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Introduction

Economists began to construct empirical macroeconomic models depicting
characteristics of economies during the 1930s. One of the first of these is the
econometric model of the United States economy created by Jan Tinbergen [35]
during the years immediately after the publication of Keynes’ General Theory of
Employment, Interest and Money [15]. Tinbergen’s model was strongly influenced by the Keynesian paradigm, although Keynes himself was famously rather
critical of Tinbergen’s work [24, 27, 36]. A fundamental property of Tinbergen’s
model, as well as subsequent econometric models constructed by Lawrence Klein,
Arthur Goldberger and others in the years since [3], is the explicit attempt to represent the salient characteristics of particular historical economies, including on a
case by case basis national and sub-national economies and, in certain instances,
even multinational economies as well as the entire world economy.
In contrast, the models considered in this document, which are described in detail by Wynne Godley and Marc Lavoie in their recent book Monetary Economics.
An Integrated Approach to Credit, Money, Income, Production, and Wealth [9,
34], represent less of an attempt to characterize any given economy than to consider evaluatively the logical implications of specific economic theories. Godley
and Lavoie characterize themselves as Post-Keynesian and in Monetary Economics the discussion from the beginning focuses on the particulars of a range of macroeconomic theories. However, there are also certain strong commonalities between aspects of the approach adopted by the builders of structural econometric
models and the models that populate Monetary Economics. One of these is the
stress placed upon economic accounts and the role of these accounts as a modeldefining element. Yet another is a consideration of the behavioral characteristics
of economic agents within this framework, even if there are also significant differences caused by the emphasis, in the case of the econometric model builders, upon
the behavior of a specifically defined group of historical economic agents and, in
the case of Godley and Lavoie, upon a theoretically defined set of behavioral
characteristics of economic agents as more generalized actors. At this stage, it is
too early to try to delineate more conclusively and comprehensively the various
similarities and differences between the approaches, but it is important to recognize from the beginning that the focus in this document will be upon economic
theory as a way of thinking about economic behavior, rather than upon the various
tenets of econometric theory and quantitative macroeconomics.
From the time of Leon Walras and Knut Wicksell at least, in the second half of
the nineteenth and early twentieth centuries, economists have considered economic systems as potentially representable as sets of equations that form a state-
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ment about the possible modes of aggregate economic behavior. It is of course
possible also to point to the work of Sir William Petty in the seventeenth century
and de Quesnay in the next century as even earlier attempts to define economic
systems, but these attempts to characterize economies represent less formalized as
well as less complete statements of economic interrelationships. Furthermore,
macroeconomics, in particular, is a Keynesian creation, both in its definition of the
aggregate concepts and in its sectoral treatment of an economy [16, 18]. However, Godley and Lavoie hold that their approach departs even from Keynes’
original conceptions, in its grounding “in a rigorous and formal model of a complete system, capable of expression in a well-articulated mathematical model”[8,
p. 2]. They maintain that fundamental to their approach is a “presentation of a
complete system of accounts in which all the major components of national income and flow of funds (some thirty current price variables including money and
equities) are represented in a matrix as transactions between sectors so that all sectoral inflows and outflows sum to zero and all financial balances cumulated so as
to generate stock variables. From that starting point, a system of behavioral relations, describing processes occurring in chronological order, will be specified
which, while individually familiar, will build up into a single model capable of
tracking how a whole macroeconomy might evolve through time, including every
variable in the current price matrix as well as prices and every ‘real’ variable of
importance, conditional upon a very small number of exogenous variables—
namely real government expenditure, the average tax rate, the bill rate of interest,
and some representation of the way in which expectations are formed” (p.3). This
summary of course describes the ultimate model, rather than the simple model that
is considered at the beginning. Godley and Lavoie assert that for any model the
“quality of the model is to be judged by whether it solves, whether the accounting
constraints are satisfied, whether it is stable over a range of parameters and
whether repeated simulation, under alternative assumptions about exogenous variables and parameters, brings understanding about how real-life economies work,
in particular how the financial system interacts with the ‘real’ world of production,
consumption, employment, etc” (p.3). It is possible to view these declarations as
representing a sharp departure from the approach traditionally adopted by econometricians. However, if the models proposed by Godley and Lavoie are interpreted as representing hypotheses about economic behavior, then it is instead possible to see their approach as similarly scientific in its attempt to propose and later
validate an operative logical statement about economic behavior. It is not necessary yet to consider the specific validation criteria that might be used to assess either success or failure.
One aspect of the approach that particularly deserves notice at the outset is that
it does not necessarily depend upon the historical empirical observation of particular modes of economic behavior. We are free to imagine unobserved behavioral
patterns, if we wish, irrespective of any difficulty that might be encountered justifying such imaginings as being relevant to any actual economy. In contrast, the
traditional econometric approach involves the use of historical data in order both
to formulate specific behavioral relationships and to estimate their parameters.
Although in principle this traditional approach does not rule out the creation of a
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model that might simulate economic behavior quite different from that observed
historically, it is generally the case that the macroeconometric models that have so
far been created have not been notably robust as descriptions of behavior quite different than that observed on the basis of the sample data.
It is not necessary to begin from the position that only one of these approaches
is the “correct” one. Instead it might be quite educational to begin from an openminded consideration of each approach as potentially complementary to the other,
rather than necessarily a competitive alternative. A common aspect that deserves
consideration is the idea that economies are “organisms comprising interdependent activities which evolve sequentially through historical time in response to the
circumstances in which they find themselves, and in accordance with the diverse
motivations, constraints and resources of firms, governments, households, and
banks” [8, p. 2]. Few economists are likely to question the validity of this statement, even if disagreements are possible concerning the way in which these
organisms are operationally represented. There is much to be said in favor of
considering diverse ways of representing economic systems, rather than simply
plowing the same furrow year after year. It is certainly true that during the
twenty-first century the world’s economies have so far demonstrated behavioral
patterns that are far from being fully understood. What may be most important, as
a principle upon which such investigations proceed, is the presentation of the findings in a way that permits others to replicate them, so as to be able to more fully
comprehend their implications.
Of course the representational computational technologies presently available,
compared to those of a hundred or even fifty years ago, offer considerable potential to model economic behavior in various ways. The available data base, although far from perfect, represents a fundamental advance even on that available
as recently as the 1950s. Similarly, the electronic computer, which first began to
be used by economists only in the early years of that decade, has now reached the
point of permitting calculations in a matter of seconds that would have required
years of effort on the part of an economist then [31]. The MODLER software, aspects of the use of which are described in this document, has played a part in the
productivity gain just described. It has been used interactively on networked
computers since 1970 and, since the early 1980s, has been used worldwide on microcomputers, dating from the time it was first “ported” to the original IBM Personal Computer, or PC, as this type of machine has come to be known. The development of this software originally began in 1968 on an IBM 7040 mainframe
computer [29]. The first interactive version was begun in 1969 and in early 1970
it was mounted on a Digital Equipment Corporation PDP-10 time-sharing mainframe computer at the Brookings Institution in Washington, DC; unusually for that
time, terminals hardwire-linked to this machine were installed in offices and
spaces throughout the Brookings and adjacent buildings. The impetus to develop
this version of MODLER was simply to provide software to estimate the Brookings Quarterly Econometric Model of the United States on that new machine, but
once installed it quickly began to be used generally by Brookings economists and
others. In 1970, MODLER thus became one of the first generally-used working
examples of an interactive, multi-user computer program; it is the first interactive
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statistical or econometric software package, being also one of the first computer
programs to offer free-format interpretive commands as the means of controlling
its operation [30].
Subsequently, during the early 1970s, MODLER evolved into an integrated and
comprehensive package designed to support the development and use of econometric models generally. Later, once converted for use with the IBM PC at the
beginning of the 1980s, MODLER was the first integrated econometric software
package to be offered to users of this class of machine. During 1982-84, it was the
basis for the first estimation and solution of an econometric model on the microcomputer, which included not only Klein Model I, but also small to medium size
models of the UK and World economies. Beginning in September 1984, it was
the basis for the first general use of large-scale econometric models in a microcomputer context, in the form of the Wharton PC-Mark7 Quarterly Econometric
Model of the United States, a 250+ equation model. In early 1985, it was then
used to estimate and solve the Wharton Mark VII model, containing 600+ equations, which at the time many doubted could be estimated and solved on a microcomputer. Since then versions of this software have been used to solve models of
up to approximately 3500 equations in size, although the standard version is limited to 1000 equations. In addition to Wharton Econometric Forecasting Associates, MODLER was adopted in the 1980s by such well-known US economic consulting firms as Chase Econometric Associates, Data Resources Inc, Lawrence
Meyer and Associates, and Townsend Greenspan & Company, many of the clients
of these firms, as well as by many other consulting firms and people worldwide.
By the late 1980s, the software was in general use in such European countries as
Belgium, Denmark, France, Germany, Greece, Italy, the Netherlands, Norway,
Spain, and Sweden, as well as in Africa, Australia, Canada, Central and South
America, Mexico, the Middle East, Japan and Singapore. Among the types of users, it is now used in brokerage firms, central banks, corporations, and universities, as well as by local, national, and international organizations and governmental agencies.
However, such a description does not entirely convey the essential characteristic of the microcomputer computer revolution of the past 30 years, which is the
degree of replicated use it supports. Prior to 1980, mainframe computers were located in many places around the world and some of these could be accessed from
a dial-up telephone link from virtually anywhere, providing in principle worldwide use. However, the significance of the personal computer is that with the advent of this technology, for the first time, it became commonplace to transfer copies of software and models from one computer to another, thus allowing the
creation of a true worldwide community of users. As early as 1970, or before, it
was in principle possible to move a model from one machine to another, but not
easily; often this involved considerable additional programming and was a rare
event. The truth is, prior to 1984, very few economic or econometric models,
other than Klein Model I, were ever mounted on more than a single computer [14].
The modern ability to share easily both large and small models across many machines constitutes a major breakthrough, yet one that has so far been only partially
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realized. As surprising as it may initially seem, these are still the early days of
econometric computing and you are one of the pioneers.
Following from the earlier discussion, the subject matter of this workbook can
be interpreted in either of at least two different ways. It is possible to focus on the
specific Post-Keynesian characteristics of the Godley-Lavoie models and then to
view this workbook as a starting point for the further development of models of
this type. Alternatively, it is possible to view the Godley-Lavoie models simply
as providing a case study that can serve to motivate the more detailed consideration of economic models of a variety of different types, including New Keynesian,
New Classical, Real Business Cycle, and others. The aspect of computer-based
models that deserves attention is that the process of creating such models provides
a means of clarifying, in an objectively logically consistent way, the implications
of the assumptions that stand behind them. Literary, non-operative models, which
theoretical economic models have historically been, because they are fundamentally non-rigorous in formulation (notwithstanding the common use of mathematical symbolism), offer simply an opinion about the possible behavioral characteristics of economic processes. Such models commonly involve logical gaps and even
inconsistencies, whether or not these are evident to an observer. In contrast, the
fundamental characteristic of a computer-based, operative model, when properly
developed, is the need to create an algorithmic representation of a complex idea.
In the words of Donald Knuth, “An algorithm is a precisedly-defined sequence of
rules telling how to produce specified output information from given input information in a finite number of steps”[17] In order to be able to say for sure that the
model will actually behave in a particular way, it is necessary to create an operative, algorithmic representation that can be put through its paces by anyone who
cares to. Only then is it possible for economists generally to confirm that the
model is consistent in its logical structure, including all the assumptions upon
which it is based. Even then, it is still necessary to replicate these results independently, in order to confirm that the representation is what it pretends to be.
Only then is it possible to regard the model as being at all scientific in the statement it makes. Theoretical, non-operative models of the traditional type, which of
course include those representing each of the existing economic “schools” fail to
be sufficiently precisely defined and cannot be regarded as sufficiently well-posed
as ideas to be anything more than “impressionistic” in their logical characteristics.
The electronic computer provides not only a means to make an economic model
operative, but also to proof its logical properties.
Incidentally, all these MODLER workbooks are designed to be printed using a
color printer. Certain black and white printers are not capable of producing readable tables and figures. However, if you have a copy of Word 2000 or later, Word
documents are also available that can be used to print in black and white.
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Technical Note

This document is intended to be used with the MODLER software, starting
with version 11.1, build 1, the first version to take explicit account of the progressively elaborated nature of the Godley-Lavoie models. This software is distributed in the context of a CD-ROM that contains a collection of compatible data
files, which can be found in the self-extracting file called GLMODS.EXE. Alternatively, this GLMODS.EXE file can instead be downloaded directly from the
Learning Tools section of the Internet website www.modler.com. The purpose of
this Technical Note is principally to describe the process of loading the GodleyLavoie model files onto a microcomputer in a way that permits their effective use,
as well as to provide some preliminary details about the way that MODLER has
been augmented in order to support the operation of these models.

