curve comes from, a simple aggregate supply model is
developed below incorporating a linear production function and a labor market. The production
function’s real GDP, Y, is positively influenced by the amount of labor, N. The labor wage
supply curve is positively influenced by labor, price level, P, and expected price level, P¢. Labor
wage demand is negatively related to labor and positively related to the price level. The final
equation is the equilibrium condition.

(1) Y= oay+aN

(2) w® =wy + BoN + B1P + B,P°
(3) w® =w; —yoa;N +y, P

@ ws=wt

Equation (5) is the dynamic aggregate supply curve found by taking logs and multiplying
through by a time derivative of the price level function derived from (1) — (4) above. Appendix A
provides the derivation of the dynamic aggregate supply curve.

(5) P:50+51P€+52Y

The dynamic aggregate supply equation shows that price inflation is a function
of labor market movements and reactions, expected price level inflation, and GDP
growth rate respectively. The dot over the variable denotes a percentage rate of growth.
Using US quarterly data from 1980 until 2018, Table A.1 in Appendix C provides an
initial empirical analysis of the dynamic aggregate supply equation using wage growth
as a proxy for labor market machinations. The results in column 1 (Standard OLS) of
Table A.1 are of the expected sign and each variable is statistically significant.
However, this model does not yet incorporate the aggregate demand side of the
economy. To obtain the aggregate demand side of the model, the dynamic equation of
exchange is introduced, which is derived and linearized by taking the logs of the famous
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equation of exchange and multiplying through by the time derivatives to obtain equation

(6).
6) M+V=P+Y

This dynamic equation of exchange can be used to fully account for simultaneous
changes in inflation and GDP growth rates caused by dynamic aggregate demand
movements, when finding the dynamic aggregate supply curve. Table A.1 in Appendix C
presents a second empirical result utilizing a two stage least squares technique. This
technique allows us to identify which of the curves was moving in order to generate the rate
of inflation or GDP rate of growth. The statistical results are as expected, but the instructor
can point out to the students how different the coefficients are after accounting for, and
controlling for, simultaneous background movements of the DAD. The results in the 2SLS
column will serve as the baseline for the simulation model presented below.

Anticipated price shocks can easily be incorporated into this analysis and will provide a
useful tool when looking at different shocks to the economy. The accompanying Microsoft
Excel file incorporates this possible shock. For example, an anticipated price shock may include
crude oil price inflation as one more component proxy of dynamic aggregate supply. These
results are available upon request, but do not change the fundamental results.

Using the same 2SLS technique to solve for the dynamic aggregate demand curve, which
again is the rate of change form of the equation of exchange, finds statistically significant signs
for the variables as expected. As was the case with finding the DAS curve, the simultaneous
movements of the DAS curve must be accounted for and controlled for in order to obtain the
proper DAD. The results are presented in Table A.2 in Appendix C. The coefficient of
determination is diminished compared to the DAS curve, which is surprising given that the
equation of exchange is an identity (although the dynamic form, DAD, is not). From a theoretical
point of view, the expected results would be a ‘-1’ coefficient for the real GDP growth rate and
unity for both the M2 rate of growth and the M2 velocity rate of growth. The actual results are
close to the values but not exact. The differences can be attributed to many factors including the
use of an intercept, the measurement of GDP and the measurement of the CP1. This empirical
exercise services as a useful approximation of the model.

2.2 Reduced Form Equilibrium

The dynamic equation of exchange (equation 6) is a binding constraint. Solving that
equation for real GDP rate of growth gives

(7) Y=M+V-P

Subbing (7) into (5) generates the reduced-form equilibrium inflation function (8) in
terms of wage rate of growth, inflation expectations, money rate of growth, and velocity rate
of growth.

1
T (1+63)

(8) [80 + 8,P° + 8,(M + V)]
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Subbing (7) into (5) also generates the reduced-form real GDP growth rate function
(9) in terms of the same variables as in equation (8): wage rate of growth, inflation
expectations, money rate of growth, and velocity rate of growth.

.1
©) Y= (1+685)

[M +V — (8, + 6,P9)]

Based on equation (8), inflation should be impacted equally by the rates of growth of

o aP aP . 8
money supply or velocity, i.e. both — and — coefficients are —=— < 1 = ¢. Moreover, the
oM av (1+682)

final GDP rate of growth must be subsumed under the remaining variables, including expected
inflation, which are all supply-side variables and largely negative.

