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Chapter 2
Get Started with Macro Modeling

I. David Wheat, Marianna Oliskevych, and Alina Novik \0

2.1 Introduction O\Q

In this chapter, we demonstrate a way to get started with syste amics
(SD) modeling of a national economy. The essence of ous ach is a
modular framework that can be customized to re modeler's
hypotheses about how a particular economy works:. call it the
MacroLab Template (the “Template’). \

As a tool for macro modeling, the Template ev rom twenty years’
experience teaching macroeconomics with a -based model called

igned to demonstrate and

MacroLab, initially a very simple model
i ctory course. A more

explain feedback dynamics in an
comprehensive version was publishe heat (2007).! The current
version, MacroLab20), retains some of the otiginal features, particularly the
integration of demand-side and su -stde theories through an organizing
framework of stocks, flows, and feé@dback loops. Now, however, MacroLab
is fully customizable, thanks to emplate—a 'plug and play' modular
framework that motivates 1ng, comparing, and combining various
hypotheses about key se of a macroeconomic system. Given our
perpetual motivation to lea ore about how economies work, we value
this framework becauQ facilitates comparison and consideration of
alternative theoriei ixﬁ ontext of empirical realities.

Our message he at the Template is useful not only for customizing
MacroLab; it ¢ used as a framework for any macro model. It can even
be used asza @nng tool by those who are curious about the various ways
that SD- Neconomic modeling is done. The belief that such curiosity
exists xrime motivation for this book, and we hope this chapter meets
the ex ions of our readers—both conventionally trained economists as
Qﬁose who learned economics as a second language.

4

¢ : Two published SD-based macro models (Mass 1975 and N. Forrester 1982) pre-dated MacroLab

and inspired its development. Yet, both were closed economy models, and Forrester’s self-described
“rudimentary financial system” (p. 73) was an IS-LM structure while the Mass model had no financial
sector. The lectures notes of Radzicki (1993) following his visit to the University of Bergen were
also useful. Published narratives of J.W. Forrester’s ‘National Model’ (e.g., Forrester, Mass, and
Ryan, 1980) were inspirational as well, although his model was never published and was still under
development when he died in 2016. Eberlein (2020) plans to complete and publish Forrester’s long-
awaited model.
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After describing the Template in section 2.2, we devote two sections to a
simple demonstration model. Section 2.3 provides an overview of its
structure and behavior, and section 2.4 provides step-by-step guidance for
building it. The final section includes some thoughts on using the Template

for comparing alternative macro theories. Q

2.2 MacroLab Template .Q

The Template is a software framework that facilitates the the 1lding
task of combining macroeconomic identities and behavioral hy es into
a coherent dynamic macro model. Of course, the burden@s on the
modeler to justify confidence in the hypotheses. The fra motivates
constructive thinking about theory and how it could ganized in a
simulation model, but it does neither the thinking norwrganizing; that’s
the modeler’s job.

Although it is a theory-neutral tool, the Tem@uts two stakes in the
ground before the modeler takes over. First, gmaakes room for both supply
and demand ‘sides’ of an economy. The retains control over where
to put the emphasis, but the Template rages thinking that a modern
macro model can ignore one side or the other. In addition, the Template
connects the two with a pivotal #flow-feedback process involving
gross domestic product (GDP), in ries, and aggregate demand (AD). It
makes a clear operational disti etween GDP and AD—two separate
activities (producing and p ing) involving different institutions that
respond to different ince . Unifying the supply- and demand-side
perspectives with this stock-flow-feedback process is what defines the
MacroLab Template. é

The Template ha;
(a) in Figure

evels, with most equations at the third level. Panel
icts the top level we have mentioned: aggregate
Demand and ly sub-models plus a stock-flow-feedback process
governed b ¢ identities.> By definition, real GDP is the product of
productio% acity and capacity utilization; and real AD is the quotient of

1 and the price index. A numerical difference between a stock’s
inflo outflow is reflected in a change in the level of that stock. Thus,
r = real AD + change in inventories.

2 In Figure 2.1, note the difference between icons for stocks and those for sub-models. Stock icons
are rectangular while sub-models are oval-shaped. The flow icon resembles a pipeline with a valve
on top that controls the rate of the flow. Metaphorically, flow equations open and close the valves.
We used Stella Architect software (https://www.iseesystems.com/store/products/stella-
architect.aspx), to develop the MacroLab Template.
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Fig. 2.1 Generic Sub-Models in MacroLab Template
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Panels (b) and (c) display the second level containing generic sub-models

on the supply side and demand side, respectively. When modelers use the
Template, they start with an empty theoretical shell; i.e., it contains no
behavioral equations. Each sub-model contains a few parameters that are
temporary placeholders for variables that will be formulated during the 0
modeling process. The Template is a tabula rasa that awaits the modeler\

hypotheses. o

The supply side is designed for an integrated set of small mo §at
represent hypotheses about steps in the aggregate process of pr ing and
1

pricing goods and services. Those steps include decisions abé lizing

current production capacity and developing future ca and the
implication of those decisions for aggregate price trend ilization of
productive resources. The impetus for these decision current and

projected AD, and the primary output from the suple is real GDP.

The demand side is about buying goods and s and the factors that
influence aggregate spending. The sub-mo represent institutional
sectors—households, business firms (managers of the supply side),
government, and foreign trading partners atthake purchasing decisions;
plus institutions that influence those de % , such as commercial banks,
the central bank, and government, Th€ agnostic sub-models await
behavioral hypotheses that postul @isions within the institutions and
the relevant systemic interactions g them.

The sub-models displayed 1 eneric Template are intended to suggest
a range of possibilities mponents in a macro model. When the
Template is used to guide model-building, the number of sub-models, their
names and contents, cheir connections with the others will be
determined by tzle eler. The boundary choices about breadth
(endogenous/exo, excluded variables) and depth (aggregation level)
will reflect the e of the model. The links among sub-models can also
be modified t ct the modeler’s behavioral hypotheses about how the
equations \ ffect the equations in others.

Model@hose primary interest is demand-side modeling could reduce the
supp@ in panel (b) to a few equations that encapsulate the conversion
0 ved demand into output. Such a ‘demand creates its own supply’
pepective effectively stands Say’s Law on its head. Others will think the
dpply side needs more specification than suggested in the diagram; e.g.,

parate sub-models for employment (labor and hours), capital, and natural

¢ resources.