File Organization
In order to construct and operate the Godley-Lavoie models, possibly the simplest and best way of proceeding is to begin by creating a master directory (or
folder) on the hard drive of your computer, which can be given an arbitrary name,
but which here will be called GLMODS. In the following discussion, this master
directory will be assumed to be located on a drive identified by the drive letter C.
Generally, this directory should be one branching from the root directory, so that it
will be accessible as:
C:\GLMODS
The reason this general organizational approach has been adopted is because, as
will be explained in more detail later, the installation process will involve creating
not only this directory but also a set of nested sub-folders. It is not a good idea to
nest them any more deeply, inasmuch as too many levels of sub-folders can result
in difficulty displaying relevant filenames in the display space available. In addition, the greater the number of subfolders that need to be specified during a particular operation the more typing effort will be involved, also making it easier to
make mistakes.
As indicated, the principal purpose of this Technical Note is to provide you
with guidance in how to organize the various files that are used with the GodleyLavoie models. However, this document is not intended to describe fully the operation of the MODLER software. The MODLER facilities that will permit you to

8

Technical Note

estimate model equations independently and then construct models are described
in much greater detail both in the MODLER User Guide and in the document entitled Building and Using a Small Macroeconometric Model: Klein Model I as an
Example. Both these documents can be downloaded as PDF files from the Learning Tools section of the www.modler.com website. Although the latter document
describes the construction and use (to a degree) of a different type of model than
any of those considered here, its step by step model building approach if replicated
will nevertheless provide you with good hands-on experience using many of
MODLER’s features, experience that will stand you in good stead as a basis for
then considering the Godley-Lavoie models. The formation of these models will
be described in a way that does not require a great deal of advance knowledge on
your part, however to make the most effective use of the MODLER software will
nevertheless require a little concerted effort, particularly if you wish to go beyond
the rote use of these models.
As a rule, the Godley-Lavoie models are unlikely to be located on your computer when you begin to use MODLER, at least in an operable way. Therefore,
the first thing you will need to do is to import and organize the files associated
with them. The basic principle that will be advocated here is that you organize the
study and use of these models into distinct “projects,” where each project is defined by a particular chapter of Monetary Economics. A characteristic of these
models is that they form a set of mutually distinct models, notwithstanding that
they are related. Functionally, the models considered in each chapter are individually associated with a particular set of files. Some of these files will be imported. However, others will be generated as you work, more or less as a byproduct of using MODLER. Although two or more models can sometimes be associated with a given data base or other file, at the outset it will be best to treat
each project independently even if an inevitable consequence is that some files
will then be redundant. At a later stage, once you have become familiar with both
the models and MODLER, if you wish you will be able to resolve these redundancies.
At first, the imported files that are contained in GLMODS.EXE will consist of
two types of files: data source files, formally known as data banks, and other files
that cause the models to be created, called macros. Each of the models can be
created semi-automatically by MODLER, generally though a process of “executing” one or more of these macro command files. Once each model is created, it
can then be used. At a later stage, if you wish, you will also be able to modify
these models. It is in fact at the point that you might wish to consider model
modification on your own that you will need to understand exactly how to use
MODLER for this purpose. Until then, you will be able to mirror the exposition
in Monetary Economics by simply following carefully the directions given in this
workbook. The operative idea is that Monetary Economics describes the economic characteristics of these models and their use. The present document, in
contrast, essentially limits itself to explaining how to replicate the book’s results.
However, in a few cases, printing errors occur in Monetary Economics and at least
some of these will be corrected here.
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As just indicated, the fundamental building block in this process is a command
file called a macro file. Each of these is nothing more than a text file (with an extent .mac) that contains within it a set of MODLER commands that could otherwise be issued separately. When you execute (or “run”) a given macro, MODLER
will progressively perform a set of actions in response to the commands it contains. As these commands are executed the models will be created, in the process
also generating a number of additional files, among them the particular files that
actually contain the fully developed models. As each macro is executed chapterby-chapter and project-by-project, the models will be elaborated as progressively
more complex economic representations.
To begin, the initial model building task you therefore need to perform is that
of setting up MODLER in a way that facilitates the later construction and use of
the models. Generally speaking, this task, or set of tasks, consists of organizing
the MODLER directory (or folder) settings in a way that each of the files required
can then be accessed as easily as possible. Each time that you later execute
MODLER, once you have loaded the software onto your computer and set it up in
a way that will permit it to be maintained over time, the first screen that you will
initially see will be essentially that shown in Figure 0-1. The MODLER Getting
Started Guide, downloadable as a PDF file from the www.modler.com website,
provides full details about the installation and initial configuration of the software
itself. It is quite important to get started right, so that you should read the Getting
Started Guide carefully. Care taken to configure the software initially will minimize problems and confusion later.

Figure 0-1.

MODLER Opening Screen

Briefly considering Figure 0-1, notice that in common with most Windows
programs it exhibits both icons and a menu line. It also exhibits a status bar at the
bottom of the screen, which can be “clicked on” and thereby used to open databanks, set dates and observation frequencies, and other such operations. The middle of the screen is the blotter, which both displays text commands and can be
used to enter them. In particular, notice the menu element called Settings, at the
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far right of the menu line. If you click on this element, you will then see a dropdown display similar to that shown in Figure 0-2.

Figure 0-2 . Selecting Directories Settings
If you then click on the drop-down element Directories, you will next see a screen
similar to that shown in Figure 0-3. Pay attention exclusively to the top half of
this screen. The entries in the bottom half are explained in some detail in the
MODLER Getting Started Guide, but these obviously relate to the specification of
the programs that MODLER should use as the default word processor, spreadsheet
program, presentation manager, file manager, notes editor, and onscreen calculator.
Notice first the textbox to the right of the word Project; as shown, it will initially contain the words No Specific Projects Established. Notice as well the six
textboxes just below it, all containing C:\USMODS. Your own screen display
may at first differ in the contents of these six textboxes, but that does not matter.
These textboxes each identify the particular folders (which, as here, can all be the
same) in which MODLER will expect to find particular types of files, namely
Data Banks, Model Files, Macro Files, Table Templates, and a variety of files that
will be located in the “Home” directory. Of these, the Home directory is the only
one that is necessarily personal to your use; you can – with care – share the other
directories with other MODLER users on a network, for instance. You can also
re-specify the folders for the Data Banks, Model Files, etc. For instance, you can
create new folders and/or subfolders, by simply typing entries into these textboxes
– such as C:\USMODS\DATABANKS and C:\USMODS\MACROS. If the subfolders (here DATABANKS and MACROS) do not exist at that time, MODLER
will ask you if you wish to create them. The idea is that, instead of one directory
(c:\USMODS) containing a variety of different files, you can organize your hard
disk so that certain types of files will be located in specifically designated places
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Figure 0-3. Initial Directories Settings
.
However, do not forget the Project textbox at the top. If you only wished to
create and work with a single model, this Project textbox might be ignored. In
that case, each of the files – whether differentiated by Data Bank, Macros, and so
on, or not – would then be associated with a given model. So there might be no
compelling reason, at least initially, to create a more complex project-based organization. However, the GL models consist of a series of models. Furthermore,
when you import the basic set of files for each of these models, you will also find
that they are distinguished chapter by chapter, if not always model by model. In
fact, the files included in the self-extracting imported file, GLMODEL.EXE, are
inherently grouped in folders by chapter, with the individual chapter designations
conforming to those that are relevant to each of the files. For instance, the first
set of files consists of those pertinent to Chapter 3 of Monetary Economics.
Considering these files, which are displayed just below, the first two consist of
data banks, which together contain the time series variables of the models described in chapter 3. For each file listed, the first portion of the listing specifies, at
the left of each line, the name of a particular file (e.g. SIM.BNK) followed by the
date on which the file was either created or last modified. This date is evidently
given in mm/dd/yyyy date format. The numbers following the date specify in
each case the size of the file, in bytes. If, at any point in time you find any of
these files either dated or file-sized differently than shown here, you will know
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immediately that the file has been modified. As will be explained, MODLER permits you to monitor easily this information.
Chapter 3
SIM.BNK
SIMSS.BNK

05/06/2008
06/04/2008

09:34 AM
07:21 AM

sim.mac
sim2.mac
sim3.mac
simex.mac
simexf.mac
simpr.mac

05/05/2008
04/21/2008
04/21/2008
05/06/2008
05/06/2008
04/14/2006

03:57
09:38
09:37
09:34
12:11
11:09

PM
AM
AM
AM
PM
AM

14,848
14,848
291
321
442
323
356
304

Considering the first two files more closely, notice the use of the extent .BNK,
which tells MODLER (and you) that this type of file is a bank. Generally, whenever you issue program commands, you will not need to use the file extents. This
convention is both a (slight) time saver and a safety feature, inasmuch as any
command that relates to a bank will expect the extent to be .BNK – if another extent is encountered instead, MODLER will issue a warning, telling you that the
file you have asked it to access (or write to) as a presumed data bank does not appear to be one. You can go ahead and try to access it nonetheless, but at your risk.
It is important for you to realize that these bank files are not text files, so that their
contents cannot be displayed as text files. They are in a complicated binary format, proprietary to MODLER, with special indexing that permits MODLER to
search for and retrieve the specific time series they contain. Attempting to access
another type of file, as if it were a data bank, can have potentially serious consequences. Attempting to open a bank as another type of file can also.
In contrast, all the files in the second set – those with .mac as extents – are pure
text files and therefore can be viewed using Notepad, Wordpad, or, for that matter,
any word processing program. However, you will also discover as we proceed
that MODLER itself incorporates the ability to view, edit, and print text files.
You may find the program’s text editor particularly convenient, inasmuch as it
both permits you to select from among files of a particular type and to create or
edit text files of that type. MODLER’s internal text editor recognizes the extent
.MAC as a text file extent, which other programs such as Notepad and Wordpad
do not.
If you bring the file GLMODS.EXE down from the www.modler.com website
and locate it on your Desktop (which is itself a folder), then double click it, you
will see on your screen a display similar to that shown in Figure 0-4. The textbox
display initially will not have the entry c:\GLMODS. Nor do you necessarily need
to call your Godley-Lavoie models folder by this name, subject to further qualification later in this Technical Note – But you do need to designate an existing hard
drive folder to contain the files for these models.
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Figure 0-4.

GLMODS Self-extracting file display

Whatever name you use, when you press the Unzip button on this form, the
files it contains will be immediately extracted to a sub-folder called Models; that
is, a subfolder of this named existing directory or folder. If you look at this original folder afterwards, using Microsoft Windows Explorer, you should see a display similar to that shown in Figure 0-5, although you may not find
GLMODS.EXE among the files, depending upon where you put this particular file
before extraction.

Figure 0-5. GLMODS folder after extraction
The contents of the Models sub-folder in turn should look something like that
shown in Figure 0-6. Notice that this sub-folder itself also contains a number of
sub-folders, each of which is “named” using a number ranging from 3 to 12, and
which correspond to the chapter numbers of Monetary Economics. In addition,
you will find one or more word processor documents (DOC, a MS Word extent,
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and WPD, a Word Perfect extent). These documents provide further information
about the contents of the files. They also describe some variations in the naming
of specific model variables. If you examine each of the number sub-folders in
turn, you will be able to see the files that they each contain. As discussed earlier,
these sub-folders generally contain data banks and macros, although certain of
them contain other types of MODLER files. The contents of each of these subfolders will be considered in the following chapters of this document. For the
moment, what is most important is the general characteristics of the GLMODS
folder and its sub-folders, not the specific content details. For instance, during
the preliminary implementation of the Godley-Lavoie models – and during the
weeks this document is in the process of being created – only a subset of the
“numbered” directories will be displayed.
The folders shown in Figure 0-6
should be interpreted to represent the finished state of the GLMODS\Models
folder, not necessarily the current state on your machine. This workbook is consequently a work-in-progress and you may be reading it before all its chapters are
complete. Therefore, the display on your screen may lack certain of the folders
displayed in Figure 0-6.

Figure 0-6.

GLSMODS Sub-folders containing model files

This discussion is specifically intended to provide you with some background
information about the folder organization that MODLER will by default inherit
from the execution of GLMODS.EXE. As to the configuration of MODLER itself, consider once again the MODLER Directory Display shown in Figure 0-3. If
you now click on the textbox to the right of the word Project at the top of this display, you should immediately see the words <Add New Project>, as shown in
Figure 0-7.
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Figure 0-7. Add New Project Option
Click on these words and another form will then appear, one like that shown in
Figure 0-8, although when you first see this form the white textbox will be blank.

Figure 0-8.

Establish New Project Form

Now enter a project name, which in this case might be Chap3, as illustrated, indicating Chapter 3. When you then press either the OK button or the Enter key,
you should see a form like that shown in Figure 0-9.

Figure 0-9. PathName Specification Form
Initially this form’s textbox will also be blank. The entry that you should put in
this textbox should be strictly determined by the subfolder structure (as well as the
naming conventions) of your hard drive, created when the files were extracted
from the GLMODS.EXE self-extracting file. Then when you either press the OK
button or the Enter key, you should see a display like that shown in Figure 0-10.
Notice the correspondence in the contents of the textbox in Figure 0-9 and the six
textboxes at the top of Figure 0-10.
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Figure 0-10.

Proposed Settings Screen

The superimposed, small preface form shown, stating “These are the Proposed
Settings,” can be moved aside. The Directory Settings screen can then be edited
as you see fit. Actually, it might be best at this stage to leave all the entries as
they are, particularly since they can be changed later, once the process of working
with the Chapter 3 models has been considered. However, considering Figure 010 as an example, notice that the top 6 textboxes are all the same, indicating that
all the model files relevant to Chapter 3 will be found in the same folder; that is:
C:\GLMODS\MODELS\3. The bottom half of the screen refers to the location of
several external programs, among them MS Word, Excel, and PowerPoint, but
also (in this case) the Netscape browser, a file manager program, a notes editor
and a calculator program. In addition, the location of files associated with these
programs is also given. All this information is, or at least can be, common across
projects. Since modifications can be made later, we do not need to worry excessively at the moment about these entries. Click the OK button on the New Project: Chap3 form. Immediately, the entry Chap3 should appear in the Project
textbook at the top of this form. Then press the OK button on the bottom of the
Directory Settings form.
We could now go ahead and set up the whole set of projects. However, it
might be best to leave this setting up to be done chapter by chapter later. Effectively, if you have followed the steps so far, using your computer, what you have
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done is to load onto it all the (currently available) Godley-Lavoie model files, in
the process creating a set of 9 sub-folders on your hard drive that together contain
the necessary files for each of the models. You then created a project entry for
the files related to Chapter 3 and in the process implicitly pointed MODLER to the
relevant files for this Chapter, so that it will be able to find them without difficulty.