When the preliminary regression was run, ¢ turned out to be roughly 0.19 and was, as
expected, approximately 0.19 for both money and velocity rates of growth. Using 0.19 to solve
for &, above &, should equal 0.234. That is, empirically, with everything held constant, the
expectation is

oP
8, = — = 0.234
FY%

where 6, is the slope of the dynamic aggregate supply curve. This is empirically testable as a
part of the 2SLS regression. As the real rate of GDP rises, &, implies that inflation will rise by
roughly a quarter of the rate of growth of GDP, everything else accounted for. If GDP increases
its rate of growth by a percent, there will be a small corresponding increase of inflation by 0.23%
- again, all else held constant. Regression analysis using simple OLS supports the theoretical
finding above. The empirical representation of the dynamic aggregate supply curve shows all
statistically significant variables with the correct theoretical comparative static signs. The slope,
however, is 0.10 rather than the expected 0.23. This is likely due to missing variables or the fact
that the 2SLS technique was not used. Using a 2SLS approach, the slope is closer to the
predicted amount at 0.189 and the resulting dynamic aggregate supply equation has a very high
adjusted R-square.

The DAD — DAS equations are as follows based on the regression results presented in
Appendix B. The values reflect the US economy between 1980 and 2018 which encompasses
153 quarterly periods.

DAS: P = —2.814 + 1.285P¢ + 0.233W + 0.189Y
DAD: P = —0.249 + 0.978M2 + 1.046V2 — 0.884Y

Based on US quarterly data from 1980 — 2018, the average anticipated inflation rate is
3.363, the average wage growth rate is 3.416, the average M2 growth rate is 6.126 and the
average M2 velocity growth rate is -0.611. These are all in percentage form. Plugging in those
averages simplifies the DAS and DAD curves to be

DAS: P = 2.3034 + 0.189Y

DAD: P = 5.1031 — 0.884Y
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Figure 1 (Appendix A) graphically shows the long-run dynamic aggregate demand and
aggregate supply curves based on the US quarterly data between 1980 and 2018. The curves
intersect at long-run equilibrium at an inflation rate of 2.796 and a real GDP growth rate of
2.613. It is important to note that, while the long-run averages are exact, the curves themselves
cannot be interpreted as exact, but only as approximations. The accuracy of the data and omitted
variable bias are only a few of the factors that may contribute to potential inaccuracies in the
specific numbers. However, these numbers do serve as a strong benchmark for the analysis.

3. TEACHING APPLICATION - ECONOMIC SHOCKS

A corresponding Microsoft Excel file is included to facilitate the use in the classroom.
The file contains three tabs. The first is entitled ‘Underlying Data — FRED.’ In this tab, the data
are provided and organized on a quarterly basis from Q1 1980 to Q4 2018. The data are also
available from the Federal Reserve Economic Data (FRED) provided by the Federal Reserve
Bank of St. Louis. The second tab, entitled ‘DAD — DAS Curves,” derives Figure 1 (Appendix
A). No changes to the first two tabs are needed for the simulations of economic shocks.

The third, and final, tab is entitled ‘Simulation.” Appendix D details the equations that
were used, typed into the cells, in the Excel simulation model to generate dynamics. The
equations are based on the regression results using the same intercepts and slopes as well as the
same coefficients for the explanatory variables. The additional aspect, to make it dynamic,
allows for separate or simultaneous shocks to be applied, is a simple method of dampening the
shocks. A shock is applied and loses strength as it dissipates over time. The dampening process
used for the model is x shock = 0.8 x x shock;_ for the persistence of shock to any variable x.
The shock then predictably loses strength each period so that it is only 80% of what it was the
period before. For instance, an original shock of +2 (percent rate of growth) becomes: 1.6, 1.28,
1.024, 0.8192, etc. period to period as it fades toward zero. This simple method mimics actual
behaviors surprisingly well.

To simulate the shocks, only cells M6, N6, O6, and/or P6 of the ‘Simulation’ tab need to
be changed. The dynamics of each variable will automatically adjust given the persistence
described above. The corresponding figure will adjust as well.

A shock to the model can be interpreted in two ways. First, the initial period responses
represent the full shifts of DAD or DAS curves away from the original positions in Figure 1.
This would also be the final new equilibrium if the shock was once-for-all permanent. However,
if the shock is transitory the movement back to equilibrium is governed by the dampening
process and is viewed graphically as response functions. Examples are given below.

The model is subjected to a series of economic shocks. M2 growth rates and M2 velocity
growth rates are used to shock the dynamic aggregate demand curve and anticipated inflation
rates and wage growth rates are used to shock the dynamic aggregate supply curve. The initial
equilibrium has an inflation rate of 2.8 and a GDP growth rate of 2.6. These results are
quantitatively very close to the values obtained above, with the only discrepancy being rounding
errors. Appendix E provides a screenshot of how the shocks are incorporated into Excel. For
example, Figure A.1 in Appendix E shows the simulation without any shocks (all shocks set to
0).
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The shocks below are temporary and damped over time. For example, a 1 percent shock
to the money supply growth rate is dissipated by 20% each period. Over 46 simulated periods, a
1 percent shock will be reduced to 0.00003484, essentially returning the pre-shock equilibrium.