In like manner, the demand side could be less or more detailed than
suggested by panel (c). It is certainly possible to sharply curtail the demand
side, as if Say’s Law rules. On the other hand, it is possible to disaggregate
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further; e.g., to create multiple household sectors based on demographic or
worker/capitalist distinctions, or divide business firms into goods producers
and service providers. There could be two government sectors: national and
regional. Similarly, the Banks and Central Bank sub-models could contain
detailed institutional structure (as in MacroLab20), or they could be
compressed into a single Banks sub-model containing a few equations th
determine the central bank’s policy interest rate and commercial banks’ 1
rate. The Rest-of-the-World sub-model (RW) could contain a
exogenous net exports function, a complete model of aggregate g
partners; or something in between; and, of course, it would itted
entirely from closed economy models. Except for the simplest re, the
RW would also require an exchange rate sector. 0\

The sectoral spending decisions on the demand side are r ed by a Flow
of Funds sub-model (FF) such as the one displayed Mnel (d) of Figure
2.1. At the top, for example, consumption spe is flowing from
households to firms. At the bottom is a return ages and dividends.
At the top right of the diagram is the output of thig sub-model—aggregate
demand—the sum of household consumptigmg business firm investment
(excluding so-called inventory investme rnment purchases, and net
exports.

All flows are driven by demand-sj .edsions already made in other sub-
models, as indicated by the pre each flow variable. With arrayed
Accounts stocks partitioned int s and liabilities, inflows and outflows
are channeled to and from %ropriate accounts. For simplicity in this
diagram, multiple net flo bundled. For example, ‘net funding of
government’ is the sum of taxeS minus transfers, net government borrowing,
and net government intéreceipts (typically negative).?

0/

The use of credi
(Guttman 1994,
assets in pane

nsequential feature of modern economic systems
y and Lavoie 2007) and the flows to/from the Bank
e suggestive of the transactions that would be modeled

in a Bank on the demand side. The banking system, still neglected
in most models, is an integral part of MacroLab20. However, like
the re e Template, the FF is adaptable to the modeler’s experience

and @ e. Credit transactions are not a pre-requisite for a simple macro

Q

gain for simplicity, all private sector taxes are paid by households after receiving wages and

idends from firms and banks. Primary bond market activity is limited to transactions between
government and households, but secondary market transactions involve households, firms,
commercial banks, and the central bank. Cash proceeds of credit transactions are represented as flows
between asset accounts of sectors. Other flows update the counterpart liability and asset accounts of
the debtor and creditor sectors, respectively. For example, when a bank lends to a household, the
household incurs a credit-based liability due to the credit transaction, while the bank gains a credit-
based asset. For more details on the modeling techniques using arrays, see the online version of
MacroLab20 at https://exchange.iseesystems.com/public/david-wheat/macrolab20.
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model to be useful. Indeed, given the purpose of this chapter, we use a
highly simplified FF structure in our demonstration model.

The take-away message of the FF diagram is that each spending flow has a
destination and a source. Even when exogenous financial shocks are
triggered in a model, the resulting flow that goes somewhere must co
from somewhere. Every inflow is, simultaneously, an outflow fi

somewhere.* Likewise, every financial asset in the economy has its lialiy
counterpart somewhere else; e.g., household deposits are as

households and liabilities for commercial banks. These unting
principles are used within the Template to calculate balance s r each
sector and a composite balance sheet for the entire model e ,
arrayed Accounts stocks actually accumulate and p assets and
liabilities and, therefore, maintain balance sheet data for sector.

Since every financial asset has a matching fina liability, the net
financial assets for the economy sum to zero, is observed in the

balance sheet of a stock consistent model. Like , each transaction has a
net value of zero (e.g., taxes received by govemaments minus taxes paid by
households, firms, and banks must equalszg o) Flow consistency can be
verified with a transaction matrix for t % ire economy. Together, the
balance sheet and transaction matriy ar¢ used to confirm stock-flow
consistency within the Template. a macro model lacks stock-flow
consistency, that would be apparedttin the balance sheet and/or transaction
matrix, and the model should b ated in that context.’

In summary, the MacroL plate suggests ways to organize a macro
model, yet is flexible enough to accommodate a range of theoretical
perspectives and modeld rposes. The next two sections illustrate these
complementary fe%t 1th a simple model.

x>

2.3 Structure@ehavior of SIMM
L/

In this se 'xwe introduce our demonstration model—a highly simplified
macro@ ic model called SIMM—and describe its structure and
beha@ IMM is simple enough for beginners to build and understand.

4

is true even for central bank transactions, although in panel (d) they appear to come from the

uds. The central bank records credits and debits to the government accounts and the reserve
ounts of commercial banks, and those entries constitute the sources. Other flows seemingly from
e clouds are adjustments to counterparties’ liability and assets accounts during credit transactions.

5 Details of the balance sheet accounting in the Flow of Funds sub-model in MacroLab20 can be
found in the online version at https://exchange.iseesystems.com/public/david-wheat/macrolab20.
The literature on macro financial accounting and stock-flow consistency can be traced to Brainard
and Tobin (1968), Turnovsky (1977), Backus, Brainard, Smith and Tobin (1980), and Godley and
Cripps (1983). A modern authoritative reference is Godley and Lavoie (2007). Also in this volume,
see chapter 4 (Yamaguchi and Yamaguchi) and chapter 18 (Keen) for stock-flow-consistent
approaches using different SD software.
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And it is transparent; the source of dynamic behavior emerging from this
model is easy to find (with a little practice). Moreover, building SIMM
reveals a modeling method that can be used by macro specialists wanting to
enrich, extend, or replace this model with their own hypotheses.

Fl f
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Q Fig. 2.2 Sub-Model Structure of SIMM
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2.3.1. Sub-Model Structure. Figure 2.2 displays the sub-model structure of
SIMM. In panel (a), close inspection of the top level reveals a small
departure from the generic Template. In SIMM, the only supply-side
variables that influence the demand-side are real GDP and the price index.

In addition, panels (b) and (c) have fewer sub-models. For example, it’s a 0
closed economy with no foreign trade, and the financial sector is n
engaged in credit transactions with other sectors. &

The flow-of-funds structure in panel (d) is also simpler, due to S@ S
a

closed economy and the absence of an active financial sector. For de
flows and the stocks and flows for banks and the commercia have
been omitted from the diagram. The commercial banks in this le model

central bank merely holds the government accounts and serves of the
commercial banks. In SIMM, these financial institutigns do nothing with
the funds entrusted to them. They merely record the t&n and out of their
depositors’ accounts. Although the passive ft sector does not
contribute to the dynamics of the model, it is portant for accurate
accounting, and SIMM has accounting equations where changes in the three
deposits stocks are mirrored in the liab he financial sector. This
y.

merely serve as a digital repository for private sector dep@ ewise, the

enables SIMM to generate a separate b@lange sheet for each sector and a
consolidated one for the model econong