Nomenclature Issues
However, there is a certain matter that needs special consideration. Simply being able to find files of various types, although a start, does not satisfy every need
when operating MODLER. For example, in the case of any time series data bank,
for this source data file to be useful, it is fundamentally necessary that it be possible for MODLER to both retrieve and store the data series it contains. Consider,
therefore, the following four possible series “names”:
HC Hc hC hc
In the right context, MODLER will interpret character sequences containing from
one to twelve alphanumeric characters without any intervening blanks as series
names. Each such name must begin with an alphabetic character. The presence
of blanks, as here, always implies separate “names.” To you, these four names individually may appear to be simply an inessential variation on a single variable
name formed by the letter H followed by the letter C. Alternatively, you might be
inclined to feel that each conveys a particular meaning. For instance, HC might be
variously interpretable as “High Cotton”, Hc as “Households in category c”, hC as
the “natural log of HC”, and hc as the “natural log of households in category c.”
A rose is a rose is a rose, but the characters that make up model variable names
can have information content.
Consider also the following alternatives:
HC = XC + ZC
Hc = Xc + Zc
These are each obviously equations and the use of subscripts in the second case
would appear to convey information that is not seemingly present in the statement
of the first of these two equations. In short, the way that people choose to state
variable names when using a computer is likely to bear some relation to what is
being represented – and in some cases the human tendency to make inferences can
cause confusion in the people-machine dialogue.
Reflecting that MODLER began more than thirty-five years ago as a mainframe
software package, in the days that computers usually had only one text mode,
namely upper case or capital letters, MODLER in its native mode will interpret
any command in which the letters h and c appear together as a possible series
names strictly as if you typed them HC. That is, whatever case you happen to use
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for a particular letter, MODLER in this mode will convert whatever you type to
the specific form HC before it attempts to use that name in any way. It will not
tell you it is doing this, but it will do it. When performing a data bank series
“lookup”, it will then ask itself a question like “Is HC in the (given) data bank?”
and if it finds a series “named” HC there, it will retrieve it. In contrast, it will not
interpret Hc, hC, or hc as being the same thing as HC, so that if someone using
MODLER previously creates a data bank, or a model, in which a distinction is
made between variables on the basis of the use of both upper and lower case
forms, and if MODLER encounters these “mixed-case” data bank or model variable names the program will necessarily interpret them as being different than HC,
irrespective of what you originally typed. In such a case, MODLER will return
an error message that is very likely to take the form “Error: Cannot Find HC.”
MODLER has, however, evolved over the years in various ways. Since the
early 1980s, it has offered an optional mode that permits variable names to be distinguished by the precise way you type them. In this Mixed Case mode, it will
still treat HC as being fundamentally different than hc, Hc, or hC, but if you use a
combination of upper and lower case letters, MODLER will interpret you literally.
In order to retrieve a data series from a data bank that is stored under any one of
these alternative naming forms, the program will require you to type the variable
name exactly as it was originally specified by the creator of the data bank, or
model or other similar entity. MODLER’s default mode is:
UpperCase ON
and its optional (mixed case) mode is:
UpperCase OFF
You can set the mode in either of two ways. One is by issuing a typed command. The alternative is to use MODLER’s menu. Recall the Settings menu
element discussed earlier, also shown in Figure 0-11. If you first select Settings,
then go to Operating Protocols and finally select Permit Mixed Case Series
Names, causing a check mark to appear next it, MODLER will, when that project
setting is in effect, then operate in the mode that necessarily distinguishes variable
names on the base of the upper or lower casing of each of the letters typed for that
name. Other project settings can alternatively operate in UpperCase On mode.
Notice certain particular implications of the default versus the optional settings.
If someone were to start from the beginning in default mode and never change
this, each time a variable name is used for whatever purpose, including both creating a data bank and creating a model, all its letters will be automatically converted
to upper case, so that thereafter the particular case representation of a series name,
as you type it, will appear to be neutral. In this instance, you would not need to
pay any attention to how you use the keyboard shift key. Everything you type will
be treated functionally as if you typed every name using only upper case letters,
even if you actually type them using mixed cases.
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Figure 0-1. Setting the Variable Naming Mode
Alternatively, if at any stage the choice is made to Permit Mixed Case Series
Names, any data bank or model created while this choice is in effect will potentially contain series names exhibiting mixed case; that is, the series names that appear in any data banks or models (and other relevant files) will be represented exactly as you typed them. Consequently, in order to retrieve any series
subsequently (except those formed using only upper case lettering), you must use
this optional setting. Furthermore, you must type all names in exactly the form
(including spelling) that they appear in model, data bank, and other relevant files.
Obviously, the disadvantage of MODLER’s default mode (UPPERCASE ON)
is that, by requiring the data banks and models to be created in this mode, the distinction between series names becomes entirely the letters used and their relative
placement. The three variable names:
ABC CBA BAC
each signify a particular time series (different from the other two), but once a data
bank or model has been created in this default mode, it does not matter thereafter
what case you use when you happen to type the series name. Any case used by
you will automatically be converted to uppercase before MODLER attempts to retrieve that series from a data bank or make any other use of it. On the other hand,
if you obtain from someone else a data bank or a model that was created using the
optional mode, you will not be able to access series the names of which do not
contain only upper case letters.
Why all this is presently important is that the Godley-Levoie models and
data banks were each created using mixed case variable names. Therefore you
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will need to use the mixed case setting whenever you work with these and you
will need to take care to specify series names exactly as they appear in the data
banks and models. To the degree that you do not obey the convention, you are
likely to see a number of error messages to the effect: “Cannot Find x,” where x is
a particular series name.
In the abstract, the choice of case setting used is essentially a matter of taste.
The virtue of the mixed case option is that it permits a wide variation in variable
names, as well as allowing models and data banks to be created that possibly look
more modern. For example, it is well-known that today emails typed entirely in
upper case letters are very likely to be interpreted by the recipient as if the sender
were SHOUTING (or is not familiar with email conventions). However, a drawback of this optional mode is that a user may be required to choose the optional
setting each time he or she uses MODLER, at least when switching between projects. However, even this drawback can be alleviated. As explained in the
MODLER User Guide, MODLER has a start up mode in which initial settings can
be loaded automatically each time the program starts, using a particular type of
macro file called a PROFILE.MAC file. If a file of this name is present in the start
up (project home) directory you use with MODLER, any commands this macro
contains will be executed automatically each time you start the program. Chapter
I of the MODLER User Guide discusses the creation of the PROFILE.MAC file
and you would be well-advised in any case to have read that chapter, simply as
background to the general use of the program. It discusses a number of the program’s conventions and describes each of the major MODLER screens.
Actually, this nomenclature issue transcends the use of MODLER. It is a convention of MS DOS (and therefore also Windows) that all filenames are case insensitive (essentially because a behind-the-scenes conversion is made). In contrast, the Unix (and also the Linux) operating system is sensitive to the letter
casing of file names and commands. In today’s computer world, you must pay attention to the mode in which you are operating, whatever you might think or feel
about the convention you are required to use.

Styles of MODLER Commands
The UPPERCASE ON and OFF settings affect only the variable names that are
used. Otherwise, MODLER ignores the particular cases of the letters used in
commands. Command keywords, for example, will always be interpreted as if
you were to type them entirely in uppercase. This convention means that you do
not have to worry that any commands you use need to be typed using a specific
case setting. For instance, when you type an equation, MODLER will ignore
whether you type LOG(x), Log(x), LoG(x) or log(x), and similiarly Sin(x) or
sin(x), as function key words – although it will distinguish between Log and
Log10 and Sin and Sine – and x itself may need to be lower case. This type of
consideration is important, for the human mind almost automatically sorts and
classifies information in terms of its essential characteristics and is also capable of
ignoring “inessential” error. As an issue of human understanding, it does not
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matter 2u whether this sentence is written in any of several informationally
equivalent forms or type settings, but the computer is inherently much more literal
in its interpretation. One small difference in spelling, for example, will make a
difference whether a particular command is understood or not; in particular, to the
computer “2u” and “to you” are not informationally the same thing. As you use
MODLER, you are likely to find from time to time that it will issue an error message that at first seems quite strange to you, but which reflects the computer’s inability to be other than quite literal when interpreting user commands. The “error”
might take you a moment to figure out simply because to you the distinction being
made is rather inessential to your own understanding.
All this discussion of such points might seem to be rather precious, except that
the modern computer is now designed so that a user not only has a choice between
UPPER and lower case settings, he or she can also often chose between bold and
italic representations as well, not to mention type size. These options are
commonly quite useful as a means of conveying human information, as is evident
from the present document, which uses all these variations to some effect. However, when computer commands are considered that have an operative characteristic, all these various modes must either be ignored when they occur, in favor of
some standard default representation, or else adhered to fastidiously.

Basic Program Operating Conventions
Initially, the presentation in this document will tend to stress interactive processing, both as a means of introducing the various command options MODLER
makes available and to illustrate clearly the hands-on process of constructing and
using models. However, as we proceed, there will increasingly be a number of
instances in which it will ultimately prove to be much less tedious to make use of
command macros for the bulk of the processing, especially repetitive operations.
Characteristically, as commands are given in all these cases, MODLER will quietly perform each task and then wait patiently for the next command to be given.
Except when a specific display is called for by a command, this is the program’s
standard operating mode. Thus, as a general rule, MODLER will tend to respond
to macro and other commands with a minimum obvious response, on the general
principle that unless something has obviously gone wrong, the command can be
presumed to have worked as it should. The alternative might be to generate a
number of chatty forms simply to tell you that such and such an operation has
been successfully performed and then to require you to click the OK button on
that form in order to confirm that you have received the message. During your
initial few sessions with MODLER, you might wish it to be chatty, giving you a
running narrative as it performs tasks. However, later, certainly by the 100th session, you will value its forbearance.
However, there are many instances in which operations are performed that involve a substantial amount of detailed processing. Information about this processing can be important, at least from time to time. Therefore, behind the scenes, es-
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pecially when the operation involves a good deal of work, such as when a model is
created or compiled, or substantial quantities of data have been moved from one
place to another, MODLER conventionally creates what is called a “Spoolfile,”
being a type of audit file that you will be able to display as you wish in order to
determine more or less exactly what the program has done. The creation of these
spoolfiles will generally be indicated automatically by the display of an icon on
the icon bar of the Major MODLER screens; we will see an example in the next
chapter. Whenever you click on this icon, you will then be shown a list of
spoolfiles, which you can then selectively display and examine individually as you
wish.
Sometimes, during the processing, things may be done (or not done) that can be
construed by you or someone else to be an error – or at least a variation on what
ideally should have been done – which will be reported by the pertinent spoolfile,
but otherwise passed over in silence. However, occasionally, errors will be made
that MODLER recognizes as significant and these will be explicitly noted during
the processing of a command, especially a macro command. For instance, if you
should mistype the path for a critical file, this is likely to be noted, especially if
there is a chance that otherwise an existing file could be overwritten. Generally,
even when operating interactively, MODLER will warn you about the overwriting
of existing files. But as noted earlier, there are also certain defaults for the organization and storage of particular types of files. When certain types of errors are
made, MODLER tends to honor its defaults. For instance, if you ask that a file be
created in some directory other than the default directory, but it so happens that
this directory does not exist at that point in time (perhaps because the path was
mistyped), MODLER may display an information message to tell you that it cannot find that directory, and then proceed to create the file in one of the standard
default directories, provided that no existing file is thereby overwritten. Given
that you know the name of a file, you of course can use the various file search facilities on your machine to find these files, but in most cases they will be found in
the default directory.

Designing the Macros
The macros that are distributed with GLMODS.EXE from the
www.modler.com website have been formed so that they generally do not specify
the subfolders the files should be located in, and the scheme adopted conforms
with the naming conventions so far described. However, one of the benefits of
MODLER’s directory settings conventions is that the program’s operation does
not necessarily require macros to be written in this way. Notice once again the
directory settings form shown in Figure 0-3. The topmost textbox just below the
Project textbox is entitled Current Directory. At any time that you display this
form this textbox will specify the directory that the program “thinks” is the current
default directory – and in thinking this MODLER will be right. Behind the
scenes, the current default directory will be ever changing as MODLER operates,
so that it will not be immediately obvious which is the current one. However, you
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can alternatively discover the current directory at a particular instant, by typing
into the Opening Screen’s blotter the keyword:
cd
MODLER will respond by producing a small form that then tells you explicitly
what this directory is.
Instead, you can control the current directory, by issuing a command of the
form:
cd <path>
a specific example being:
cd C:\
which command will (normally) also cause MODLER to produce a small information form entitled “Change Directory” which will state the directory that has
thereby been set to the current directory. When issuing such a command, you generally must use the full path specification, including the initial drive letter. However, if you specify a directory (or sub-directory) that does not exist, you will receive an error message to the effect that there has been a path specification error
and that the <path> you specified does not exist.
That is, the change directory command does not automatically create a new directory. However, should you wish to persist, and to create a directory (or subdirectory) with that name, then all you need to do is to put the letters DOS in front
of the make directory (MD) command:
DOS MD <Path>
which will cause it to be created – assuming of course that the name you have
chosen is legal. Notice the implied MODLER characteristic here that DOS commands can be used within MODLER if they are identified as such. Further details
concerning such options can be obtained by reading the MODLER User Guide and
the program’s system reference manual.
The ability to change the current directory in MODLER gives you the ability to
execute a macro that includes filenames of files found either in the “current directory” or the default directory for that type of file. The type of file defaults, however, take precedence. MODLER’s file location default conventions need to be
understood. If properly utilized, they make the organization of the various types
of MODLER files very easy to manage; at the same time, particularly in the case
of macros, these conventions generally require either that the complete path specification be used for each file, or that the files you use are wherever the directory
setting screen states they are (or should be).
As you are getting used to MODLER, it probably makes the most sense to organize the GL model files using the directory (folder) names that are given above,
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as well as in the macros found in the GLMODS.EXE self-extracting file. You
can explicitly use a folder name whenever a model, a data bank, a solution file, or
other MODLER file is referenced, which will have the effect of overriding the
current directory settings. Alternatively, especially when creating macros, you
can rely upon MODLER to automatically identify where each type of file is (or,
rather, should be), but using this convention of course requires you to locate your
files by type in the expected folders, or directories.

Model File Compatibility Requirements
When you stop to think about it, it is fairly obvious that the MOD, CMF, and
the one or more solution files for a given model need to match exactly. Otherwise, all manner of bad things might occur. Consequently, whenever you create a
CMF file from a given MOD file the two files will be internally coded so that
MODLER will be able to determine later that they refer to exactly the same
model, including not only the variables and equations of the model but also the
specific time at which the CMF file is created. Subsequently, when Solution Files
are created for this model, as defined by the CMF file, they too will be coded in
the same way. However, because of this coding, from time to time when you attach a model and then attach a solution file you will see the error message
“SolvFile/ForcFile incompatible with model.” This error message can appear
both when you make a mistake choosing the solution file for a model, in which
case you are instantly likely to see the logic of the message, and – sometimes –
when you think that you have correctly chosen the right solution file.
At times, in the latter case, what might have occurred is that you compiled the
model, created one or more solution files and then subsequently re-compiled the
model. From your perspective, the model will be unchanged. However, from the
program’s perspective, the codes in the compiled model file and in the solution
file will not match. It is a requirement that any and all solution files used with a
model be created after the last compilation of that model and MODLER will enforce this dictat.

When Things Go Wrong
Occasionally, things can simply go wrong. Files can become corrupted. Files
can be located in the wrong place. When things do go wrong, for help send an
email to:
support@modler.com
But when you send such an email, please bear in mind that it is generally true that
to be effective any support person needs information about the exact context in
which the problem occurred. You need to identify the files you were using (and it
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is not a bad idea to send copies of these in a zipped file as an attachment to your
email) and to provide information about any commands you issued, the operating
system you are using, and the general characteristics of the computer you were using. If the program file(s) you are using have become corrupted, they can be replaced. Occasionally, you may also have discovered a program bug. Fortunately,
it can be fixed. Unfortunately, particular data, model files, and other files that you
have specifically created yourself may need to be re-created laboriously, and for
this reason you are well advised to institute regular backups of your machine that
will permit you to recover earlier versions of each of your files. It is, for instance,
a truism about your hard disk that it is not a question whether it will fail, but rather
when.
To summarize, if the program starts acting in a very strange way – for example,
if the program crashes and your computer issues a message to the effect that there
has been a “General Protection Fault,” or a similarly fatal event – it is very likely
that files have become corrupted. MODLER does its best to evaluate the contents
of files it tries to read in, but the program does expect data banks, model files, and
other complex entities to have specific properties and if the properties of a file are
not what the program expects a crash can result. It would be possible to design a
program that carefully checked every possible characteristic of each file each and
every second your machine is operating, but unfortunately such protection generally would come at the price that the program would then operate very slowly, inasmuch as the bulk of its time would be taken up checking and re-checking, rather
than doing any useful work. Initially, the best advice is to use the directory settings specified in this document and to follow the directions given carefully.
Later, once you have successfully created and solved a few models in this mode,
you will progressively find that you can be more adventuresome.
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Chapter 1 Building A Simple Model: First
Steps

It was explained in the earlier Technical Note that one of the best ways to start
is to place the self-extracting file GLMods.EXE within a master folder and then to
extract its files into a set of sub-folders the names of each which will automatically be one of the numbers 3,4,5,6,7,8,9,10,11,12; recall that these are the chapter
numbers corresponding to the progressively more elaborated Godley-Lavoie models. Actually, as described, all these folders will be created within a folder named
“Models, “ which in turn will be created automatically within whatever folder to
which you extract GLMODS.EXE.
Subsequently, having established the first project, the first screen that you will
see upon executing MODLER should look very similar to that shown below in
Figure 1-1. This is the Central Control Screen, or more simply MODLER’s
Opening Screen.