The following applications consist of a 1 percent increase in the monetary growth— an
aggregate demand shock; a 1 percent decrease in the wage growth rate — an aggregate supply
shock; and simulation of the “Great Recession” in which each of the four factors are
simultaneously shocked.

3.1 Positive Monetary Shock

The first application is to temporarily increase the rate of growth of the money supply by
1 percent. As with each of the applications, the shock has a persistence of 0.8 per period. Using
1980 to 2018 quarterly US data, the average growth rate of the M2 money supply was 6.126.
This shock temporarily increases the growth of money supply to 7.126. Figure A.2 in Appendix
E shows how the shock is applied in the corresponding Excel file under the ‘Simulation’ tab by
adding ‘+1’ into cell M6.

Figure 2 (Appendix A) shows the initial and transitional dynamics of the positive shock
to the aggregate demand. This expansionary policy change increases both inflation rate and
GDP growth rates. Specifically, inflation increases from 2.802 to 2.975 in the short run and the
GDP growth rates increase from 2.601 to 3.513. The short-run change in the GDP growth rate is
quantitatively greater than the shock to the inflation rate. This is due to the relatively flat
dynamic aggregate supply curve and also the ceteris paribus nature of the shock. Over time, the
shock dissipates and the economy returns to the initial equilibrium.

3.2 Negative Wage Growth Shock

The second application is to consider a negative shock to the wage growth rate. Over the
period between 1980 and 2018, the average wage growth rate in the US was 3.416. The shock
temporarily lowers the wage growth rate to 2.416, again dissipating over time. After 46
simulated periods, the shock is diminished, again, to 0.00003484, and the economy returns to the
previous long run equilibrium. Figure A.3 in Appendix E shows how the shock is applied in the
corresponding Excel file under the ‘Simulation’ tab by adding ‘-1’ into cell P6.

Figure 3 (Appendix A) shows that in the short run, this negative shock to the wage
growth rate is expansionary in nature, shifting the dynamic aggregate supply curve to the right,
increasing the GDP growth rate for a given rate of inflation. Firms have lower employee costs in
the short run. GDP growth increases from 2.601 to 2.814 in the short run, while the inflation rate
drops from 2.802 to 2.615.

3.3 A Simulation of the Great Recession
The model can be used to see how deep recessions slowly recover. In the late 2000s the
US had one of its worst economic periods in history. That period, now known as the Great

Recession, is usually considered the time period between late 2007 until the middle of 2009, but
the effects of the recession lingered much longer.
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Figure 4a (Appendix A) shows how the actual inflation and real GDP behaved just
before, during, and after the Great Recession. The chosen dates are from first quarter 2007 to the
third quarter 2012 for this illustration. As is easily seen, the economy was falling at roughly a 4%
rate at the nadir and remained growing negatively for more than a year and a half. That is an
extraordinarily deep recession.

Using the simulation model, simultaneous shocks to all of the shock variables is used to
mimic the Great Recession. The shock levels were based on the actual shocks that occurred at
the time, but they are not exactly the same. The simulation model shocks all of the variables at
the same time, whereas the reality is that some of the shocks occur before or after others because
of reactions or learning, etc. Still, the model does a robust job of duplicating the extraordinary
behaviors actually observed.

To mimic the Great Recession shocks were imposed on the model simultaneously. The
shocks were: M2 rate of growth = 1%, M2V rate of growth = -11%, expected inflation = -2%,
and nominal wage rate of growth =-2%. Figure A.4 in Appendix C shows how the shocks are
applied in the corresponding Excel file under the ‘Simulation’ tab by adding ‘+1’ into cell M6, a
‘-11” into cell N6, a ‘-2’ into cell O2, and a ‘-2’ into cell P2. Again, as explained earlier, these
are not exactly what occurred, but do give a reasonable portrait of what happened. For instance,
M2V rate of growth did indeed fall by around 11 percent at the outset of the recession and was
near that for 3 periods before moving back more toward normal. The simple simulation here
applies the -11% shock and then lets it persist with a frictional drag, each next period’s shock
being 80% of the previous period. The structured dampening shock is, of course, not exactly how
it happened in reality. Even with this limitation, the model does a nice job of showing the
severity and length of the Great Recession.