Two stocks—Households Deposi Firms Deposits—constitute the
money supply in the model ec . Taxation drains money from the
aggregate circular financial flo e government purchases inject money
into that flow. The numeri rence between government taxation and
purchasing is reflected in € es to Government Deposits, and that has a
simultaneous effect on changes in deposits at households and/or firms; i.e.,

the broad money sup SIMM—with no commercial bank credit, no
central bank transact and no international financial flows—a change in
the level of Go ent Deposits is the only influence on the money

supply.®  Wh a change in the money supply has any dynamic
consequence@he model economy’s performance depends on the
behavior ﬂ ons that govern the demand-side sub-models.
2.3.2 ck Structure. Examining the equations within each sub-model
necegsatly requires a close-up, ground-level view (of the ‘trees’). This
1tS"1gnoring the surrounding complexity of relationships with the rest
oL the model. However, such a focused view risks forgetting that the
ements within the sub-models are part of a larger feedback structure (the
orest’). The purpose of Figure 2.3, therefore, is to provide a high-level
view of key feedback relationships within SIMM, including those that link
together the demand and supply sides of the model economy. Readers are

® In this respect, SIMM differs sharply from MacroLab2( where the money creation and destruction
process is dominated by commercial bank loans that create deposits and repayments that drain
deposits, as emphasized by Bank of England economists McLeay, Radia, and Thomas (2014).
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encouraged to refer to this diagram whenever the larger context of a sub-
model equation is not obvious.

The qualitative structure of P

. . G
this diagram corresponds to e Deposts
the quantitative structure of [ rdsosable " Houshold 1\

. 1~ income Deposits : \
SIMM. Note the location of wages & dividends , \’ ) J

A A B, . | , vt purch
real GDP, Inventories, and / | - 0 purc asesQ

: S consumption / \
real AD. That's the dividing | /| end;;/,-D?F":’?“s ' RN
line between the demand 2 A &
side at the top and the supply W",QSS 3 +income - N
side at the bottom. The “ invest
feedback diagram 1is a \ e Q
communications tool; it \ , ’ /
translates a complex \‘\\ /V,/f'ea/'.QDP "nvef’N """"" 'ea"AD
quantitative model into a e [\ o )
relatively simple picture that i"de{ ‘ >°du producion
emphasizes the systemic s S
structure of an economy. cap -l
A}f in fa transleition of Flg 2 edback Structure of SIMM
phrases from one language
to another, a feedback diagram co lﬂ)th literal and figurative elements.
For identity equations such as A AD, income, wages & dividends,
etc., Figure 2.3 displays all onents, exactly as defined in the

quantitative model. Howevg avioral relationships are displayed in a
simpler reduced form thatot necessarily reflect proximate causation
in the model. For exampl e diagram shows real AD and inventories
influencing the produc@arget, but the model’s actual set of smoothed
causal connections 1 isible. To fully grasp the underlying behavioral
hypotheses, it is ry to examine the equations in the stock-and-flow

structure.

Nonethel @diagram provides useful information about the model. It
reveals, &&mple, that all taxes are paid by households. It also indicates
the po@of relationships: e.g., the solid link from Real AD to production
target@ positive relationship: when real AD changes, the production
t anges in the same direction, ceteris paribus. However, the dashed

from inventories to production target is a negative relationship; e.g., if

@entories rise, then (ceteris paribus) the production target falls. During a

ulation run (sans ceteris paribus), the net change of the production target
depends on the direction and magnitude of these two causal influences.

Of course, the diagram also displays the feedback loops. The number of

negative links in a loop determines its polarity. Positive loops—those
responsible for behavior that reinforces itself—contain an even number of

Get Started with Macro Modeling [11/17/20; 9849 words, including cover page] 10
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negative links (including none). Negative loops—those responsible for self-
correcting behavior—contain an odd number of negative links. In Figure
2.4, the loops in panels (a) and (b) are negative and positive, respectively.

real GDP Inventories_
real GDP——* Inventories\__
.. + .

- ‘ production pro;:l::ct
production production capam‘t}l ‘\capacity«/.
capacity ——___capacity /target . target \

(@) target (b) uﬁﬁ.‘;i?féﬁ ‘
Fig. 2.4 Examples of Negative and Positive Feedback Loop‘s @M

Figure 2.4 displays just two of several feedback loops OA@\upply side of
SIMM, and there are even more on the demand side, W the two sides

interact, the total number of loops is more than the n each side. As
simple as it is, even SIMM is a complex system. feedback diagram
provides a useful summary view of the structur%e model, but there is
little chance of correctly inferring the model’s avior merely from the

diagram. Moreover, there are nonlinear rel ships at work, making an
analytical solution unlikely. In this cont erical simulation provides
the only practical method for exploring havior of complex systems.

4

fation behavior experiments with
ter, but we illustrate model behavior
ivalent to two percent of GDP. In year
1, government purchases i by $400 billion/year. In Figure 2.5, the
results are displayed in t ys: graphically for AD and GDP, and in
excerpts from a consolidated balance sheet generated by SIMM.

2.3.3 Behavior. A full battery o
SIMM is beyond the scope of thi
with an exogenous demand sho

The graph shows the @onse of real AD to the sudden $400 billion increase
in nominal AD, Ned by a gradual decline due to a slight rise in prices
and a substanti % in government spending due to a minimum deposits
constraint an -debt policy (discussed in the next section). Real GDP
ds to changes in real AD and peaks after about three
with adjustments to capacity utilization, and continues to

mlld¢ sion a year after the boom. The short-lived stimulus raises
on capacity by $25 billion/year, only one-tenth of one percent
a its initial value. The price level (not shown) increases only slightly

0 er a two-year period and stabilizes at 1.005.

The balance sheet excerpts compare deposits before the shock and at the
end of the simulation period, with plus and negative signs indicating assets
and liabilities, respectively.” Initially, private sector deposits totaled $15.2

7 The consolidated balance sheet is displayed on SIMM’s user interface; it is the summation of the
sectoral balance sheets calculated within the Flow of Funds sub-model.