Figure 1-1. MODLER’s Opening Screen
To get a feel for certain aspects of this screen and the MODLER program in
particular, you might first click on the “Open file” icon, just under the menu element Data. As a result the form shown in Figure 1-2 below should appear, superimposed on the screen shown in Figure 1-1 above.
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Figure 1-2.

Open DataBank form

You should notice several things about this superimposed form. First, that the
names of the two Data Banks now located in C:\GLMODS|Models\3 appear in the
green space of this form, assuming of course that you extracted these from
GLMODS.EXE, as discussed earlier. If you highlight either name and double
click, you will open that data bank for access. Using the View menu element, you
can, for instance, then display any of the contained data series as a printed set of
observations or else as a time plot. Alternatively, you can use the data in some
other way. But notice that this form also displays a short verbal description of
each data bank listed – assuming always that its creator provided said description.
You can in addition view the creation (or last modified) dates of the banks, by
checking the box next to the words File Date at the bottom left of the form. Alternatively, although data banks are shown by default when this form first appears,
notice the list of selections on the left frame of the form. By selecting among
these, you can display the names of Memory Files, Macro Files, or Model Files; in
each case, the names displayed will refer to those files located in the particular
folders designated on the Settings Screen discussed in the earlier Technical Note
“chapter”. Notice, furthermore, that the Solution Files and ForcFiles selections
are not enabled; this condition reflects that these selections are each model dependent and that no models have yet been attached. There are obviously also
various options associated with the buttons on the right-hand-side of this form.
The specific buttons displayed at each instant will change as you make selections
among Data Banks, Memory Files, Macro Files, and Models.
As discussed in the Technical Note, when you begin to use MODLER the only
files that will be available in the C:\GLMODS\MODELS\3 folder are data banks
and macro files. For your information select Macro Files from the Selections list
and you should instead see a display similar to that shown in Figure 1-3.

Figure 1-3. Macro Files Presently Available
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If you then double click on the first of these filenames, SIM.MAC, the form
shown in Figure 1-4 should then open in order to display this macro.

Figure 1-4. Contents of SIM.MAC

This form is actually MODLER’s internal text editor, which in this case is used to
“open” the macro file. This editor not only displays the contents of SIM.MAC but
will also permit you to change these contents and then save the modified file. The
macro shown is a bit complicated in its details, which will take a moment to review. However, its general purpose is straightforward, which is to create, more or
less automatically, the model first considered in Chapter 3 of Monetary Economics. In its organization, this file first establishes several program settings, after
having cleared certain pre-existing conditions, then it defines the model. Let us
consider these general operations in turn.
The fundamental reason to clear pre-existing conditions as a first step is that
macro files should always be written so that they can be sensibly invoked (executed) at any point in time, notwithstanding what else might happen to have been
being done with the program at that instant. MODLER usually preserves the effects of most prior commands, essentially as a process of establishing a set of
maintained circumstances – unless these have been explicitly countermanded. Inasmuch as once a macro is created and saved it is potentially always available for
immediate use, this clearing of pre-existing conditions is important as a precaution. Looking at Figure 1-4, the Close All command (an abbreviation for CLOSE
ALL BANKS) shuts any banks open at any time that SIM.MAC is executed. The
Clear mem command (an abbreviation for CLEAR MEMORYFILE) clears the
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contents of any open Memory File; conceptually this Memory File is a temporary
workspace, a temporary data storage facility automatically created by MODLER
where time series observations are stored whenever the program needs temporary
storage space – the particular characteristics and conventions of the Memory File
are explained in some detail in the MODLER User Guide. The Set Freq=a
command (an abbreviation for SET FREQUENCY = Annual) not only operates as
a means to clear any previously set observation frequency, but also establishes the
pertinent frequency going forward. The Set Dat=50-2000 command (an abbreviation for SET DATES=1950-2000) sets the date range for subsequent operations.
All these commands have menu (and, in some cases, icon) equivalents, so that it
would be possible to use instead MODLER’s menus and icons. However, including such commands at the beginning of a macro is generally the most efficient
way to proceed and certainly the safest. Notice also from this brief description
that MODLER commands and keywords can commonly be abbreviated, rather
than given in full.
Do not get the impression that every operation must be performed using a
macro. Actually, everything that is done here with a macro can alternatively be
done using MODLER menus and icons, but if done with menus and icons these
commands must be issued in “real time.” Furthermore, when done in this fashion,
they generally must be repeated each time either a new MODLER session is
started or a new set of operations begun. Interactive processing has a place, but so
also does the creation and use of macros. In particular, the use of Macros permits
repetitive processing with a minimum of effort. Repetitive processing is a common circumstance when building and using models. However, macros can also be
fairly easy to create. As described in much more detail in the MODLER User
Guide, since menu and icon commands often allow digital hardcopy commands to
be created almost automatically as a by-product, which are then displayed on the
blotter, these can easily be captured and embedded in one or more macros, as we
will see later. Therefore, the process of creating these macros is not necessarily a
taxing experience, even for a new MODLER user.
The subsequent macro commands shown in Figure 1-4 then begin the specific
“work” of the Sim macro. In particular, the Acc Sim command (as an abbreviation
for the more elaborate ACCESS Sim) specifies that the Sim.BNK data bank file
should be opened for Access. Because the keyword Access is used only with data
banks, the extent .BNK will be understood and need not be given. Banks can be
opened for Access or Storage or both, so that Access simply designates that the
data bank is to be used for retrieval. Bank access commands are also cumulative,
so that if a sequence of them is issued during a MODLER session this process can
then result in two or more banks being opened simultaneously, which in some
cases can lead to confusion. In contrast, the Close All command, as indicated earlier, results in the closure of all banks open at the time it is issued. As a consequence the banks open at the time the macro is run will be limited to only those
banks opened by and relevant to it.
Notice also that this Access command could include the full path designation
for the data bank filename. It is important to recognize that the abbreviated approach displayed in this macro depends upon its being run only when the “cur-
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rent” directory happens to be set to C:\GLMODS\Models\3\. If instead the Acc
Sim command is executed when the “Banks” directory is set to something else, the
data bank will generally not be found and an error message will result. Therefore,
when writing macros, it is sometimes wise to include the full path with each filename, inasmuch as certain data banks can be located on file servers and at other
“remote” locations.

Building the First Model Equation By Equation
The remaining commands in the Sim macro have the direct effect of creating a
model and then readying it for solution. However, rather than considering each
macro command in this context, it might be more pedagogically helpful to consider them separately using MODLER’s menu options. Notice first, at the top of
the opening screen that is shown in Figure 1-1, the menu element Models. Once
you have clicked on this element, you will then see the drop down menu shown in
Figure 1-5 below. Alternatively, if at this point you simply wish to begin to use
the model, then you can ignore this section and the next and move to the section
that starts on page 37, takes this model as given, and describes how to use it.

Figure 1-5. Starting to Create a Model
To begin to build the model, choose Model Builder and Equation Editor.
The result will be the form displayed in Figure 1-6, which is known as the Model
Builder and Equation Editor screen. This screen can be used to perform a wide
variety of model building and display tasks. Notice first the icon at the top far left
of this form, just under the menu element File. When you pass your mouse over
this icon, it reveals its purpose to be “Create New Model.” Click on it.

32

Chapter 1 Building A Simple Model: First Steps

Figure 1-6. Model Builder and Equation Editor Screen
The consequence is the display of the form shown in Figure 1-7. Notice that
this form asks you to name the model to be created, as well as to provide some additional details. Generally, a model will have a name, a description and an observation frequency. Often, the observation frequency will be that defined by the
data used when the model is created, but this is not always true.

Figure 1-7. Define New Model Form
The model name should be short, and must contain one to eight alphanumeric
characters; the initial character itself must be alphabetic. This name will be used
as a filename also, as well as appearing from time to time in various displays.
The description is optional; there will be another opportunity later to describe the
model. At the moment, you might simply name the model Sim. Then click the
form’s OK button. If you have used this model name before, you will then receive a warning message, informing you that the name is already in use and asking
if MODLER should overwrite the existing file. But consider the model building
results so far. At this point, what we have done, in effect, is to create an empty
file that will be used as a container for the model we are about to build. Once this
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file is created, you will see also that the Model Builder and Editor screen automatically becomes more populated with icons and offers more menu choices, as
shown in Figure 1-8. The status bar reveals that we have created the model file,
Sim.Mod.

Figure 1-8.

Sim.Mod Created

Now click on the ModelEdit menu element. One of the options you will find
on the dropdown menu is Add New Equation. Click on this. You will then be
offered two more options, Key in Equation and Estimate Equation, which are
alternatives. Click on Key in Equation and you will see the form shown in Figure
1-9. Notice that this form indicates that we are about to create Equation # 1.
There are also several buttons on this form. Ignore the Index and Find buttons,
which refer to data banks and the Memory File. These are not relevant now.
However, the Open Macro button is potentially interesting.

Figure 1-9. Create Model Equation Form
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If you click on it, you will be offered the opportunity to open a macro, one of
which is the Sim macro we considered earlier. If you double click on the name
of this macro, you will see an additional form like that shown in Figure 1-10,
which displays the contents of this macro. Notice, in particular, the initial command, which sets uppercase off.

Figure 1-10.

Command Macro Display

Now place your mouse over the particular equation in the middle of this form that
looks like:
Gs = Gd
and double click. Instantly, this equation will appear in the white space of the
Create Model Equation form of Figure 1-9, exactly as if you had typed it there;
obviously, if instead of replicating one of the Godley-Lavoie models you were
creating a new model on your own, you would have had to type an equation. But,
at this point, the net effect is the same. Now press the OK button on the Create
Model Equation form and this form will disappear. Next, if you should click on
the status bar of the Model Builder and Equation Editor screen, on the filename
Sim.Mod, what will then appear is the display shown in Figure 1-11. It briefly describes the characteristics of our new model, indicating that it has 1 equation, 1
endogenous variable and an annual model frequency. If you gave the model a description, this will appear also. The exogenous variable is shown as NYC, which
will be explained later. After you press the OK button on this form, you will be
returned to the Model Builder and Equation Editor form.

35

Figure 1-11. Model Characteristics
Subsequently, once at the Model Builder and Equation Editor screen shown in
Figure 1-8, you can either click on the View menu element or on the icon identified as the “View All Equations” icon. Pass your mouse over the icons in the icon
bar and you will soon find this icon from its automatic “tool tip” description.
Click it – or, if you chose the View menu element, choose Complete Model.
Whichever choice you make, you should then see the display shown in Figure 112. The model now has a single equation and obviously it is the equation we earlier chose to add.

Figure 1-12.

First Equation Displayed

Next, click again on the ModelEdit menu element, choose Add New Equation
and then Key in Equation. Once more you will see the form shown above as
Figure 1-9. Click again on Open Macro, select the Sim macro, and you will
again see the macro shown in Figure 1-10. This time if you double click on the
next equation down from the top of this macro, MODLER will copy it to the white
equation text space of Figure 1-9. Then click OK to add this equation to the
model. Actually, there will now be a slight procedural difference at this point be-
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tween this case and the first one, which is illustrated by the form displayed in Figure 1-13, which will then appear on your screen just after you click this OK button.

Figure 1-13. Equation Location Form
This Equation Location form did not appear in the case of the first equation, for
then there was obviously no choice to be made where that equation might be located. However, in the case of the second equation – and all subsequent equations – there is a potential choice to be made. At this stage, you may as well
choose the default: “Be Equation Number 2” and then click the OK button.
At this point, you will still see the display shown in Figure 1-12, which may
strike you as rather odd inasmuch as you just added an additional equation, yet
you are still being shown only the first equation. The explanation is that the display in Figure 1-12 is static, not automatic. It will not change until you again ask
to view the complete model, using either the relevant icon button or the View
menu element. However, if you take this step, you will (now) see the twoequation model.
If you then iterate through the steps progressively described in the last few
paragraphs a further nine times, each time adding an additional equation from the
Sim macro, you will at last have created the entire model of 11 equations. This
repetitive process may become a bit tedious around about equation 5 or 6, but it
will also become more or less second nature. At the end, you can choose to display the (actual) complete model, as is done in Figure 1-14.
You will also discover, if you look, that there is an icon on the Model Builder
and Equation Editor screen that permits you to print this model display. Alternatively, choose the File menu element and then Print to Printer. As a further
choice, you can instead send the contents to your chosen word processor (to do
this, click on the File menu element). The word processor is designated in the Directory Settings form, previously shown in Figures 0-7 and 0-10. Obviously, if
you route the display of a model to your word processor, you will then be able to
produce more elaborate model presentations.
Incidentally, there are various other display options, as well, including the ability to list the model variables. In fact, whenever the model’s data bank is attached,
it is also possible to produce a descriptive listing of the model variables, using descriptions that are retrieved from this data bank. As a consequence, not only is it
possible to display the model, but in addition, you can produce a glossary of the
model variables, in the process providing a reasonably full description of the
model that could be transmitted to someone else.
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Figure 1-14. The Complete Model

Of course, because of the way in which the model just displayed has been created – interactively rather than using the macro Sim.MAC –you are unlikely at this
point to have already accessed the Sim.Bnk data bank. However, you might find
it useful to return to the MODLER opening screen and there open this data bank,
possibly using the icon referred to earlier. When and if you open this bank, if you
simply click on the section of the status bar of this screen that announces “1 Bank
Open,” you will be able to display the form that is shown in Figure 1-15. This
form lists all the open data banks. It also permits you to display information about
the banks in the form of an abbreviated index, a standard index, and an extended
(Full Doc) index. Another button provides the capability to display summary information about any of the open banks. The information displayed relates to
whichever data bank name is highlighted in the list of banks. At the moment,
there is only one bank, but as many as 15 can be accessed simultaneously.
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Figure 1-15. List of Open Data Banks
Then press the button labeled Standard. The effect will be to produce a display
like that shown in Figure 1-16. This form potentially provides a printable glossary
of the variables in the data bank. Should you wish, it too can be transferred to
your word processor and be further enhanced so as to provide a nicely organized
model variable glossary, inasmuch as this data bank is specifically keyed to this
model. In general, there will not be this one for one correspondence, which
makes the facility described above much more relevant, as it is keyed to the specific model, and not a bank.