Figure 4b (Appendix A) provides the simulated results. Overall, the simulated model in
Figure 4b matches the actual data in Figure 4a surprisingly well.

4. SUMMARY AND CONCLUSION

Nearly all of the macroeconomic information the public receives is in a rate-of-change
form, i.e. in dynamic form. This should be the case in the economics classroom as well. In this
paper a simple long-run dynamic aggregate demand and supply model is promoted as a better
pedagogical model than the usual static AD/AS version. Using US contemporaneous, quarterly
data from 1980 through 2018, the dynamic aggregate supply and demand functions are estimated
using 2SLS regression techniques. Using those results a dynamic macroeconomic simulation
model is built in Excel that allows students in an undergraduate macroeconomics course to easily
simulate how the economy looks and how it reacts to shocks.

The simulation model provided here is a simple-to-use learning tool that gives the student
an accurate sense of how the economy behaves. The model is robust in allowing the user to
simulate dynamic aggregate demand and supply shocks to the economy, including changes in the
rates of growth of the money supply, velocity of money, anticipated price level, and wages. For
illustration, both a monetary (demand) and wage (supply) shock were analyzed as teaching
examples. Screenshots of these are provided, depicted in both graphical and response function
forms. For a more robust, realistic in-class example the Great Recession is simulated using a
combination of simultaneous supply and demand shocks. The response function results were
compared to historical data during the Great Recession, showing a surprisingly good match
between the two.
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The model also allows the instructor to examine a wide variety of the macroeconomic
ideas. For example, fully anticipated government spending shocks (use equal and simultaneous
shocks to velocity and anticipated inflation); over- or under-anticipated monetary shocks (use
simultaneous, but unequal shocks to money growth and anticipated inflation); a permanent, but
fully anticipated minimum wage increase (use equal and simultaneous shocks to wage growth
and anticipated inflation; etc.

Using rates-of-change forms of macroeconomic variables that correspond to what
students see outside the classroom, along with analyzing macroeconomic behaviors using the
corresponding simulation model, brings a superior pedagogical approach to learning
macroeconomics.
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Appendix A: Derivation of the Long-Run DAS curve

Figure 1: DAD & DAS curves for the US: 1980 - 2018
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Notes: US quarterly data from Q1 of 1980 to Q4 of 2018. All data is obtained from the Federal Reserve
Economic Data (FRED) provided by the Federal Reserve Bank of St. Louis.
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Figure 2: Positive Monetary Shock
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Notes: US quarterly data from Q1 of 1980 to Q4 of 2018. All data are obtained from the Federal Reserve
Economic Data (FRED) provided by the Federal Reserve Bank of St. Louis. The left diagram is the dynamic
aggregate supply (DAS) — dynamic aggregate demand model (DAD) and the right diagram is the simulated
response functions over 50 periods with the shock occurring in period 4.

Figure 3: Negative Wage Shock
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Economic Data (FRED) provided by the Federal Reserve Bank of St. Louis. The left diagram is the dynamic
aggregate supply (DAS) — dynamic aggregate demand model (DAD) and the right diagram is the simulated
response functions over 50 periods with the shock occurring in period 4.
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Figure 4a: The Great Recession Actual Dynamics 2007Q1 - 2012Q3
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Notes: US quarterly data from Q1 of 1980 to Q4 of 2018. All data are obtained from the Federal Reserve

Economic Data (FRED) provided by the Federal Reserve Bank of St. Louis. The dates range from Q1 2007 to Q3
2012.

Figure 4b: The Great Recession Simulated
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Economic Data (FRED) provided by the Federal Reserve Bank of St. Louis. The left diagram is the dynamic
aggregate supply (DAS) — dynamic aggregate demand model (DAD) and the right diagram is the simulated
response functions over 50 periods with the shock occurring in period 4.
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Appendix B: Derivation of the Long-Run DAS curve
Y= ay+ayN

w® =wy + BoN + 1P + B, P°

w? =w; —yoa,N + y, P

=w

Wo + BoN + B1P + BoP° = wy —yoN +y1P

(Yoas + Bo)N = wy —wq + (v1 — B1)P — B, P°

N = [W1 —wo + (y1 — BOP —ﬁzpel
(Yoas + Bo)

Plug this into equation (1) gives

wy; — Wy + (y1 — f1)P — [, P¢
Y=a0+a1[1 o+ (i —B1) B l

(Yoa1 + Bo)

Solving for P leaves us with

) G e el G

Which simplifies to

P = (50 + 51Pe) + 52Y
Putting in rates of change form by taking the log derivatives gives

P=60+61Pe+6zy
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Appendix C: Regression Results

Table A.1 shows the regression results for US quarterly data from 1980 to 2018 — 153
quarterly periods based on the dynamic aggregate supply curve. The dependent variable is the
rate of inflation and the independent variables are the expected inflation rate measured by the
University of Michigan Survey (MICH) from the FRED economic dataset, the nominal wage
growth and the real GDP growth.