Get Started with Macro Modeling [11/17/20; 9849 words, including cover page] 11
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trillion, but they rose by $95 billion as a result of the brief period of
government deficit spending financed by drawing on deposits. The rise in
private sector financial assets was matched by a corresponding increase in
commercial bank liabilities. Moreover, it is easy to see the source of the $95
billion increase in the money supply: government’s account at the central

bank declined by the same amount. \Q

Government Spending Shock
20.4T

USD/Year
N
=)
=)
-

19.6T
0 1 2 3 4 5
Partial Balance Sheet i and Year 5
Households Firms Ban Government Central Bank

sum

-&-—-- year 0
Bank Deposits [ 10.200T |[ 5.000T 0.000T
Central Bank Deposits .200T |[ 0.850T |[ -16.050T | [ 0.000T |

a year 5
Bank Deposits | 10.264T 5.0‘ g -15.295T 0.000T
Central Bank Deposits [ 15.295T |[ 0.755T ][ -16.050T ][ 0.000T |

Fig. 2.5 GDP, AD, an@nce Sheet Effects of Government Shock

We also tested what happen if the same shock occurred without the
government’s de onstraint and no-debt policy; i.e., a different
1 policy. In summary, government spending would
year above its initial value, and the stimulus effect
would be m cater: real AD and real GDP would stabilize at $20.4

e by $991 billion, with Government Deposits $141 billion in
the central bank had monetized the debt. Inflation would be

that readers have sampled the structure and behavior of SIMM, we
11 present the detailed structure of the model. The next section is the ‘how
* > guide we promised—for purely reflective readers who may be curious
Q about some aspects of the model, and for active readers who want to build
this dynamic simulation model and play with it.

8 The alternative test results are not shown here. However, readers who play with SIMM will be able
to conduct both tests, with the minor modifications of equation 2.53 described in the next section.
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2.4 Detailed Structure of SIMM

In this section, our focus is on telling readers how to build SIMM. But we
know most will soon forget what they read here. Plus, it may not be obvious

how our general instructions are implemented with the software. What’s 0
more, a narrative alone may not provide the stepping stone to SD mac \
modeling for some readers. Therefore, guided by an ancient proverb,

provide parallel activities for showing how to get started and for in
those readers who want a hands-on experience.” Supplemental
for this chapter include access to a video-recorded demonstratidn, of the
process described in this section plus a downloadable version
online version at https://exchange.iseesystems.com/public/david imm can
be simulated without SD software; only an internet bro

G

2.4.1 SIMM Shell. The SIMM shell model—adapted t%the Template but
still without behavioral equations—is also include the supplemental
materials. To add equations to SIMM, it is advi download the shell
version to your computer and work with it (usingaf necessary, the free trial
version of Stella Architect'?). First, howevgrgfollow the narrative below
and start thinking about ways to fill th odels with equations that
represent your behavioral hypotheses o the supply and demand sides
of this very simple model economy.
L 4

e top level is identical to the diagram
1s possible to run the shell model and
see flat lines on a graph, but uld only confirm that there are no invalid
equations and that the sh del is initialized in equilibrium. Initially,

real GDP and real AD are ¢qual to algebraic combinations of constant
parameters within the@ply and Demand sub-models, respectively.

Opening the SIMM shell reveals t
displayed in panel (a) of Figure

Examine the equat.iogl units at the top level, and confirm that
real GDP = pro \capacity * capacity utilization {USD/year} (2.1)
real AD=A e index {USD/year} (2.2)
initial in:e@ =2e+12 {USD} (2.3)

N

quations are identities, true by definition. The initial value of
invent. $2 trillion) is ten percent of a year’s worth of real AD. This

e current United States economy but, of course, it is a high-variance
ayctage of higher ratios for manufacturing industries and lower ratios for

@rvice industries.

Z ° Googling “proverb, show, tell, involve” will remind anyone who vaguely remembers the proverb
and will introduce it to others.

10To get the trial version of Stella Architect, go to hitps://iseesystems.com/store/products/trial.aspx.
In the text, we keep software-specific instructions to a minimum and put them in footnotes. The
video-recorded tutorial includes detailed guidance for building SIMM with Stella Architect.
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As we explore the sub-models of the SIMM shell, keep in mind that the
placeholder parameters will become variables during the modeling process.
Also, distinguishing between a sub-model’s inputs and outputs is essential
to the use of the Template. Regardless of the modeler’s hypotheses, using
the Template requires thinking hard about what should be an output from
each sub-model and, consequently, what inputs are needed to make th
happen. We begin on the supply side.

Supply Side. Within the Supply sub-model, opening the Target su el

will reveal four parameters displayed at the top of Figure 2.6. een)
outputs from this sub-model are production target and ca target.
Initially, both outputs have the same constant values: $20 tridli SD/year.
Real AD and inventories are (red) inputs from the top le IMM.

Behavioral equations are needed to represent hypot s about how the
values of the outputs could change over time; i. w the parameters
become variables. That requires formulati titative functional
relationships between inputs and outputs.

The arrow connecting
the Target sub-model to
the Output sub-model

production

: »
means that outputs from : m" L target
| L

capacity
target

the former are inputs to

R tories
the latter.!!
% sub-model

Inside the Output sub-
model, the production

and capacity targets arQ | Ocapaciy ©) prie index
red, indicating the @ :

\
1
1
1
|
|
|
|
|
1
1
1
1
|
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|
|
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1
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utilization are ts to Syt .
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el. Again, the causal ~ N\ " coooooooooooooooooooooos -
fluences on the two

Fig. 2.6 Supply Side Parameters in SIMM Shell

¢ outputs will be specified

by the modeler’s behavioral equations.

"In Stella Architect, a connection between sub-models is analogous to a bundled set of wires that
can transmit information about more than one variable. In this case, the values of both production
target and capacity target are being transmitted to the Output sub-model.
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The final sub-model on the supply side is Price, in the middle of Figure 2.6.
With only one input—capacity utilization—there is an implicit hypothesis
that it influences the values of the price index and inflation. This sub-model
awaits specification of those equations.

Demand Side and Flow of Funds. We leave it to the reader to explore th\0
demand side of the SIMM shell (Figure 2.7). There, as expected, each
model-—Households, Firms, and Government—contains inputs fi

others. Of course, each sub-model needs behavioral hypoth d
equations for converting inputs into outputs. In the Firms del,
investment is displayed as both a green output and a re t. An

assumption in SIMM is that only business firms purchase capi ods used
for producing other goods. Therefore, investm %ending is
simultaneously an output (expenditure) and an input (rev .

i
@ govt purc H
H.taxes ’

|
© tax

, H.consumption investment G.govt purchases\\‘

S * e &
. &

i P.price index e.real GDP
i

1
| H :

F.wages & dividends G.tax rate ' : @ :
: .\ ©

Households ! *wages & dividends  Firms A

© ©

investment

@@7 Demand Side Parameters in SIMM Shell

N

Three ox demand-side outputs merit special attention: household

consu , business firm investment, and government purchases of

£00 services. The values of these outputs are transmitted to the Flow
nds sub-model displayed in panel (d) of Figure 2.2, where their

s ation constitutes the aggregate demand that is transmitted to the top

@Vel of the model.

Q* 2.4.2 Equations in SIMM. 1t is now time to populate the barren sub-models
of the SIMM shell with equations that use behavioral hypotheses to
formulate causal relationships between sub-model inputs and outputs.
Readers who build the model will need to create the stocks, flows, and
feedback loops and insert the equations provided for each sub-model. We
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want to emphasize, however, that the particular behavioral equations in
SIMM are not our primary interest in this chapter. Instead, we want to
demonstrate that the Template is flexible and can accommodate various
hypotheses that reflect the thinking of diverse modelers and their purposes.