Figure 1-16. Glossary of Model Variables
It is also possible, particularly if you are using MODLER for the first time, that
you might have made a processing mistake during this model building process.
For instance, you might have chosen to include the same equation twice in the
model, in which case there will now be an extra equation. In this event, click on
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the ModelEdit menu element and choose the Delete Equation sub-element. In
response, the form shown in Figure 1-17 will appear. Actually, when it first appears, no equation will be displayed. In order to re-create Figure 1-17 exactly,
you can choose between either of two selection criteria: by variable or by equation
number. Inasmuch as you will know which equation you wish to delete, the most
obvious of these choices is Equation No. Enter the number of the equation you
wish to delete and then press the OK button. You will be told that you are about
to delete that equation and be asked if you are certain that you wish to delete it. If
you answer yes at this point, the equation will be deleted and all subsequent equations in the model will then be re-numbered automatically. Alternatively, should
you choose to select the equation by variable, once you enter a variable name,
MODLER will show you, employing the Previous-Next buttons, each equation in
turn in which that particular variable name appears.

Figure 1-17. Deleting An Equation
Whenever the equation you wish to delete appears – its equation number will also
be displayed – simply press the OK button and you will be asked if you are sure
that you wish to delete it.

Using the Model. Setting It Up for Solution
At this stage, you either should have followed the directions in the last section
of this chapter or, alternatively, you can click on the File menu element of
MODLER’s opening screen, then select Run a MODLER Macro and finally
choose the Sim.Mac macro by double clicking on this particular filename. In each
case, the effect will at least be to have created Sim.MOD. In either case, you will
now have a model as a set of equations located in the file Sim.MOD. However, in
order to transform these equations into a solvable, working model, a few more
things need to be done. First, using MODLER, we must compile the model, which
is actually only a matter of instructing the software to perform this task.
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But, you might ask, what does this compilation process involve, in general
terms? The model displayed above is a set of simultaneous equations and in order
to organize it as a potentially solvable model MODLER first needs to determine
the mathematical characteristics of each of its equations and then to determine
their mutual relationship to each other. In this case, the model Sim is economically (and mathematically) a very simple model, involving a variety of assumptions that rule out complications, so that not a lot needs to be done by the software
to determine equation characteristics. For instance, the equations have been defined in a way that the variable to the left of the equals sign is the one that each
equation can be construed to “explain.” The software therefore does not need to
work hard to determine which variable is “explained” by which equation; that is,
in more technical terms, all the equations of the model have already been “normalized.” However, there is still a need for MODLER to organize the equations in a
way that facilitates the model’s capability to be solved mathematically as a simultaneous system of equations. This entire process occurs behind the scenes. This
process is explained in greater detail in the MODLER User Guide and certain
journal articles that describe the characteristics of MODLER as a software program [29, 30].
Not all models can be solved, for various problems can occur, but, in general,
the evidence from years of using MODLER and other software designed to solve
economic or econometric models is that most sets of simultaneous equations that
(at least minimally) make economic sense as descriptions of economies can be
solved, including even large and complicated models. It might be possible to argue that this circumstance is a reflection of the seeming property of actual economies to function as entities. If pursued, this argument would appear to imply that
it is the properties of the thing represented that, at least in part, may explain the
properties of the representations, which you may possibly feel needs much more
careful analysis. But, for whatever reason, when creating models with MODLER,
it has not proved historically necessary for a user to focus intently on the purely
mathematical properties of the systems of equations that are developed. To date,
there have been more than 2000 different simultaneous equation models created
and solved using this software, more than any other software designed for the use
of economists, and this record appears to confirm that economic and econometric
models are commonly solvable. Generally, a user of the software does not need to
do more than to focus on the economically meaningful properties of the sets of
equations, for nested within these are usually the mathematical properties that allow most simultaneous economic and econometric models to solve.
It is useful to consider briefly why. As Godley and Lavoie point out [9, pp.
61ff], a generally necessary condition for the solution of a system of simultaneous
equations is that the number of unknowns must equal the number of equations. In
addition, the equations must be mutually consistent. However, it is also interesting to consider the role of the various identifiable types of equations that make up
even as simple a model as Sim. One type is the accounting identity. The accounting identities are the equations that are implied by the way in which the economic data accounts are both defined and constructed, which include both those
known as Income and Product and as Flow of Funds Accounts. In a closed, sim-

41

plified economic system, total production (also commonly identified as Gross
Domestic Product in a more generalized setting) can be defined as either the sum
of all paid expenditures on newly produced goods and services or as the sum of all
payments of factor income:
Y = Cs + Gs = WB
Where
Cs = Consumer Expenditures
Gs = Government Expenditures
WB = the sum of factor incomes (which here, by assumption, has been
simplified to the wage bill)
In a more complicated modeling environment, additional sub-components of total
production will also include Investment as well as net exports (gross exports minus imports). But what is initially important is to recognize the system-defining
significance of such accounting identities.
Often, in economic textbooks and other such contexts of economic discourse,
the focus is placed almost entirely upon the behavioral characteristics of economic
agents. However, when modeling macroeconomic behavior, it is important to recognize that the accounting identities themselves provide an important structural
element and fundamentally affect how the model behaves. Certain aspects of this
circumstance can be seen easily. For instance, if one writes:
C= cY
as a (simplified) behavioral hypothesis, where c is a parameter, implicit even in
this equation is that:
C = c (Cs+Gs)
directly as a consequence of the above accounting identity. Of course, because of
the knowledge of such relationships, it is second nature for economists to regard C
and Y as being essentially jointly-determined variables, which in turn is also a reflection of the fact that economic accounting identities also reflect structural economic characteristics [13, 16, 18, 33]. But what is not always sufficiently recognized is the overall effect of the complete set of account identities that are implicit
in the data. For example, it is common in newspaper reports and even the television news for there to be frequent reports of the “savings” behavior of consumers
without most listeners ever being aware that changes in pension-related values of
financial assets are normally not included in such reported “savings,” even in
those cases that the employee initially contributes all or part of the funds. Thus,
on the one hand, it is important to recognize the role played by accounting conventions in the definition of the accounting identities and, on the other, how the
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identities that are implicit in the economic accounts may affect the behavior of any
economic or econometric models that are considered. Chapter 2 of Monetary
Economics provides a reasonably detailed, if introductory consideration of economic and social accounts.
As well as the simplified total production (GDP) identity displayed above, the
model Sim also includes among its identities the concept known as disposable income (YD):
YD = W * Ns – Ts
the government budget constraint:
Hs – Hs-1 = Gd – Td
and the household budget constraint:
Hh – Hh-1 = YD – Cd
Each of these relationships hold exactly, and are a definitional element in the
model – which is not necessarily to say that, as stated, they express a definitive
statement of any actual economy’s accounts. As they stand, they are each simplifications and this simplification is perhaps most evident in the wage identify,
which defines the (average) wage as total income divided by the number of people
employed. For one thing, it needs to be recognized that this wage variable is a
weighted average and, in a more realistic context, is therefore partially dependent
upon the distribution of income for its value.
The two most obviously behavioral equations in the model are the Consumption function:
Cd = a1* YD + a2 * Hh-1
and the tax yield equation:
Td = theta * W * Ns
each of which include behavioral or policy parameters (namely, a1, a2, and theta).
The first two of these are behavioral in the sense of stating what percent of the
disposable income and what fraction of household cash holdings are (by assumption) characteristically expended on consumer expenditure. Theta is policy determined in the sense of being an (ex post) policy-determined variable that specifies
what proportion of total income is taxed by the government. However, the behavioral model equations also include the four balancing equations
Gs= Gd
Ts = Td
Cs = Cd
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Hs = Hd
which at first sight appear to be both (deceptively) simple and not necessarily behavioral in their characteristics. The model also “includes” the redundant equation
Hh – Hh-1 = Hs – Hs-1
which is automatically satisfied by any solution of the model. However this equation is not explicitly included because its explicit presence would over-determine
the model. See the discussion in Monetary Economics (pp. 67-68).
An additional behavioral equation is the employment equation
Nd = Y/W
which can be seen to originate in a renormalization of the Wage Identity, so as to
state, in effect, the behavioral characteristic that the relationship between production and wages determines employment. In fact, this equation is an obvious stopgap artifice, which serves the purpose of determining employment in the model,
but which is actually properly considered to be a simplification posed purely in the
interest of obtaining a working model using a minimal number of equations in the
least complicated way. To the degree that this equation conveys an inherent logic
it is fundamentally the idea that output and the cost of labor per unit will determine in some way the demand for employees, without yet trying to state more realistically precisely how this manifests itself behaviorally.
In contrast, the four balancing equations define the equalization of demand and
supply. In the present instance, their economic content is perhaps less than obvious. However, for illustration, consider for instance an auxiliary reaction equation of the form
Δp = f(Cd-Cs)

Cd ≠ Cs

Δp = 0

Cd = Cs

which, although still abstract, begins to provide a statement of price behavior
based upon the equality (or not) of quantity supplied and demanded. In turn, in
order to make this type of reaction function more useful, it would of course also be
necessary to state how prices exactly affect demand and supply. Instead, what the
above balancing equations say, in the context of the Sim model, is that supply and
demand are identically balanced. In effect, this is an assumed behavioral characteristic of the model. Another way of expressing the role of these balancing equations is to characterize them as so-called objective functions, in the sense that in a
more complex model they could alternatively be stated in a way that defines the
equilibrium adjustment properties of the model. In contrast, although it does not
appear in the model (because it would over-determine it), the “redundant” model
equation functionally acts simply in the role of an identity.
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One way to consider the Sim model is to focus, as here, upon the simplifications that are inherent in it. The effect might possibly cause us even to dismiss the
idea that such a model could have anything to say about real world economic behavior. However, more usefully, particularly considering the later, more elaborate
models of the remaining chapters – or even models that may be alternatives to any
of these – it is helpful to recognize instead that the simplifications of this model
actually call attention to those aspects of economic theory that in an integrated simultaneous system need to be elaborated and justified. Historically, economists
have most often considered economic behavior on a rather restricted ceteris paribus basis, without then analyzing it more completely to provide a fully simultaneous statement of how an actual economy might behave. Here, we have embarked
upon an attempt to put all the pieces together and have now been confronted with
some of the complexities that are involved – even if, in the interest of pedagogy, at
this stage they have mostly been pushed to the side. One relevant question that
might be asked is, how far is it possible to go on such an obviously parsimonious
basis? That is, rather than to stress the simplicities, it is instead possible to consider the degree of richness of implied economic explanation and to begin to focus
on the insights that might be obtained as the analysis moves from the simplest
models to a progression of more complete models. Of course, even at their most
complete, all these models will inevitably be rather simplified representations of
economies that behave as they do as a result of the expectations, perceptions, and
actions of literally millions, possibly billions, of economic agents playing a variety
of roles.
In contrast to the deeper implications of this discussion, from a user’s perspective the process of compiling the model using MODLER is really rather straightforward and simple. Once the model is attached, if you click on the Model menu
element on the opening screen, you will see the usual drop down menu, as displayed below in Figure 1-18. Then choose Compile Model and, following that,
Execute. This final action invokes MODLER’s default processing of the model,
which involves first evaluating individually each of the above model equations,
then converting them into an ordered machine language statement (the CMF file)
that defines exactly, step by step, how the computer is to process them as a system
of equations. Generally, economic (and econometric) models are nonlinear in
their form and properties, whatever the characteristics of the individual equations.
These models also tend to be somewhat recursive, if at the same time involving a
degree of jointly determined simultaneity. As we go along, in the process we will
discover how models can be more or less recursive in their characteristics, and
how this particular property can affect the speed (and ease) with which models
solve. This first, very simple, model is more simultaneous than will be successive
models, even those equally simple. Watch carefully how small changes in the
specification of a model can affect the number of iterations required in order to
solve it. The simplicity of the first few models makes their solution properties
much more immediately evident than in the case of the later, more complex models. Although it is possible to discount these simple models as too simplified,
what may be surprising is the possibly unexpected behavioral characteristics that
they nevertheless exhibit.
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Figure 1-18. Compiling Sim
In response to the Execute command, executed interactively, MODLER will
display a small information form that states “Please Wait…Compiling Model” and
then wait for you to respond by pressing the OK button on that form. When you
press this button, instantly you will see a result in the form of the display shown in
Figure 1-19. The Sim model contains so few equations that the compile process
itself, using a modern microcomputer, takes no more than a few nanoseconds. In
fact, it takes more time to display the results than to perform the compilation steps.
As you will see from Figure 1-19, the operations include verifying the normalization (and other) properties of each of the model equations, then re-ordering the
model equations so as to provide the most efficient solution ordering. Next, the
model variables are alphabetized, a step that later will make it possible to display
easily the values of each of the model variables. Finally, the compiled model is
loaded into a file, called Sim.CMF, the extent CMF implying Compiled Model
File. The model now exists in the form of two related, but distinct files on the
hard disk of your computer, namely the Sim.MOD and the Sim.CMF files. The
model, as compiled, evidently contains a total of 16 variables, 11 equations, 5 exogenous variables, and no necessarily constant parameters. By implication, there
are 11 endogenous variables. In this context, the 5 exogenous variables are among
the “knowns” of the model.
This model, when solved subsequently, will provide values for each solution
period for the 11 endogenous variables. In order to generate these values, any
person using the model must first provide the corresponding values of each of the
5 exogenous variables, which include also the values of the three parameters (a1,
a2, and theta). Notice that the fact that these parameters appear as variables, instead of estimated constants, implies that whenever the model is solved, it will be
possible to consider (among other things) any of a range of possible values for
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these. The other exogenous variables are Government Expenditures (Gd) and the
average wage (W). At any time the model is solved, there is in addition inevitably
an initial condition, namely the cash holdings of individuals during the time period immediately before the first solution period of the model.

Figure 1-19.

Compilation Information

However, one more user-instigated MODLER operation needs to be performed
before it will be possible to solve the model, which is to create one or more solution files, also sometimes referred to as SolvFiles. Among the specific program
requirements is that each solution file must contain one or more historical values
for each variable for one or more time periods before the first time period for
which the model will be solved. Thus, as a user you will be expected to provide
data that include both “historical” values and “solution period” values. Generally,
the time periods of all MODLER-based models are nominally stated in terms of
chronological time, reflecting that MODLER originated as software to support the
construction and solution of econometric models of actual economies. Such
models are always defined in terms of actual chronological time, rather than periods 0,1,2,3,…. For present purposes, this need to talk in terms of historical time
can be slightly disorienting initially, but the dates used can of course always be
chosen arbitrarily. Notwithstanding that we are dealing with fictional time periods, after a very short time you will get used to considering the model solutions as
if they take place over a certain stretch of historical time and then thinking nothing
further of it.
At this stage, the data for the model will all be contained in the Sim.BNK data
bank. The process of creating the one or more solution files consists simply of
causing MODLER to copy some or all this data from the bank to a new solution
file that we will create. To accomplish this task, initially go to the MODLER
opening screen, click on the Model menu element and then choose Solution
Setup Operations, as shown in Figure 1-20, which operations are performed in
the context of the Model Solution Manager Screen.