Table A.1: Dynamic Aggregate Supply

Standard OLS 2SLS
Intercept -2.499 %% -2.8138%**

(-12.2741) (-67.8886)
Expected 1.2516%** 1.2849%***
Inflation (20.1555) (101.6511)
Nominal Wage | 0.2388%%** 0.2329%*%*
Growth (5.4779) (26.2447)
Real GDP 0.1035%*%* 0.1888***
Growth (3.3635) (30.1376
Obseryvations 153 153
R-square 0.866 0.994
F-statistic 329.566 8165.861

Notes: *** denotes significance at the 1% level; ** at the 5% level; and * at the 10% level.

As expected, the results in Table A.1 are of the correct sign and highly significant. The
2SLS technique allows us to identify which of the curves was moving in order to generate the
rate of inflation or the GDP rate of growth. These coefficients are used in the Excel spreadsheet
to approximate the US economy.

Table A.2 presents the empirical results for the dynamic aggregate demand based on
equation (6). From a theoretical point of view, the expected results would be a ‘-1’ coefficient
for the real GDP growth rate and unity for both the M2 rate of growth and the M2 velocity rate
of growth. The actual results are close to the values but not exact. The differences can be
attributed to many factors including the use of an intercept, the measurement of GDP and the
measurement of the CPI. This empirical exercise services as a useful approximation of the
model.

Table A.2: Dynamic Aggregate Demand

2SLS
Intercept -0.2497

(-1.2246)
Real GDP -0.8840%**
Growth (-19.9081)
M2 Rate of 0.9785%*%*
Growth (25.9505)
M2 Velocity 1.0460%***
Rate of Growth | (28.3216)

Dynamic aggregate supply and demand 15
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Observations 153
R-square 0.848
F-statistic 283.991

Notes: *** denotes significance at the 1% level; ** at the 5% level; and * at the 10% level.
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Appendix D: Microsoft Excel Macroeconomic Simulation Model

DAD intercept = 0.978(M2 rog) + 1.046(V2 rog) — 0.249
DAS intercept = 1.314(expected inflation) + 0.228(wage rog) — 2.814
DAD slope = —.884

DAS slope =.189

DAD intercept — DAS intercept
DAS slope — DAD slope

inflation = DAD intercept + DAD slope [

DAD intercept — DAS intercept]

lgd =
reat8Cp rog DAS slope — DAD slope

M2 rog = 6.126 + M2 shock

V2rog = —.611 + V2 shock

expected inflation = 3.363 + expected inflation shock
nominal wage rog = 3.416 + nominal wage rog shock

M2 shock = 0; 0.8 * M2 shock;_;

V2 shock = 0; 0.8 * V2 shock;_;

expected inflation shock = 0; 0.8 * expected inflation shock;_;

nominal wage rog shock = 0; 0.8 * nominal wage rog shock;_4
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Appendix E: Microsoft Excel Screenshots

Figure A.1: Simulation without Shocks
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Figure A.2: Simulation with Positive Money Growth Shock