The source of behavioral hypotheses is the mental model of an individu
modeler—how she thinks the economy works. Let’s imagine that she
been invited to conduct a brief introductory macro modeling works
hopes to find something useful to convey to a diverse group that

university students, business people, and professional economis ith that
in mind, she selects a small set of simple hypotheses for a d tration
model called SIMM. She realizes her model economy is o simple
for many in her workshop, but she hopes they see some eful in her
way of organizing ideas about the economy. Let’s ate how her

presentation might unfold, starting on the supply side\

Target Equations. She begins by specifyi ations that reflect
hypotheses about how an economy’s busin firms set goals for
production—in the near term and for the futusey In SIMM, those goals are
variables called ‘production target’ and * target.’

In SIMM, the distinction between equations for current production and

future capacity is simply the rel fime horizon. Current production
decisions are influenced by r sales trends and by production
adjustments needed to maintaj easonably consistent ratio between

to supply what customer buy at current prices, even if that means
under-utilizing current capacity or working overtime. On the other hand,
decisions about changi duction capacity for the future are riskier and
more costly; produ.c e more time to estimate future aggregate demand
and the relevant re measured in years rather than months.

expected sales and invent% imply put, the producers’ short run plan is

continuousl ated information smoothed over different time periods,
with mor ight assigned to recent periods (i.e., exponential averaging).
Such @ation stocks are used to represent states of perception or
expec based on past trends, and are analogous to the ‘adaptive

b

e ons’ concept in the economics literature (Pearce 1992, p. 5)."

4

,&0

12 The information stock concept stems from the fact that the value of a real-world flow cannot be
measured instantaneously and, therefore, the perception depends on a stream of information collected
and averaged (in this case, exponentially) over time. Broader discussion of information smoothing
can be found in Forrester (1961, appendix E) and Sterman (2000, chapter 11). The implications of
alternative assumptions about expectations are discussed in Carlin and Soskice (2015, chapter 5).

A simple wa&rmulate these hypotheses is to think of both targets as
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AS Figure 2 . 8 4 capacity target

illustrates, stocks can | | Goer. <]=‘5=’O emrealao
be used to represent O\ production e AV.
the accumulation of Q| T el
information, as well ventories
money or materials.'? 2 ote Q't

ety o
The first smoothing Fig. 2.8 Target Sub-Model in SIMM

process exponentially ’\
averages real AD data and generates an expected (short run) A%;i k of
this as continuously updating one’s expectation of AD as newi ation
becomes available. The production target includes expecté plus the
inventory adjustments necessary to approach the target 1 ies.

production target = expected AD + inventory adj rate \{USD/yr} 2.4)
expected AD; = expected ADca + A expected AD * dt o {USD/yr} (2.5)'

initial expected AD =20e+12 {USD/yr} (2.6)
A expected AD = (real AD — expected AD) / EADAT: {USD/yr/yr} (2.7)

EADAT = expected AD adjustment time = .25 {yr} (2.8)
inventories adj rate = (ICT*expected AD - invento, IAT {USD/yr} (2.9)
ICT = inventories coverage target = 0.1 d {yr} (2.10)
IAT = inventories adjustment time = 1.0 Q {yr} (2.11)

The production target is then smoot&gwer a longer time period to derive
the capacity target.

capacity target:= capacity targett-@pacity target*dt {USD/yr} (2.12)
initial capacity target = 20e+ {USD/yr} (2.13)
A capacity target = (producti et-capacity target)/CTAT {USD/yr/yr} (2.14)
CTAT = capacity target adiistm ttime =1.0 {yr} (2.15)"

The modeler specifi
2.13). Note, howk
equations 2.5 an

o\\O

13 A figst-Oder smooth function in SD software (e.g., SMTH1 in Stella Architect) is mathematically
Q o a stock adjustment process like those displayed in Figure 2.8. The advantage of using
t

initial values of stocks (e.g., equations 2.6 and

that the SD software automatically specifies

and all other stock accumulation equations in the
oes not write those equations.'®

ooth function is its visual simplicity; its icon is one small circle. The disadvantage is that it
ovc s a feedback process involving the stock and its flow. Here, we use the bulky stock-and-flow
@ms to reveal those ‘local’ feedback loops.

dt (‘delta time’) is the length of time the computer takes to recalculate all the variables in a model
during a simulation run. It has the same units (e.g., years) as time-related parameters in a model, but
Q it has no counterpart in the real-world system being modeled. It is definitely not a hypothesized
‘delay’ or ‘lag’ in decisions or actions. The modeler specifies the value of dt and, to avoid integration
errors, it should be smaller than the shortest delay parameter in the model.

15 The adjustment time CTAT refers to setting the target and not for actually adjusting capacity.

16 Also, to simplify the equation text, we deleted prefixes from the variable names displayed in the
diagrams. The prefix refers to the source sub-model and indicates where the variable originates.
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Equations 2.4 —2.15 give operational expression to our workshop leader’s
behavioral hypotheses. The production target is a short run plan in light of
current conditions. Changes in production capacity, however, involve costly
employment and investment decisions. The capacity target is therefore
assumed to develop more slowly, reflect a long-term strategic outlook, and 0
give less weight to short-term inventory fluctuations. \

This first set of equations also illustrates the conversion process requi

each sub-model. While some conversion process is mandatory, the. ic
process is discretionary. Given the same inputs and outpu % rent
modelers could use different sets of equations for the conversi
1.e., they might operationalize different behavioral hypot
used here by our workshop modeler. For example, ex

could be given to the effect of AD’s rate of change on th acity target.

Also, the specification of inputs carries with it so plicit hypotheses.
For example, a modeler who doubts the si ance of inventory
adjustments in the production decision might nofanclude inventories as an
input to the Target sub-model. In practice, thesgfore, the Template-guided
process encourages this sequence: (1) speei e outputs from each sub-
model and (2) let hypotheses about thos ts guide the choice of inputs.

*

Recall that the SIMM shell model
each set of sub-model equatio
parameter value assumptions.

1alized in equilibrium. Likewise,
in equilibrium, given the initial
. an easy validation that sub-model
equations have been writte tly is to run SIMM and confirm that it is
still in equilibrium before g on the next sub-model. This equilibrium
test 1s the simplest exan$o a ‘partial model test’ (Homer 1983, 2012).