47

Figure 1-20. Solution Setup Operations
When you click on the menu element Solution Setup Operations, the Model
Solution Manager screen shown below in Figure 1-21 should appear. It looks
precisely the way it does because at this point we have already attached the model
and have just compiled it. Notice that the name Sim.MOD appears on the status
bar at the bottom of the screen in this figure, but that the status bar also indicates
“No SolvFile Attached.” At the top of the screen there is also an icon consisting
of a yellow box with two darker boxes superimposed on it. This icon, whenever
it appears, is a telltale that indicates that one or more spoolfiles have been created.
These are text files that provide details about various operations most recently performed; in this case, one of those is the compilation of the model. Click on this
icon and select Compile.SPL as the file to view and you will then see again the
contents of Figure 1.19. Although sometimes quite useful to review, Spoolfiles
are inherently temporary files, designed to provide only the most current information. They are therefore usually automatically erased at the end of each MODLER
session and are subject to being overwritten once or more during a session, so that
if you wish to preserve one for some later purpose, you should view it and then
save it immediately under another name. MODLER’s internal file editor can always be used to rename and save such files. However, in lieu of having saved one
in this way, you should always recognize that each of these files refers to the latest
operation of that type that has been performed. You will notice that each of the
Spoolfiles is given what is meant to be a mnemonic, descriptive name that refers
to a particular type of model building operation.
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Figure 1-21. Model Solution Manager Screen
The next order of business is to create the solution file. In order to create this
file, the relevant data bank or banks must be open. The data bank icon in Figure
1-21, which looks something like a temple, can be used to open the Sim.BNK file.
Once opened, a second bank icon will appear next to it, with its doors seemingly
open. Then, in order to create the solution file, click on the create solution file
icon – just beneath the menu element Assumptions – which will cause the form
shown in Figure 1-22 to appear.

Figure 1-22.

Solution File Creation Form

Among the things you will now need to do is to provide a name for this solution file, which might simply be the name Sim. The program, when it creates this
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solution file, will automatically append the extent .SOL, to indicate that Sim is a
SolvFile. The date range shown, from 1947 to 2008 can be used, although this
date range is beyond that indicated in the time plots found in Chapter 3 of Monetary Economics, which appear there as Figures 3.1ff.
When you then click the
OK button of the form in Figure 1-22, provided that you have properly created the
model (having, for instance, established earlier the setting to Permit Mixed Case
Series Names) and then compiled it, you should then see the display shown in
Figure 1-23. This display specifically exhibits the solution file creation details.
Notice in particular that the model variable values from 1950 to 2008 have each
been loaded, and that they have been retrieved from SIM.BNK. As a general circumstance, you are told both where the values are retrieved from and for what
date range. Notice that you are also shown the model variable names.

Figure 1-23. Sim SolvFile Creation Details
Why all this information is important, as a general matter, is that you need to
know at this point that the values for each variable have been retrieved from the
“right” bank and for the date range that you expect. If observations are available
for a particular variable in a given bank, open for access, then within the range
you stated on the form shown in Figure 1-22, all of these will be retrieved. If you
should see that, for a particular variable, a shorter date range of observations are
retrieved, this shortened date range implies that these restricted observation dates
are the extensive dates for that variable within that particualr data bank. If you
observed that for one or more variables, observations have not been retrieved, the
implication is that the variable is not represented in that bank – at least under the
series name used in the model. However, there is no requirement that all observations on all variables need to exist in a single given bank. If two or more banks
are open, values can be retrieved from any of them (or the MemoryFile, for that
matter). However, if observations on any model variable cannot be retrieved, this
circumstance constitutes an error condition that must be corrected before you will
be able to solve the model.
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It is a characteristic of MODLER that, for a model to be solved, observations
on all variables must be present for the time period just before the first solution
period. Observations must also be available both for as many historical time periods as lagged values are required for any and all variables that appear in the model
with lags – at present, this requirement affects only the variable Hh. In addition,
for a model to solve, observations must be present in the solution file on all exogenous variables in the model for every time period for which the solution is attempted. The fact that the solution file has been ostensibly created is not in itself a
sufficient condition for the model to be solvable. An appropriate data set, in the
form of a solution file, is also necessary.
However, it is not necessary to first solve the model in order to view the values
contained in this just created file. At the Model Solution Manager screen, click on
the View menu element and you will see the dropdown menu shown in Figure 124. If you then click on Standard Solution File Table, as shown, you will be offered a chance, as shown, to view all variables, only the endogenous variable values, or only the exogenous. Each of the tables these choices produce is rather basic in its attributes, rather than beautifully presented, but together they do permit
you to see exactly what values are currently present in the attached solution file
for each of the model variables. The primary idea that stands behind the production of these particular tables is that they should be able to be produced immediately, once the solution file has been created or otherwise attached, without requiring any additional effort. Other MODLER facilities later allow you to design
much more attractive tables for presentation purposes, should you wish, but such
an effort is initially superfluous. First we need to know that the model actually
can be solved, does not have a fatal flaw, and that it otherwise has characteristics
that will make it worthwhile for you to spend the time to develop an elaborate, attractive presentation of the full set of results.
Notice also the implication that one way to specify the values for even the exogenous variables in the model for the entire date range of the model solution periods is to include these values in the relevant data bank. The process of storing
values in a data bank has not yet been described, but you later may find it useful to
be aware that data bank values need not be only “historical” (pre-solution period)
in characteristic. At present, what this circumstance implies is that now, once the
Sim solution file has been created, everything is set for us to begin to consider the
behavioral characteristics of this first model.
Just here, it might be helpful to pause momentarily in order to consider our
progress. The discussion during the past two sections of this chapter has proceeded step by step, in order to give you detailed information about the model
construction process, including the various aspects of creating and organizing a
model for its first solution. Seen from another perspective, what we have essentially done is to perform individually each of the actions that are alternatively performed by executing the Sim macro (SIM.MAC), displayed in Figure 1-4. This
macro defines the model, then compiles it and finally creates the solution file. But
that is all. To go further, we now need to solve the model, which is not addressed
by the macro.
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Figure 1-24.

Quick and Dirty Model Variable Display Tables

Solving the Model
At this point, the steps you need to take to solve the model will depend upon
how you got here. If you have come step by step, to solve the model you will
need first to click on the Solve menu element at the far left of the Model Solution
Manager screen. This action should result in the display of the form shown in Figure 1-25. Alternatively, you can begin at MODLER’s opening screen. There,
click on the File menu element, then click on the Run a MODLER Macro dropdown element of this. The effect will be to bring you to the point that you can
then click on the Model menu element of this screen and then click on its Solve
Model sub-element, which will immediately display the Execute Solution form
shown as Figure 1-25. These are alternative routes to the same destination.
In either case, when this form appears, it is almost certain to show the solution
period as being from 1950 to 2008. However, the solution file contains data values that start only in 1950. Inasmuch as the historical values must exist for at
least one time period prior to the first solution time period, and furthermore there
must be at least as many historical time periods as the maximum lag on any variable in the model, the initial solution period must be set to 51 (or 1951), in order
to successfully solve this model. In addition, as shown in Figure 1-25, the Solution Parameter Settings will need to be set so that the maximum iterations is 50.
Other models may require a different number of historical time periods before the
first solution period or a different number of maximum iterations. Should you
make a mistake when specifying these values, MODLER will let you know at the
point that you attempt a solution.
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Figure 1-25. Solution Execution Form
Once these changes have been made, to solve the model it is now necessary
only to press the OK button on the Solution Execution form. When this button
has been pressed, you should then be presented with the output shown in Figure 126, found on the next page. To display this form on your screen in the same manner as has been done here in Figure 1-26, you will of course need to “pull down”
on the form’s bottom edge. You will also need to be using a computer with a
screen that has sufficient vertical resolution to display this number of rows. Otherwise, you will need to scroll up and down to see the values shown. But, in any
case, this display provides information on the characteristics of the solution, including the number of iterations required each solution time period. We will consider later the particular implications of the number of these in each case.
Obviously, the information shown in Figure 1-26 is somewhat abstract, telling
us nothing about the solution results themselves, other than the number of iterations and certain technical solution details. Further insight is provided if you next
click on the View menu element of the Model Solution Manager form and then
choose Current Solution Plots. These plots progressively display the solution
time path of each of the model variables, one after the other. The software is designed so that each of these is plotted in the order in which it appears in the solution file. However, it is easy to focus attention on certain variables and their values and an obvious choice to make is that set of variables the plots of which are
displayed as Figures 3.1 to 3.4 in Monetary Economics, which summarily display
Y, YD, Cd, and the money stock and its change. You should by now recognize Y
as the mnemonic for national income, YD as disposable income, and Cd as consumption expenditures. Furthermore, the use of Cd here, rather than C, used by
Godley and Lavoie, reflects the specific demand side interpretation of the values
shown. We are here operating just that little bit closer to the road than Godley and
Lavoie, who focus more on the implications of the plots than we will do. Our focus presently is more on the mechanics of the solution process.
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Figure 1-26. Solution Characteristics
In addition, it is possible to plot specifically named variables: Under the View
menu element, select Individual Variable Plots. When you click on this item,
you should then see the form shown in Figure 1-27. If you press the button Variable List, you will be shown the list of model variable names. Double click on
any one of these to copy it to the white textbox area of this form. As many as 7
variables can be plotted at the same time. We will later learn how to capture two
or more variable names simultaneously, in order to make plots. Alternatively, recall that the Open Macro button permits lines or portions of lines to be copied
from existing macros; for example, if you have previously created one or more
macros that include plot commands. Incidentally, the implicit function DIF can be
used to compute the values of a variable and the lag of that variable. This function will therefore allow you to compute the change in money holdings, Hh-Hh-1:
DIF(1,Hh)
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Enter this in the white textbox space of the form shown in Figure 1-27.

Figure 1-27. Plot Control Form
But rather than to consider in depth these model solution results, an aspect of
the modeling exercise conducted so far that now needs to be particularly appreciated is exactly what has transpired. The original data set, which can be displayed
independently of the model’s solution, can be viewed both as tables and plots.
This model solution display can be effected by the simple process of loading an alternative Solvfile – which might be called by the name PreSolve.SOL – and then
printing the tables and displaying the plots by the process just described. If you
take this trouble, you will discover that the data bank values of the endogenous
variables for each annual observation over the time period from 1950 to 2008 are
each zero before the model is solved. Once you discover this fact, it will be obvious to you that the data bank data, when loaded into PreSolve.SOL – by simply
replicating the SolvFile creation process described previously for the file Sim.SOL
– does not consist of historical values for any actual economy. Instead, by following the steps described above, we have simply created a model that establishes
accounting relationships and incorporates certain assumed behavioral characteristics. We then solved it. Despite the fact that the model’s solution time period has
been nominally stated to be 1951 to 2008 (which dating characteristic, as noted
earlier, reflects the purpose for which the MODLER software was originally developed) this dating is entirely arbitrary. As mentioned in Monetary Economics
(p. 72, footnote 10), these dates can be ignored; it would have been equally logical, and more factual, to have stated the solution period simply as 1,2,…,58 were
this choice a MODLER option.
The model that we have created and solved is entirely a conceptual construct,
and as such is limited only by our collective imagination, subject of course to the
standard mathematical rules and the logic of economic theory. It nevertheless
gives us an ability to begin to examine the implications of that theory in a detailed
and empirical way not possible before. Furthermore, there is an important sense
in which the Sim model can be viewed as a valid, if quite simplified representation
of a putative economy. The model, as created, incorporates an accounting structure that is (loosely) based upon that of a modern industrial economy. The simplifications abstract from the real world – but not so much that we are not provided with a degree of guidance about at least some of the possible behavioral
characteristics of an actual economy. This idea should not be overstressed at this
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point, for we need to carry the analysis much further before we can begin to reach
defensible conclusions, but neither should it be ignored that we have embarked on
an instructive thought process and begun to gain some valuable, if quite preliminary, insights.
Charles Goodhart, in a recent review of the Godley and Lavoie book [12],
chose to interpret it as much more of an attempt to provide one or more fully applicable models, characterizing their work as “meticulous and painstaking”, but as
being, in the end, possibly a “gallant failure,” in large part because of its ostensible inability to deal with credit crises. In contrast, the perspective adopted here is
that these models should be interpreted to represent pedagogic tools, rather than as
intentionally presenting in themselves a complete counter to the “competing neoclassical paradigm” that Goodhart appears to suppose. The Godley-Lavoie models in Monetary Economics are stepping stones in the process of learning to model
economic phenomena, to be valued for the sometimes surprising insights they
provide, but not faulted for being what they are not.

Modeling Expectations
The SIM model just considered is conceptually based upon perfect foresight,
expressed in terms of the consumer basing his or her consumption expenditure decisions on realized income, YD. An alternative possible formulation is:
Cd = a1 YDe + a2 Hh-1
where YDe constitutes expected income.
sion of this equation is:

The corresponding MODLER expres-

Cd = a1 * YDe + a2 * Hh(-1)
which is similar to, but somewhat different than the standard printed mathematical
notation. Notice that here (and earlier) the * symbol is used to denote multiplication.
The idea that a consumer might base his or her consumption plans upon expected, rather than known future income, is of course quite a plausible idea. The
only problem is that expected income is an unobserved (generally unobservable)
variable, which raises the question, how to represent this idea? One way to represent it is to start by assuming that the consumer might initially begin by expecting
his income in the current year to be closely related to last “year’s” income, which
will of course be known. In the absence of certain knowledge to the contrary, it is
a common characteristic of people for them to expect recent experience to be a
good guide to the future, so that after some discussion Godley and Lavoie express
this by adding to the Sim model the additional equations:
YDe = YD(-1)
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and
ΔHd = Hd – Hh-1 = YDe - Cd
However, notice particularly that what stands behind this approach is the underlying idea that the consumer will begin by expecting future income to be the same as
recent past income. As we will see, not ruled out at all is the possibility that, as
experience cumulates, to the degree that this initial expectation is falsified the
consumer will begin to revise his or her expectations and modify his or her behavior, or at least compensate in some way. It is also possible, as we will discover,
that even if the consumer proves unable to learn by doing, the final effect may turn
out to be essentially the same nonetheless.
Actually, the first of these two additional equations is not strictly necessary.
An alternative way to formulate this representation of expectations is to include
YD(-1) directly in both the consumption function and the second of these additional equations; that is, it is not necessary to explicitly add the variable YDe to
the model, except to the extent that this addition is viewed as having pedagogic
value. MODLER permits embedded expressions in almost any command, which
consequently allows models to be expressed parsimoniously using a minimal
number of equations – but in this case doing that might make each of the concepts
less obvious. The stress for the time being at least will be upon the presentation
of the models in such a way as to enhance their pedagogic value.
The SIMEX.MAC file, the second macro file we will consider, includes this
representation of expectations. This file can actually be viewed from within either the Model Builder and Equation Editor screen or the Model Solution Manager
screen. It is not necessary to start over from the opening screen. In the case of either of these model management screens, look under the View menu element for
the entry Macro or Other Textfile, as shown in Figure 1-28. Then click on it.
You will immediately be presented with MODLER’s supplementary file selection
screen, which will reveal a list of macro files from which you can choose.