PageLayout ~ Formulas Data  Review  View &+ Share A~

J. % cut Calibri (Body) +| 11 = =9 s- = Wrap Text General ) e [T | 4. i, o, I sosm Ay
Copy * 4 & & Fill v z
Paste . . - . .9 49 % Conditional Format  Cell Insert  Delete  Format Sort&
% Format LA SE]t== = et $ 1% %43 Formatting as Table  Styles @ clear ~ Filter
M7 = fx =0.8*M6
A 8 < o € F G H 1 1 K L N o 1/ Q R s T v v w X Y
1 Period DAD intercept DADslope  DAS intercept DAS slope Inflation  GOP Growth M2 Growth V2 Growth Antcipated In Shock
2
3 1 saomz o8 23108 0189 280493 260139 6126 061 336 3416 o 3 0
s 2 sionz oss 23108 0189 2802493 260139 6126 061 3363 3416 o ) o
s 3 swouz oss 23108 0189 280493 260139 6126 061 3363 3416 o 0 o
6 4 5.102122 0.884 231083 0.189 2.802493  2.60139 7.126 0.611 3.363 3.416 o o 0 apply shock at period 4
7| 5 6080122 0884 231083 0.189 2974759 3.512854 6926 0611 3363 3416 0 0 o Numerical Simulation
s 6 ssus2 08 231083 0189 2940306 333061 6766 0611 336 3416 0 o 0
9 7 5.728042 -0.884 231083 0.189 2912743 3.184727 6.638 -0.611 3.363 3.416 o o o b
10 8 5.602858 -0.884 231083 0.189 2.890693  3.06806 6.5356 -0.611 3.363 3.416 o ] o
1 9 5.5027108 -0.884 231083 0.189 2.873053 2.974726 6.45368 -0.611 3.363 3416 o o o
2 0 sensos 0 23108 0189 2858941 2900059 e3s1ea o6l 3363 3416 o o o .
B 1 sisus 08 23108 0189 2847651 2.840325 63375 061 3363 3416 0 o 0
1 1 siomaes 088 23108 0189 283862 2792538 62992 osn 333 3416 o ) o
15 1 sweeonn 08 23108 0189 2831394 2754309 6260218 0611 3363 3416 01327728 o 0 o
16 1 snnkes 08 23108 0189 282514 2723725 623374 o6l 3363 3416 0107374182 o o 0o
7 15 s207395 0884 23108 018 282099 2699258 621189 0611 3363 3416 0085899346 o 0 0
18 16 5.18613156 -0.884 231083 0.189  2.81729 2.679685 6.194719 -0.611 3.363 3.416 0.068719477 o o o
19 1 s 084 23108 0189 2814331 2664026 618097 0611 3363 3416 0054975581 o 0 o .
20 18  5.155888119 -0.884 231083 0.189 2.811963 2.651499 6.16998 -0.611 3.363 3.416 0043980465 o L o
21 19 5.145134895 -0.884 231083 0.189 2.810069 2.641477 6.161184 -0.611 3.363 3.416 0.035184372 o 0 o
2 20 5.136532316 -0.884 2.31083 0.189 2.808554 2.63346 6.154147 -0.611 3.363 3.416 0.028147498 o o o
2 2 sisesosy 0884 23108 0189 2807342 262708 6148518 0611 3363 3416 002517998 o 0 o
% 2 siewss 0884 23108 0189 2806372 2621915 614404 061 3363 3416 001804399 o ) o
25 23 5.119740082 -0.884 231083 0.189 2.805596 2.61781 6.140412 -0.611 3.363 3.416 0.014411519 o 0 o
2 2 sueuewss  08% 23108 0189 2804975 2614526 61759 o611 333 3416 00usss o o 0o
27 25 5.113397572 -0.884 231083 0.189 2.804479 2611899 6.135223 -0.611 3.363 3.416 0.009223372 o o o .
» % suiass 0884 231083 0189 2804082 2.609757 6133379 061 3363 3416 0007378638 o 0 0
2 27 siosasws 0884 23108 0189 2803764 2608116 6131903 0611 3363 3416 0005902958 o 0 o
30 28 5.107895093 -0.884 231083 0.189  2.80351 2.606771 6.130722 -0.611 3.363 3.416 0.004722366 o o o
31 29 5.106740474 -0.884 231083 0.189 2.803306 2.605695 6.129778 -0.611 3.363 3.416 0.003777893 o 0 o
2 30  5.10581678 -0.884 2.31083 0.189 2.803144 2604834 6.129022 -0.611 3.363 3416 0.003022315 o o o
n 3 saosomeas 0ssa 231088 0180 2803013 2604145 6128418 061 3363 3416 000417852 o o 0
34 32 5.104486659 -0.884 231083 0.189 2.802909 2.603594 6.127934 -0.611 3.363 3.416 0.001934281 o o o L
3 3 sioon77 088 23108 0189 2802826 2603154 612757 0611 3363 3416 00014725 o o o
% 3 sioesw 8% 23108 0189 2802759 2602801 612723 o611 3363 3416 000123794 o o o
n 35 siomms  08s 231088 0189 2802706 2602519 612699 0611 3363 3416 0000990352 0 3 o,
3 36 51009054 0884 23108 0189 2802663 2602293 6126792 0611 3363 3416 0000792282 o o 0 1357 NN BADB T BAN S ARG G TS
» 37 siossesst 0884 23108 0189 2802629 2602113 6126634 0611 3363 3416 0000633825 o 0 o e sion P Gronth
40 38 5.102741881 0.884 231083 0.189 2.802602 2.601968 6.126507 0.611 3.363 3.416 0.00050706 o 0 o
4 39 5.102617905 0.884 231083 0.189  2.80258 2.601853 6.126406 0.611 3.363 3416 0.000405648 o o o

Notes: US quarterly data from Q1 of 1980 to Q4 of 2018. All data is obtained from the Federal Reserve
Economic Data (FRED) provided by the Federal Reserve Bank of St. Louis. All shocks for money supply growth,
velocity of money growth, wage growth, and expected price shocks. The figure applies a shock of +1 to the
money growth rate.