Output Equations. N e modeler must decide how to specify equations

that use the inf about targets for current production and future
capacity. The e s must generate output in the short run and modify
capacity to m& duction goals expected in the future.
L/

Figure 2%121% the Output sub- - arc
model@ IMM. Changes in production|| 1___ 4 SO
produdtioR capacity are relatively capaclty | A'\:’
s develop, especially if that ) @

T.capacity

1 ves a big change in investment cavacty
ﬁd employment. In the meantime, | utiization

e production target forces a T.production
target

* decision about gapamty utilization, Fig. 2.9 Output Sub-Model in SIMM
the extent to which employed labor

and existing capital equipment will actually be utilized in the near term.

PCAT target
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capacity utilization = (production target/production capacity) {unitless} (2.16)17

production capacity:= production capacityrdt + A PC *dt {USD/yr} (2.17)

initial production capacity = 20e+12 {USD/yr} (2.18)

A PC= (capacity target — production capacity) / PCAT {USD/yr/yr} (2.19)

PCAT = production capacity adjustment time = 3.0 {yr} (2.20) 0
Price Equations. Figure 2.10 '"i'gi:j/. Outﬁ?g@
displays the Price sub-model. inflation
The hypothesis is that an © .
increase in capacity utilization T A price index CU el
above the normal Ilevel — /\] 5 \
generates cost pressures that index %
eventually translate into price 6 ’\
increases, influencing both the - . @
price index and its annual rate Fig, 2.10 Price Sub- in SIMM
of change—inflation. The logic is compelling, but agnitude of cost
pressures stemming from higher-than-normal utilization is an
empirical question. Thus, the equation for indi 1ce includes an easily

adjustable elasticity factor.

initial price index = 1.0 {unitless} (2.22)

price index: = price indextdat + A price index "Qp {unitless} (2.21)

A price index = (indicated price — price index) T {per year} (2.23)
PAT = price adjustment time =1.0 P {year} (2.24)
indicated price = price index*capacit &wnACU elasticity ~ {unitless} (2.25)
CU elasticity = 1.0 {unitless} (2.26)
inflation = 100 * TREND(price in@ {per year} (2.27)'8

Partial Model Testing. In € the three supply-side sub-models, the input
and output parameters injtially’planted in the barren shell have now become
variables that can changg,over time. With all variables defined, the supply

side can function as nd-alone model and, if simulated now, it should
still generate fla n a graph. Equilibrium partial model testing is an
essential validat ol, but the supply side model is ready for a more
interesting te at would happen on the supply side after an exogenous
shock to r ? There would be considerable activity on the supply side
but, with. y feedback effects on the demand side, there would be no
multiph ects. We leave it to the curious reader to try such a test.!”

ﬁle supply side as suggested above is another type of partial model

teSti It is useful for de-bugging the half-finished model (since it should be
ift equilibrium before the shock) and for analyzing its behavior after the
ock. The supply side is simple enough that the chain of causation should

17 In SIMM, capacity utilization is normalized and equal to 1.0 (100%) initially.
18 In Stella Architect, the TREND function computes percentage change over time.

19 For example, add this term to the real AD equation: STEP(200e+9,1) and run SIMM. It should
begin in equilibrium until shocked in year 1 with a $200 billion (one percent) increase in real AD.
Don’t forget to remove this extra term (or multiply it by zero) before continuing to build SIMM.
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be easy to trace in order to compare behavior in each sub-model with
expected behavior.

A cautionary note about partial model tests triggered by exogenous shocks:
there is no feedback effect on the sub-model being tested. For example, 0
during the test of the supply side model, the demand side neither receiv

nor returns any effect. Thus, except for the initial shock effect, such pargia
model tests cannot say much about what would ultimately happen insi

partial model if external feedback loops were active. Bottom line, u al
model tests for limited, well-defined purposes (e.g., de-bugging t for
answering ‘what if...” questions. With this caveat in mind, model

testing can be useful in another way: testing (and impro arameter
estimates. This validation technique was the main moti r Homer’s
(1983, 2012) paper.

Readers are also encouraged to do equilibrium pa odel tests on the
demand-side sub-models, to which we now tu ention.

Demand Side Equations. The demand side 1 about spending, and each
sub-model is structured as a simple stoc rocess. The stock contains
money in the form of bank deposits, to there is an inflow of revenue

and an outflow of expenditures (all megsured in nominal terms).

In the absence of credit opportuniti
each institution is that margin

e behavioral hypothesis common to
ding decisions are influenced by the
amount of ‘money in the ouseholds might be concerned about
financial security, firms ave liquidity and cash flow concerns, and
the government in SIMM is réstricted (politically or constitutionally) from
debt financing. Whil% motivations can be characterized somewhat

differently for each @nstitution, a key parameter for each is the deposits
coverage target ired number of months” worth of spending ‘in the
bank.” For exa e households’ deposit coverage target is assumed to

be nine mont
o

The imp% n of this target is that household deposits—most of the

mone —have a direct influence on consumption in SIMM. Business

firm d ts also affect consumption because household disposable income

1 dividends—the marginal expenditure for business firms after

comSideration of earnings that might be retained. And, of course, disposable

ﬁome adds to household deposits. Let us now examine the demand side
* tails.

Firm Equations. The stock-and-flow structure in the Firms sub-model is
displayed in Figure 2.11. Business income is the sum of consumption,
investment, and government spending on goods and services. Expenditures
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consist of factor payments (wages and investment?’) and distributed profits
(dividends).

The residual spending income ures
. . C 6 D Firm 6 D C
lssue lS about /'4 ’\ peposits '\'\‘ ~ factor pmts [ investment
dividends and retained s | e or | O
: : ! | /T~ wages
earnings. The deposits | #consimpton g N | @
\. v v

coverage target (DCT) Gt purcheses ~——(" >

dividends wages &iyi

is three months. Th}S Fig. 2.11 Firms Sub-Model in SIM
means the model’s

firms try to maintain deposits at a level equal to 25% of a yeéorth of
revenue. If deposits fall below that level, dividend payoutsQ'\ reduced
and retained earnings will increase. Conversely, divide 1 be higher
when there is ‘more than enough’ money in the bank.