Figure 1-28. Viewing a Macro from the Model Builder and Equation Editor
Screen
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If you choose to select and open the file SIMEX.MAC the contents of this
macro will appear, as displayed in Figure 1-29. Notice that, in a number of respects, the SIMEX macro is organized very much like the SIM macro earlier. Uppercase Off implies the mixed case representation of model variable names.
Likewise, all open banks are closed and then we begin to set up to define the
SIMEX model.

Figure 1-29. SIMEX Macro
Observe also that the presentation of the equations of these models in the context of a macro simultaneously provides an overview of them that we did not obtain earlier, when – in the case of SIM.MOD – we proceeded one equation at a
time. The abiding benefit of having proceeded one equation at a time is that we
now fully understand the equations contained in the macro. Actually, once you
have reviewed the contents of the SIMEX macro, the Model Builder and Equation
Editor Screen can also be used to execute it. Click on this screen’s File menu element and then on Run a MODLER Macro.
Furthermore, once the Simex macro has executed you can then click on the sequentially next dropdown element under File -- namely Model Solution Options,
as shown in Figure 1-30 – in order to go directly to the Model Solution Manager
screen. Of course, you can instead return from the Model Builder and Equation
Editor Screen to the MODLER Central Control Screen and from there go to the
Model Solution Manager Screen. However, you obtain the same effect using
Model Solutions Options.
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Figure 1-30. Option to Run a Model Macro
The Simex macro evidently not only creates the Simex version of the model,
but also compiles it and then creates the Simex solution file. Therefore, all that is
required to go forward and solve this model is to specify the initial solution date as
1951, set the maximum iterations to 50 and then press the OK button on the Execute Solution form, shown subsequently in Figure 1.31 Execute Solution is the
first choice under the Solve menu element of the Model Solution Manager screen
and causes the superimposed form to appear that is shown in Figure 1-31. If you
would like to learn more about the several optional settings on this form, the
MODLER User Guide provides the details.

Figure 1-31. Solve the Simex Model
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The characteristics of the solution process are shown in Figure 1-32. A mildly
interesting aspect of this display is the relatively much fewer iterations required in
the earlier solution periods, as compared to the Sim solution characteristics, previously displayed in Figure 1-26. Godley and Lavoie mention in passing (p. 80)
that the Simex model is slightly more recursive in mathematical structure than the
Sim model and this greater recursivity is reflected in the solution pattern shown
here. Actually, because of the need to compare successive iterations in order to
determine convergence, the minimum possible iterations is 2, so that none of the
models will ever solve in less than 2 interations per period.

Figure 1-32.

Simex Model Solution

If, on the Model Solution Manger screen, you next click on View and then
Current Solution Plots a series of plots of the solution values of each of the
model variables will appear. If you either press the Next button on each screen,
or the Enter key on your keyboard, you will be able to view these plots one after
another. These plot screens can enlarged to full screen size and, if you wish, they
can be enhanced in various ways, as described in the MODLER User Guide.
Among other things, you can add titles and axis captions and generally ready them
for publication, then copy them to the clipboard or create specific types of files
that can be displayed in Word and other programs.
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The plot of Government Expenditures shown in Figure 1-33 takes a “step” form
indicating that after the increase in the initial period the level of expenditures remains the same.

Figure 1-33. Plot of Government Expenditures
In contrast, Consumption Expenditures demonstrate a progressive adjustment,
as is discussed by Godley and Lavoie in various places in Chapter 3 of Monetary
Economics.

Figure 1-34. Consumption Expenditures
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Considering Alternatives
As a matter of exposition – in order to introduce many different topics and to
consolidate ideas – it has been helpful so far to gloss over certain aspects of the results that are finally very important to consider. For instance, the data have been
described as time series data, because in many contexts it is relevant to think of
economic behavior as taking place over time, as well as the fact that inherently
economies require time to evolve. However, it has also been mentioned that the
data found in the SIM data bank and copied to the SIM and SIMEX model solution files might best be considered as instead defined by periods, t=0,1,2,3,….,
rather than years, as suggested by the several MODLER displays that show the
model results. As Godley and Lavoie discuss, it may in fact be better not to become overly time oriented and instead to contrast the findings in terms of two
long-standing economic concepts, the short term and the long term. These two
concepts can be thought of as fundamentally determined by the definition of fixed
costs versus variable costs. That is, the results can usefully be considered in terms
of short term, several period results. Then, as revealingly, they also need to be
considered in terms of the asymptotic properties of the models.
It is critical to confirm for yourself – by inspecting the data contained in the
data banks – that the variables have the salient characteristic that only the exogenous values (including the parameter values) are defined as non-zero a priori. If,
before solving the model, all the data are displayed and inspected, what quickly
becomes evident is that, except for the exogenous variable values, the values are
not determined in advance; most are zero initially. Ostensibly, we may have been
talking in terms of the years from 1951 to the early years of the twenty-first century, but actually these “observations” have no particular dating and have no relation to any actual data on any actual economy. What has in fact been done is to
consider the performance of the models over a 50+ period horizon. Consequently,
rather than to have described the period as divided into years, it is just as defensible to think in terms of 50+ months or even 50+ weeks or other such time intervals. Both the ”short term” and the “long term” in this context are finally to be
considered by the analyst as being somewhat subjectively defined, rather than by a
data set that is defined by any historical time definition.
An important, early
study of the immediate and dynamic properties of econometric models is the well
known book by Goldberger [10], which evaluated the impact and dynamic multiplier properties of the early Klein-Goldberger model; however, that seminal study
suffered from being performed in the days that all calculations had to be made either by pencil and paper or else using an electro-mechanical desktop calculating
machine [6, 11].
In the case of a traditional econometric model, historical data generated by a
particular economy are of course used in the development of the model, especially
to estimate unknown parameters of the behavioral relationships. Because of this
characteristic, once annual data are used, the model in its properties is usually an
annual model inherently; if quarterly data, the model is a quarterly model. As a
consequence, when considering the solution behavior of the model, the time definition of the observations is normally a given characteristic of the model. In con-
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trast, in the case of the models considered here, the time period is only whatever it
is imagined to be. This is, ultimately, an extremely important consideration, for
while it may be appropriate to consider values as in some way linked to the passage of time, these linkages are much less definite in the present context. For instance, there is nothing to say that government expenditures as portrayed by the
model are defined in thousands of monetary units or millions or billions. It is best
to think of what we have done so far as merely an example of what happens, in
terms of model behavior, when certain accounting relationships are defined and
then, in addition, specific behavioral relationships are postulated. The reason at
this point to make much of these particular characteristics of the models is to allow us to free our minds of any assumption that they have aspects that are defined
by some particular data set that underlies their construction. Accounting relationships and assumed behavioral relationships are what matter to the properties of the
models we are considering and this fact provides considerable freedom to examine
just what the implications are.
Considering the model solutions to this point, what we have done in each case
has been to make the computer trace out a set of results based upon a given set of
assumed exogenous variable values. These have been first imported as data bank
values and then copied to the model solution files. However, MODLER provides
considerable freedom to examine instead the implications of an alternative set of
exogenous values. This freedom will become progressively more important as
we begin to consider more complex model representations, but it may be useful
now, while the models remain quite simple, to introduce the some of the facilities
that the software provides to vary the model assumptions. The Model Solution
Manager screen has previously been used both to solve the models and to display
the results. However, a further capability of this screen is to manage the more
particular properties of a solution. Observe the screen display in Figure 1-35 and
notice that if we click on the menu element Assumptions, a drop down menu is
exposed that provides a considerable variety of options.
Initially, it is possibly best to restrict attention to the top portion of this drop
down menu. There are several ways to specify model assumptions and these can
be classified into three fundamental categories. The first, represented by the
choices Exogenous Variables (Interactive), Endogenous Variables (Interactive), and Selected Variables (Interactive), relate to MODLER’s internal solution assumption options that, as we will see, are presented in essentially a spreadsheet like form. Alternatively, the next option is represented by the two choices
Edit Macro: Assumptions/Adjustments and Run Macro: Assumptions/Adjustments. Finally, the third option is the Simset (External): Specify/Change Assumptions. The last of these categories is an alternative to the
first that is not particularly interesting in the present context; this is a facility that
was available in the 1980s and was important even until the first few years of the
21st century for its relative speed of operation when working with large models of
500 and more equations. It will not be considered here and remains a part of
MODLER simply because certain long time users still find it useful in their work.
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Figure 1-35. Changing Model Assumptions
The other two options are best introduced by example. Click on the element
Exogenous Variables (Interactive) and you should immediately see the form
displayed in Figure 1-36, provided that you have already attached the SIM or
SIMEX model and an associated solution file.

Figure 1-36. Internal SimSet Solution File Editor
Depending upon the resolution of your computer’s screen, you will be able to display more or less observations at a time than shown here. However, this solution
file editor operates in a number of respects very much like a spreadsheet display,
with the important exception that it does not immediately solve the model when
changes in variable values are made. As you make changes to variable values,
these changes are immediately recorded in the model solution file, but it is not until you press the OK button and then execute the model solution (generally using
the form last shown in Figure 1-31) that the model is solved. Sometimes, one
value of only a single variable will be changed, in which case the immediacy of a
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spreadsheet like response would be attractive. However, more often, several
changes might need to be made before then considering the net effects on the endogenous model variables.
Obviously, using the slider at the bottom of the SimSet display, you are able to
look at earlier values of the variables. Alternatively, press the Home key on your
keyboard to go immediately to the first few periods of values, beginning with
1950. The default display sets the cursor at the last period for which observations
are available, reflecting once again MODLER’s origins as econometric model
management software in a context that the usual focus is upon making future forecasts beginning at the present time. There are several modes of data entry, as we
will consider later, but first it might be useful to click on the button labeled Variables Displayed. This screen permits the (exogenous) variables to be selectively
displayed, but in the present context there are only 5 exogenous variables, so that
this option does not make much difference to the ability to work with the present
models. Large, complex models, in contrast, may need to be managed in terms of
particular sub-sets of variables. The Help button can of course be used to obtain
immediate, more detailed information on the various characteristics of SimSet.

Figure 1-37.

Variable Selection Form

Next click on the button labeled Options. This button displays summary characteristics of the model and the form that it displays controls both the way that
model variables are shown in this spreadsheet setting and exactly what is displayed. Generally, by default, MODLER orders the displayed variables in the solution order of the model, which is essentially a heuristically most recursive ordering; however, you can alternatively display the variables in alphabetic order,
which may make particular variables easier to find.

Figure 1-38. SimSet Options Form
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However, notice also that the variables displayed in Figure 1-36 as exogenous
are displayed two lines per variable. For each variable, the first line displays the
level values of the variable. The second by default displays the percentage
change. It is a characteristic of this solution file editor that you can change either
the level values of variables or you can specify period to period what the percentage change should be. When you are considering the values of each model exogenous variable, it is quite often useful to be able to define what the percentage
change should be each period, rather than to need to calculate separately what the
corresponding level values might be. Operationally, if the level values of a variable are changed, the percentage change is immediately computed on the second
line and vice versa. That is, it does not matter which of the two lines for each
variable you change for the other line instantly changes in a compensatory fashion. Furthermore, you can measure the percentage change in several possible
ways. However, notice also that you instead have the option of displaying period
to period differences, rather than percentage change. These several choices will
be considered in greater detail later, as appropriate.
The Refresh button in turn permits the solution file to be updated drawing upon
either another solution file or a data bank or Memory File. This refreshing operation can be performed selectively, focusing on certain variables, or generally. In
the case of the Sim and SIMEX models, the size of these models makes it just as
easy simply to re-create a particular solution file, but in a more sophisticated setting the Refresh option becomes much more interesting.
It is also possible to click on the model name and solution file name in the upper left hand corner of the SimSet screen. If you click on the model name, a
small form displaying summary characteristics of the model will appear. If you
click on the solution file name, a summary form of its characteristics will appear.
The various features of the SimSet facility are specifically described in separate
documents that can be downloaded from the www.modler.com website, as well as
in the MODLER User Guide and elsewhere. We will only consider certain aspects
as we proceed. The fundamental property of this facility is that in order to change
the values of any model variable, it is only necessary to place your mouse on one
or more values and then type a new one. In contrast, the alternative is to create or
edit a macro that performs this same operation, by first clicking on Edit Macro:
Assumptions/Adjustments then Run Macro: Assumptions/Adjustments, as
appropriate. Operatively, one of the issues to consider when making a choice between these options is whether or not you wish to maintain an audit trail of the
various assumptions made, or if you simply wish to see the effect of particular assumed values at a particular point in time.
One further aspect of this screen is also usefully considered at the moment.
Click on the textbox at the lower left of the screen, which in Figure 1-36 contains
the words One Value. One Value signifies that when variable values are changed
they will change a single value at a time. But if you look at the drop down contents of this textbox, you will discover that the alternatives include also Repeat,
Add, Subtract, Multiply, Divide, Grow, and Trend. The Repeat option, for example, directs SimSet to repeat the value that you have entered for a given number of
periods forward. The Add, Subtract, Multiply and Divide options define how the
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values you might enter will modify the existing value of a particular variable. The
Grow and Trend options permit you to define how a particular variable’s values
should change over successive periods. The various options, or at least certain of
them, make it easy to define the dynamic properties of the exogenous variables.
Once the values of these variables have then been set, when the model is solved
the model’s solution then defines the impact of these particular changes on the
model’s endogenous variables.