Dynamic aggregate supply and demand 18



Journal of Business Cases and Applications Volume 27

Insert Page Layout Formulas Data Review View &* Share A
f\ X out Calibri(Body) +| M1 +| As Av = = _| &~ S0 Wrap Text General v E- e [ 27+ <mm. mx. 5. Z. Autosum Ay-
Copy 5. A 02 & & & Fill v z
Paste - v 3. - - nter v *0 %0 conditional Format  Cell Insert  Delete Format Sort &
¢’ Format BIIT|Y = - Marde & Conter $ % ||% +5 Formatting as Table Styles & Clear + Filter
P7 5 fx =0.8*P6 .
A 8 c ° € F G " ' ) 3 L M N 0 » Q R s T u v w x ¥

1 Period DAD intercept  DADslope  DAS intercept DAS slope Inflation  GOP Growth M2 Growth V2 Growth Antcipat Shock

2

3 1 saom2 08 231083 0189 2802493 2.60139 6126 061 3363 3416 0 ) ) o

4 2 siun  08s 231083 0189 2802493 2.60139 6126 0611 3363 3416 ° o ) o

s 3 si2  0ss 231083 0189 2802493 260139 6126 0611 3363 3416 0 0 ) 0

6 4 5.102122 0.884 231083 0.189 2.802493  2.60139 6.126 -0.611 3.363 2.416 o o o -1 apply shock at period 4

7 I 5 5.102122 0.884 2.08283 0.189 2.614653 2.813879 6.126 -0.611 3.363 2616 o o of -0. Numerical Simulation

8 6 5.102122 0.884 2.12843 0.189 2.652221 2.771381 6.126 -0.611 3.363 2.776 0 o o -0.64

9 7 5.102122 -0.884 216491 0189 2682275 2.737383 6126 0611 3363 2904 0 o 0 0512 ol

10 8 5.102122 -0.884 2.194094 0.189 2706319 2.710185 6.126 -0.611 3363 3.0064 o o o 0.4

1n 9 5.102122 -0.884 2.2174412 0.189 2725554 2.688426 6.126 -0.611 3363  3.08832 o o o -0.32768

12 10 5102122 0884 22361189  0.189 2740941 2.671019 6126 0611 3.363 3.153856 0 ) ) 0262144 o~

13 1 5102122 0884 2251061168 0189 2753252 2.657093 6126 0611 3363 3.206285 0 0 ) 02097152

114 12 5.102122 0.884 2.263014934 0.189 27631 2.645953 6.126 -0.611 3.363 3.248228 o o o -0.16777216

15 13 5102122 0884 2272577948 0.189 2770979 2.63704 6126 0611 3363 3281782 0 0 o o

16 14 5.102122 0.884 2.280228358 0189 2777281  2.62991 6.126 0.611 3.363  3.308626 o o o 0.107374182 s

17 15 5.102122 0.884 2.286348686 0.189 2.782324 2.624206 6.126 -0.611 3363 3.330101 o o o .

18 16 5102122 0884 2291244949 0189 2786357 2.619643 6126 0611 3363 3347281 0 o 0 0068719477

19 17 5102122 0884 2295161959  0.189 2789585 2615993 6126 0611 3363 336102 0 ) o oosrsse

20 18 5102122 0884 2298295567  0.189 2792166 2613072 6126 0611 336 331202 0 ) 0 004398065

2 19 5.102122 -0.884 2.300802454 0.189 2794232 2.610736 6.126 -0.611 3.363 3.380816 o o o -0.035184372

2 20 5.102122 0.884 2.302807963 0.189 2.795884 2.608867 6.126 -0.611 3363 3.387853 o o o -0.028147498

23 21 5102122 0884 2304412371 0189 2797206 2607372 6126 0611 3363 3393482 ) 0 o 00251798

24 2 5.102122 -0.884 2.305695896 0.189 2.798263 2.606175 6.126 -0.611 3.363 3.397986 o o o 18014

» 23 5102122 0884 2306722717 0189 2799109 2605218 6126 0611 3363 3401588 ° ) 0 -00uamsis

26 24 5.102122 0.884 2.307544174 0.189 2799786 2.604453 6.126 -0.611 3.363 3.404471 o o o -0.011529215

27 25 5102122 0884 2308201339  0.189 2800327 2.60384 6126 0611 3.363 3.406777 0 0 ) -0.009223372 B

8 26 5102122 0884 2308727071 0189 280076 2.60335 6126 0611 3363 3.408621 o ) o -0.0073786%