Firm Depositsi= Firm Depositst.dt + (income — expenditureO {USD} (2.28)
initial Firm Deposits = 5.0e+12 {USD} (2.29)

income = consumption + investment + govt purchase {USD/yr} (2.30)
expenditures = factor pmts + dividends {USD/yr} (2.31)
factor pmts = wages + investment o {USD/yr} (2.32)
wages = real GDP * labor share * price index {USD/yr} (2.33)
investment = real GDP * propensity to inves@e index {USD/yr} (2.34)
dividends = (Firm Deposits / DCT) — factor payments {USD/yr} (2.35)
DCT = deposits coverage target = 0.25 4 P {years} (2.36)
wages & dividends = wages + divider&\ {USD/yr} (2.37)
propensity to invest =0.15 {unitless} (2.38)
labor share = 0.75 @ {unitless} (2.39)
Household Equations. revenue expenditures
In the absence of debt oo e DO
service, consumptior@ seposable 1
spending is the o neame. () @ cooxree @) consumption
household outl ’/ \é t
Figure 2.12. Asfoged | % 7O = e O
. . .wages & dividends
carlier, ~ cons 10n Fig. 2.12 Households Sub-Model in SIMM
depends og the level of
deposits e coverage target. In SIMM, that target is equal to nine
monthQ h of disposable income. Consumption is lower than it
otherwa ould be (and saving is higher) when bank deposits fall below
desi vels, and conversely. The smooth function in equation 2.46 causes

umption to adjust gradually to changes in Household Deposits.

'Household Depositst= Household Depositst-at

+ (revenue — expenditures) * dt {USD} (2.40)
initial Household Deposits = DCT * disposable income {USD} (2.41)
revenue = disposable income {USD/yr} (2.42)
expenditures = consumption {USD/yr} (2.43)

20 Recall that the Firms sector is both the purchaser and the producer of all capital goods in SIMM,
which makes investment a component of both expenses and income. Also, note that business firms
do not pay taxes in this model because all taxes are paid by households affer profits are distributed.
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disposable income = wages & dividends — taxes {USD/yr} (2.44)

taxes = wages & dividends * tax rate {USD/yr} (2.45)
consumption = SMTH1(Household Deposits / DCT,.25) {USD/yr} (2.46)
DCT = deposits coverage target = 0.75 {years} (2.47)

Government Equations. The final sub-model on the demand side 1| Q
Government (Figure 2.13). The tax-generated funds in the Govt Deposi
stock are ‘on deposit’ at the central bank and not counted as part of

money supply. N
revenue expenditures
: : Govt
The premise  1s that %5=[> Deposits %@

government spends all o
the taxes paid, but in a o 8 ourchases

delayed response to Hitoxes  tax rate Qg

the perceived level of

available funds. The Fig. 2.13 Government Sub 1 in SIMM
deposits coverage target is three months. With ion for borrowing,
deficit spending is not sustainable, although iéls over short periods
when tax revenues rise or fall, due to the delayedfesponse in the spending

function (equation 2.53).

Govt Deposits = Govt Depositst.dt + (revenueQnditures) *dt {USD} (2.48)

initial Govt Deposits = DCT * taxes P {USD} (2.49)
revenue = taxes \0 {USD/yr} (2.50)
tax rate = 0.20 & {unitless} (2.51)
expenditures = govt purchases {USD/yr} (2.52)
govt purchases = SMTH1(Govt Dgposits / DCT, .25) {USD/yr} (2.53)

DCT = deposits coverage tar {years} (2.54)

Full Model Testing. No additional behavioral equations are required, since
the remaining sub-mod low of Funds—uses only the identity equations
included in the shel sion of the model. SIMM is now complete and
ready for full m &s ing. If everything has been defined and connected
correctly (confi by partial model tests after each sub-model was
formulated), del should still be in equilibrium with real GDP and real
AD equal @) trillion per year. You should see flat lines when you
simulate.w , review each step in the instructions and eliminate the bugs.

Wheway, conduct a more interesting test: the government spending
escribed in section 2.3.3. Two scenarios were tested: (1) with
’s no-debt assumption and (2) without that assumption. To replicate
é)se experiments, make two changes in Equation 2.53. To activate the
* ock needed for both scenarios, add this STEP function to the equation:
STEP(400e+9,1). The second scenario requires overriding the deposit target
constraint on government spending. This can be done by specifying that the
shock is added to the initial spending rate, by using the INIT function as
follows: SMTHI1(INIT(Govt Deposits) / DCT,.25) + STEP(400e+9,1).
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In the appendix, we provide an alternative set of equations for the
government sector and illustrate a way to redesign fiscal policy.
Specifically, we convert the tax rate from a parameter into a variable. The
desired tax rate depends on the gap between the desired level of deposits

and the actual level.
&

2.5 Concluding Thoughts .Q

)

This chapter has focused on building a macro model from scrat Qe also
want to recommend the Template as a tool for comparing di t ideas

about how a macroeconomy works. The Great Recessi aled the
fragility of the so-called ‘macroeconomic consensus’ eliance on
dynamic stochastic general equilibrium (DSGE) mode obel laureate

Robert Solow (2008) called the economics storyling§inherent in DSGE
models a "rhetorical swindle" that the "macro com ity has perpetrated
on itself, and its students" (quoted in Colande > P- 2). A systematic
critique of orthodox (and heterodox) models requiges a transparent tool that

facilitates comparing models, and we think emplate can be useful for
that task (Wheat, Oliskevych, and Novik

Organizing alternative sets of behgvioral hypotheses in a common

framework enables comparing t Gture and behavior of competing
models. The Template may gen new insights when existing models
are re-imagined and re- framed ample, the algebraic representation of

the standard Keynesian Cr: del with autonomous (i.e., exogenous)
investment is revealed to Qlematlc when separate household and firm
sectors are specified in a dynamic version of that model. The deposit stocks
for the separate sectoré not constant even when the aggregate flows
imply the model ig 1 ilibrium. Stock equilibrium is achieved only by
assuming an a ¢ private sector with no distinction between

households and

We are Ju&t@ng started with this kind of analysis. Others we have re-

framed 1 basic versions of the IS/LM and AD/AS models, an early

SD- ba@ cro model (N. Forrester, 1982), the first published version of

(Wheat, 2007), and the so-called ‘three equation’ New

model (Wheat and Oliskevych, 2018). Several chapters in this

\% e present interesting models that address macroeconomic issues, and

$ plan to use the Template to re-frame some of those SD-based macro
* odels and compare them with each other and with MacroLab?20.

Q Our ‘plug and play’ metaphor for the modular MacroLab Template is not
meant to imply that building a model is like connecting components of a
home entertainment system. Theory building is hard work. However, after

21 Then total private sector deposits are constant in the Keynesian Cross model (available on request).
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alternative hypotheses have been developed, it is relatively easy to place
one in the Template and, later, replace it with another and analyze the
change in model behavior.

When the modeler adds (‘plugs’) particular behavioral equations in one
sector of a Template-based model, the framework motivates thinking abo
how they might (or must) fit together with equations in other sectors. As
model takes shape, testing and analysis require simulation runs (‘p

check for math mistakes or other bugs, to stress-test the model unde S
conditions, and to gain insights regarding the source of dynami %Vior
emerging from the model. Stripped to its essence, therefore, ‘pm&d play’
means a relatively easy way to experiment with altema’@havioral

equations in a model and analyze the simulated behavio

Simple macro models lack structural details necessary enerating all the
stylized patterns of a real-world economy, but they ¢ ovide a foundation
on which to build a more realistic model. That i rpose with SIMM;
it is a small dynamic macroeconomic mo at is easy to build,
understand, critique, and change. o

Of course, changing SIMM is not limitxtensions. Total replacement
is always an option. It is merely a gfartef model containing behavioral
equations that operationalize simpl@§postulates about complex real-world
decisions and actions. Viewed ig that light—as statistician George Box
(Box and Draper, 1987, p. 424F¢etinds us about all models—SIMM 1is
‘wrong’ because it is not thgsgOtaplete truth; but (Box adds) it still may be
‘useful.” It could be usefi @ provides some readers of this chapter with
insights about the structure and behavior of a national economy. Even more
important for our purpc§¢e consider SIMM useful if it motivates others
to try the Templat.e anizing their own hypotheses into an SD-based
macro model wh& ing for new insights that may emerge. To illustrate
that process, we tde a variation of SIMM in in the appendix, where we
present an alt e behavioral hypothesis for the government sub-model.

L/
We want&phasize, however, that the example of an isolated change in

the g nt sub-model illustrates not only the hypothesis substitution
proce also an important constraint on that process. The constraint can
b, ssed in simple terms: it’s difficult to do ‘just one thing’ in a

lex feedback system. In the appendix, when only the government sub-
$ el equations are modified, the government remains solvent in the face
population-induced obligations, but rising tax rates reduce household
* disposable income and, consequently, household consumption. The new
Q fiscal policy becomes untenable, economically and politically.

Therefore, our advocacy of ‘plug and play’ with the Template comes with
a caveat. The viability of an alternative hypothesis—including a new policy
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idea—requires analysis of how the whole system responds to the change in
structure. Isolated experimentation with alternative behavioral hypotheses
may not produce expected results even if all the parts fit together nicely and
the model seems to work. Alterations in one sub-model may necessitate
alterations in others. We call this systemic plug and play because it requires
thinking of an ensemble of alternative hypotheses and how they perfo
together rather than separately. Our caveat, far from being mere fine pai
on the label, is fundamental to the holistic perspective inherent in
approach to macro modeling.
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Appendix

As explained in section 2.5, we now experiment with a different government
sub-model for SIMM, based on an alternative behavioral hypothesis about
fiscal policy. The top panel of Figure 2.A1 displays the original hypothesis, Q
while the alternative is in the bottom panel. \

N,

The GSSCntlal dlffel‘el’lce revenue expenditures

Govt L /
between the hypotheses O=’6=l> Do 5
1S a constant tax rate in -
the original sub-model ® O ~_ O &
compared to a variable e o o &
rate in the alternatlive. Original Government Sub-M 2.13)
The latter also requires -~ 4

Govt
Deposits

the tax base (wages & | O————1

dividends), an input

from the Firms sub- & o Nz P o
model. Two other new "“e i O Osar /O' o
inputs (population and s :’;i;i O omr /,(f?.dm'p””'m"
price index) are needed o O ° - p@? O Srinases

to specify that e . 9 5

purchases reflect a Adternative Government Sub-Model

policy of maintaining Fig. 2. ypotheses for Fiscal Policy in SIMM
constant real spending

per capita. Only new or modifie

Peqmations are listed below.

govt purchases = population*purch capita + exogenous purchases  {USD/year}2A.1
purchases per capita = initial pu @ per capita * price index {USD/year/person} 2A.2
exogenous purchases = 200e+9 {USD/year}2A.3

deposits adj rate = SMTH1(( ditures*DCT-Govt Deposits) / GTAT, .25) {USD/year}2A.4
GTAT = government deposi@mtment time = 1 {year}2A.5
desired revenue = govt p ¢s + deposits adj rate {USD/year} 2A.6
tax rate target = desir&&r e / wages & dividends {unitless} 2A.7
tax rate = 100*SMT%" ate target, TRAT, .20) {unitless} 2A.8
TRAT = tax rate adj t time = .25 {year} 2A.9
population = 320 {persons} 2A.10
initial purcwsé capita = 10000 {USD/year/person} 2A.11

calculates the gap between desired and actual deposits, given

nt time for closing the gap. Desired revenue (2A.6) is the sum

of gayethment purchases and the deposits adjustment rate. The tax rate

Q A.7) is the quotient of desired revenue and the tax base. Finally,

tv x rate (2A.8) adjusts towards the target. The tax rate is still an output

Q the Households sub-model, and a feedback loop is closed when the
ouseholds pay the taxes to the government.

We discuss one simulation experiment here; namely, the broad impact of
population growth on output, via changes in government spending. In
Figure 2A.2, the simulation results reflect a 1 percent annual population
growth rate. By year 5, the growth rates for real AD and GDP (top panel)
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are approaching a steady annual growth rate of only 0.02 percent—just 1/50
of the population growth rate—a rate lower than we might have expected.

Population Growth Shock with Alternative Fiscal Policy

20.04T
_ e R Q
@
£ 20.02T | *\
(=)
8 \

....... ml GDP PR ml AD
0\
20.00T /< 7 7 | Q
0 1 2 3 & 4

Partial Balance Sheet in Year 0 r5
Households Firms Banks Go ment Central Bank
sum

year,

Bank Deposits [ 10.200T |[ 5.000T |[ -15.200T 0.000T

Central Bank Deposits 0.850T |[ -16.050T | [ 0.000T
r5

Bank Deposits | 10.143T || 5.029T 0.000T

Central Bank Deposits [ 0.878T |[ -16.050T | [ 0.000T

Fig. 2.A2 GDP, AD, and Balw heet Effects of Population Shock

The bottom panel displays ance sheet effects and shows the money
supply decreasing by $28 over the five-year period. Where does the
money go? To the goyesnment, where deposits increase by the same
amount. The intent o alternative fiscal policy is to raise taxes to meet
the twin goals of e -capita spending and the maintenance of desired
deposits when b Mg 1s not an option. Those goals are achieved, but the
cost is a reducti

the money supply and only weak economic growth.
e of the small net impact on aggregate demand is found
s sub-model, where total and per-capita consumption are
year due to the fall in disposable income.

This@native fiscal policy is not a viable option unless other parts of the
I'€conomy are also reformulated to respond to the population change.
Forexample, the labor force should be growing. Moreover, population

owth can encourage innovation on the supply side, with implications for

oduction capacity. But our single alteration has not addressed those
‘other’ parts of the model economy. As emphasized in section 2.5, it’s hard
to do ‘just one thing’ in a complex feedback system. Modelers must
consider whether substituting an alternative hypothesis in one part of the
model is compatible with hypotheses that remain in other parts.
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