» 27 5102122 0884 230947657 0189 2.801107 2602958 6126 0611 3363 3.410097 0 ) 0 -0.005902958

30 28 5.102122 0.884 2.309484126 0.189 2.801384 2.602645 6.126 -0.611 3.363 3411278 o o o -0.004722366 258

3 29 5.102122 0.884 2.3097533 0.189 2.801606 2.602394 6.126 -0.611 3363 3412222 o o o -0.003777893

2 30 5.102122 0.884 2.30996864 0.189 2.801783 2.602193 6.126 -0.611 3363 3.412978 o o o -0.003022315

33 31 5.102122 0.884 2.310140912 0.189 2.801925 2.602033 6.126 -0.611 3.363 3.413582 o o o -0.002417852

34 32 5.102122 -0.884 2.31027873 0.189 2.802039 2.601904 6.126 -0.611 3.363 3.414066 o o o -0.001934281 d

35 33 5.102122 0.884 2.310388984 0.189 2.802129 2.601802 6.126 -0.611 3.363 3.414453 o o o -0.001547425

36 34 5.102122 -0.884 2.310477187 0.189 2.802202 2.601719 6.126 -0.611 3363 3.414762 o o o -0.00123794

37 35 5102122 0884 231054775  0.189 280226 2.601654 6126 0611 3363 341501 0 () 0 0000990352,

38 36 5102122 0884 2310602 0189 2802307 2.601601 6126 0611 3363 3.415208 0 o o -0.000792282 1357 INNBY N ARSI B NBBY BAC SO 95

3 37 5102122 0884 23106493 0189 2.802344 2601559 6126 0611 3363 341536 0 ) 0 -0.000633825 e Iieis DR

w0 38 5102122 0884 2310685488 0189 2.802374 2601525 6126 0611 3363 3415493 0 ) ) -0.00050706

a 39 5.102122 0.884 2.31071439 0.189 2.802398 2.601498 6.126 -0.611 3.363 3.415594 o o o -0.000405648

Notes: US quarterly data from Q1 of 1980 to Q4 of 2018. All data is obtained from the Federal Reserve
Economic Data (FRED) provided by the Federal Reserve Bank of St. Louis. All shocks for money supply growth,
velocity of money growth, wage growth, and expected price shocks. The figure applies a shock of -1 to the wage
growth rate.

Figure A.4: Simulation for the Great Recession
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30 8 0884 220262577 0189 2776548 2560438 6130722 0.662946 335355527 3.406555  0.004722366  -0.051946031 0009444733 -0.009444733
31 2 0884 220666222 0189 2781737 2.568629 6129778 0.652557 335544421 3.408444  0.003777893
2 0 0884 2299178977 0189 2785888 2575181 612022 0.644245 335695537 3.409955 0003022315  -0.03324546 000604629 0006044629
3 3 0884 2301509182 0189 278209 2580423 6128418 0.63759 33581643 3411164 000417852 0. .
u 2 0884 23037346 0189 2791866 2584617 6127934 0.632277 335913144 3412131 0001934281 0. . .
3 3 0884 2304864675 0189 2793991 2587971 6127547 0.628022 335990515 3.412905 0001547425  -0.017021676 -0.00309485 000309485+
3% 3 0884 2306057741 0189 2795692 2.590655 6127238 0.624617 336052412 3413524 000123794  -0.01361734 -0.00247588 -0.00247588
37 35 0884 2307012193 0189 2797052 2592802 612699 0621894 33610193 3414019  0.000990352
38 3% 0884 230775754 0189 279814 2.59452 6126792 0.619715 336141544 341415 0.000792282 s
3 Y 0884 2308386603 0189 2799011 2595894 6126634 0.617972 336173235 3414732 0.000633825  -0.006972078 0001267651 -0.001267651 afion ——GDP Growth
w0 38 0884 2308875283 0189 2.799707 2596993 6126507 -0.616578 336198588 3.41498 000050706  -0.005577663 -0.00101412 -0.00101412
a“ 39 509678367 0884 2309266226  0.189 2.800264 2.597873 6126406 0.615462 33621887 3415189 0000405648  -0.00446213 000081129 -0.000811296

Notes: US quarterly data from Q1 of 1980 to Q4 of 2018. All data is obtained from the Federal Reserve Economic
Data (FRED) provided by the Federal Reserve Bank of St. Louis. All shocks for money supply growth, velocity of
money growth, wage growth, and expected price shocks. The figure applies a shock of +1 to the money growth rate,
-11 to the velocity growth rate, -2 to the wage growth rate, and -2 to expected inflation.
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