Steady State Versus Stationary State Solutions
Recall now that Godley and Lavoie consider the solutions of the Sim model in
terms of the distinction not only between the immediate impact of a change, in the
one or two or three periods after it first occurs, but also between a stationary solution, on the one hand, and a steady-state, on the other. They discuss (pp. 68ff) the
Keynesian multiplier both in terms of its equilibrium value after two periods,
which can be stated as:
Y* =

G
1 − α1 (1 − θ )

implying a multiplier value that at the end of the second period computes as 1.92.
However, they argue that this is merely a short-term result, a result that does
not take into account the impact of changes in flow variable values on those of
stock variables. Recall that Income, Consumption, and Government Expenditures
are flows. In contrast, Wealth and Capital are stocks, here considered minimally
and restrictively in terms of (high powered money) cash holdings. The models’
solutions trace out a progression of changes. Initially, the changes in the exogenous variables, when set at a certain (constant) level, impact on the flows by causing them to attain levels that may be constant through time, but that can still cause
cumulative changes in the stock values over time. A given question might be
phrased in terms of a stationary state, which when reached results in the stocks
remaining constant through time. Alternatively, it is also possible to consider the
change in the stocks that might, as a rate of change, remain constant over time.
Godley and Lavoie argue that the steady state can be considered, at least initially, as a stationary state in which the “key variables remain in a constant relationship to each other. This must include both stocks and flows rather than flows
only…” When flows only are considered, the equilibria take the form of shortterm (temporary) equilibria, often in the time honored economic sense of a time
period during which costs can be distinguished between fixed costs and variable
costs. In the short-term, fixed costs exist; in the long term more or less by definition they generally do not. However, this idea runs ahead of the analysis by Godley and Lavoie, who specifically consider the consumption effects of the simple
model (p. 71). That is, wealth is accumulated in the form of growing cash balances, and, as these cash balances accumulate, they also sponsor additional con-
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sumption, in the form of the consumption of a proportion α2 of the wealth Hh-1,
and which is manifested as a term in the consumption function, α2 Hh-1 .
The distinction between a stationary state and a steady state can be defined in
terms of the distinction between levels and ratios for both flows and stocks. When
“the levels of the variables are constant, the steady state is a stationary state” (p.
71). However, “in general, the steady state will be a growing economy, where ratios of variables remain constant. Whether we are in a stationary state or a steady
state with growth, we may then speak in terms of long-run solutions. Most of the
Godley-Lavoie models will be found to omit growth and hence to deal with stationary states (p. 71). In a stationary state, for example, they find a constant relationship between the stationary state flow of income and government expenditures, expressed in terms of the so-called fiscal stance G/θ :
Y* = G

θ

It is when considering such concepts that it is particularly useful to recognize the
period analysis nature of the models, rather than to permit ourselves to think in
terms of chronological time. In addition to the relationship between Y* and G, in
a stationary state Consumption is found to be equal to Disposable Income:
YD* = C* = G ⋅ (1 −θ )
θ
A particular implication of this result is that the model solution can define a specific relationship between consumption expenditures and disposable income that
transcends the model equation in which these two flows also appear. Furthermore,
in the stationary state, wealth H* can be expressed as:
H* =

1−α1 YD* = α3 YD* = α3 G ⋅ (1 −θ )
∗

α2

θ

We have also observed the model result that in the stationary state, consumer saving (that is, the addition to money balances) converges to zero (p. 74). Notwithstanding the simplicity of the Sim model, it provides certain definite results, both
in the short term and the long term.

The Impact of Expectations
The Sim model, as just considered, has the important characteristic of embodying perfect foresight. Consumption Expenditures depend upon realized income,
both ex ante and ex post. The SIMEX model, in contrast, relaxes this assumption,
adopting instead a formulation that makes Consumption Expenditures a function
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of realized (ex post) disposable income from the last period. In this particular
formulation, consumers are posited to base their expectations of future income on
their most recent historical experience. Here too, the issue of the observational
periodicity of the model is important. If the idea of the SIMEX model as an annual frequency model is enforced, then the argument must rest on the idea that
consumers are sufficiently myopic as to think this year’s income will be the same
as last – and of course a year can be a long time. However, if the periodicity of
the model is instead considered in terms of week to a month, then the idea of expectations being based upon most recent experience becomes that much more defensible as an assumption. Windfalls can still occur, as surprise events (both in
the form of tax rebates and pay raises), but in a short period of time they may well
not be expected at that instant. As discussed earlier, although this particular formulation of expectations may not finally be ideal, it should also be recalled that
the overall behavior of the model incorporates the phenomenon that, when expectations are mistaken, there is still a compensatory adjustment mechanism present,
one that works through the wealth variable, namely Money Holdings.
As a further alternative, Godley and Lavoie also briefly consider what they call
“inert expectations.” In this case (pp. 82-83), the consumer is supposed to base
his or her expenditures on a fixed disposable income flow. The result is of course
a case of extreme myopia in the event that external circumstances – say in the
form of increased economic stimulus – cause these expectations to be persistently
falsified, but without any corresponding change in expectations on the part of the
consumer. The operative effect is to add an additional equation to the SIMEX
model, in its “inert expectations” form now called SIMEXF:
YDe = YDf
In Monetary Economics, Godley and Lavoie use the notation of a bar over the
(exogenous) expected income, but in the context of MODLER, this notation is impossible to represent directly, whereas adding an extra “f ” works easily. Notice
that we can follow this lead exactly, creating a new model (by executing the
macro SIMEXF.MAC) in which the model has been modified to incorporate this
equation. The model’s equations are shown in Figure 1-39.
Operationally, to use this model with MODLER all that is required is to provide a set of values for YDf, which effectively is an additional model exogenous
variable. Notice also that this choice is only one of several possible choices. For
example, we might alternatively create a new macro in which it could be supposed
that:
YDe = (YD(-1)+YD(-2)+YD(-3)+YD(-4))/4
Thus specifying that the consumer views his or her expected disposable income to
be a moving average of the previous four time periods. There are clearly a wide
range of suppositions that might be made about the degree of the consumer’s
myopia. All these can be individually considered, to see how each qualitatively
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affects the short and long term behavior of the various resulting alternative models.

Figure 1-39. Inert Expectations Model
Here, however, the Godley-Lavoie formulation will be the only one considered
as an example. Once the SIMEXF.MAC macro (displayed in Figure 1-40) has
been run, the model will have been created and compiled. In addition, the solution
file will also be created. As a result, in order to explore the model’s behavior, all
that is necessary is to open the Model Solution Manager Screen and click on the
Solve menu element and then choose 1951 as the initial solution period.
However, before doing that, look carefully at the macro shown in Figure 1-40.
Notice the line immediate before:
Define Mod SimexF
taking the form of the command:
YDf = 80
The lines between Define Mod SimexF and Save collectively specify the model’s
equations and will be executed by MODLER as a composite command. Here,
Save acts as an “end” command, to specify the end of the model’s definition. It is
followed by commands that cause the model to be compiled and its solution file to
be created. Notice that, because the YDf=80 command appears before the model is
defined, among the several individual commands that define the general environment in which the model’s creation, compilation and solution will occur, it will be
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acted upon individually by MODLER. But what exactly will happen? To consider this question, recall first the discussion in the Technical Note about the
Memory File, where this particular “file” was described as being created by
MODLER automatically whenever the program needs a place for temporary data
storage. This is just such an event.

Figure 1-40. SIMEXF Macro
The macro demands that the value 80 be put into a variable called YDf. In addition, prior to this, the frequency has been set to annual and the date range from
1950 to 2000. The command defining the value of YDf will therefore be interpreted to be the command that MODLER should create a variable called YDf over
this entire date range. Implicitly, it is in addition a command that MODLER
should create a Memory File to hold its values. Therefore, when the macro executes completely and reaches the point of creating the model’s solution file, as
shown in Figure 1-41, not only will MODLER retrieve values from the specified
data bank, it will also automatically retrieve the values on YDf from the Memory
File.
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Figure 1-41.

Loading the SimexF Solution File

Actually, an important operational issue is the way in which data series are retrieved by MODLER. In all cases, there is a specific search order. If a Memory
File has been opened, MODLER will by default always search the Memory File
first, and then the data banks, in the order in which they have been opened. The
first time a “match” occurs MODLER will retrieve that series’ observations, so
that if a data series with a given name is present both in the Memory File and in a
data bank, the Memory File series observations will be the ones retrieved. You
need always to bear in mind the effect of the search order convention in force on
the specific values that will be retrieved.
This point can be made both generally and specifically. For instance, occasionally, whether you consciously intend to or not, you may create or edit a variable
that already exists in a data bank, without at the same time taking the necessary
step to specify that these values should be stored in that data bank. In this case,
the automatic effect will ordinarily be to put these values in the Memory File, with
the result that these Memory File values may later be copied to any solution file
you make, instead of the data bank values. Because of this possibility, you always
need to pay attention to where variable values are retrieved from whenever you
create any solvfiles. This possibility also stands behind the general need to clear
the Memory File whenever a macro file is created that requires its context to be
defined unambiguously. Further details concerning the placement of modified
values of data bank variables can be found in the MODLER User Guide. It is also
possible, incidentally, to override the default search order in some cases. You
should file this warning in the back of your mind.
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Next, if you look back at Figure 1-39, you will see the icon on the Model Solution Manager screen that tells you that one or more spoolfiles have been created.
If you now display the one called MakeSolve.SPL you will see the contents of
Figure 1-41. Incidentally, as mentioned before, notice also that one of the implications of this spoolfile name is that it will be written (or overwritten) each time a
new solution file is made. The spoolfile displays the most recently created solution file creation results. If you wish to save a particular MakeSolve.SPL, you
must save it under another name. We are told by the spoolfile results shown in
Figure 1-41 not only where the values of each variable are retrieved from but also
that these values are retrieved, in each case, for the period from 1950 to 2000.
As mentioned earlier, to solve the model, simply bring up the Solution Execution Form and make sure to set the initial solution date as 1951, since MODLER
expects 1950 to be “history.” Once you have executed the solution, the Solution
Log will be displayed. It should look like the contents of Figure 1-42. Notice that
the number of iterations in each case is only 2, so that there was no need here to
re-set the maximum. However, it never hurts to set the maximum iterations
higher than necessary.

Figure 1-42. SIMEXF2 Solution Log
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It will also be useful for you to display the solution table obtained by clicking
on the View element of the Model Solution Manager Screen and then choosing
Standard Solution Table and All Variables. The particular portion of the table
shown in Figure 1-43 is displayed by scrolling through the table to its last page.
Notice that if we extract certain of the results for the “year” 2000, we discover
that:
Y* = 100
YD* = C* = 80
G = 20
As Godley and Lavoie describe (p. 82-83), notwithstanding that expectations are
persistently falsified and income is continually higher than the consumer expects,
because of the consequent wealth accumulation – which occurs because the consumer saves more out of fixed “expected” income – the net consumption effect is
nonetheless higher. The model therefore posits a compensation for the persistent
falsification of expectations about income, yielding in the end a result that appears
to “correct” for this falsification. The model here is a very simple model, but it is
still seemingly able to distinguish between the perceptions of economic actors and
their consequent “individual” behavioral characteristics and the fully-compensated
aggregate result, in a way that calls into question the idea that higher saving in all
circumstances necessarily results in lowered economic activity. The distinction is
evidently one between the short term and the long term.

Figure 1-43. Long Run Values
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Now consider again the SimSet facility described briefly earlier. As shown in
Figure 1-44, the mode choice has been made to Repeat the addition of values to
Gd in particular before changing any of its values in the solution file. In this example, the increase, ΔG, is assumed to occur in the first solution period, “1951”,
after which G remains constant for each “year” until 2000. Notice that this increase consists of a 25% increase in the first year, but no increase “year by year”
thereafter. As you specify this increase, once having chosen “Repeat” as a mode,
when you click on the value of Gd for 1951, your screen should look essentially
the same as shown in Figure 1-45. As shown, the small superimposed form will
initially display the base value as 20, with an End Date of 2000. You should click
on the Base Value textbox, change this value to 25, then press the OK button on
this form. The overall result will be that shown in Figure 1-44.

Figure 1-44. Increasing Government Expenditues by 5
Subsequently, when the solution is executed – as you will see from the solution
log – the largest number of iterations per period is now 4. The last page of the
Standard Solution Table showing all variables is displayed in figure 1-45.

Figure 1-45. Imposing the change in Government Expenditures
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Notice that the effect now is that that in the “year” 2000 (when the values are
rounded to whole numbers):
Y* = 125
YD* = C* = 100
G = 25
As is evident from Figure 1-46, these are rounded values. However, if you experiment by increasing the number of solution period observations – which will
require extending all the other exogenous variable values, as well as those for Gs –
the model solution is in the process of converging to these whole values. As Godley and Lavoie observe (p. 83), “this convergence is much slower than in the perfect foresight case...” Another finding is that “in an economy where agents systematically underestimate their incomes [as a basis for consumption expenditure
decisions], public debt would be larger than that of an economy where forecasts
are correct” (p. 83).

Figure 1-46. SIMEXF Solution

Stability Analysis
An aspect of these models that is open for your further consideration is the stability of the system. There are three parameter values, α1, α2, and theta. The
values of these parameters can be changed, which will affect the behavior of the
system. You should be careful when you do this, for it is possible to choose values that lead to alarming behavior – these parameters, after all, appear in any expression of the Keynesian multiplier. However, if you choose values that are rea-
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sonable, you will find that the system can usually be solved. Bear in mind also the
relative magnitudes of each of the other model variables. Godley and Lavoie consider some of the relevant issues (pp. 86-88).

Policy Analysis
It has been said repeatedly that the models that have been considered are obviously very simple. However, as Godley and Lavoie argue, they are sufficiently
robust in their implications that they imply certain conclusions that will be implied
also by the more sophisticated models to be considered in later chapters. The inference that Godley and Lavoie make is that “Given the level of [economic] activity, the quantity of private wealth and the rate at which it accumulates are determined entirely by the propensities of the private sector, which the government
cannot change. But this is to imply (again given the level of activity) that government deficits and debts (being identically equal to, respectively, private saving
and wealth) are endogenous variables which cannot be controlled by governments.
This conclusion totally contradicts many influential, or even statutory, proposals
regarding the regulation of fiscal policy which are made in abstraction from any
consideration of how economies actually work – for instance the European Maastricht rules, Gordon Brown’s Golden Rule in the United Kingdom and, most important, the view widely held by ignorant politicians and members of the public
that government budgets should be balanced” (p. 97). They also suggest the existence of a trade-off between growing government debt, in a growing economy,
and growth in private debt claims.
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The models considered in Chapter 1 incorporate money solely in terms of the
transactions motive. The model to be considered in this chapter begins to take
into account money as a financial asset, held for investment and precautionary
purposes. In this context, the quantity of money held will depend upon the rate of
interest that can be obtained on other assets, thus taking into account the Keynesian “precautionary” and “speculative” motives. Fundamentally, the several variants of the model to be considered can be seen to represent the existence of a portfolio choice between the holding of money and other financial assets. Godley and
Lavoie therefore characterize this new model as Model PC, for portfolio choice.
The institutional characteristics of this model include both the existence of government bills and interest payments. It also includes the phenomenon of a central
bank. Bills are short term, interest bearing government securities, which because
of their short term nature generally involve little risk of capital loss (or gains).
Wealth in this model consists of cash money and bills held by households. The
government debt, in turn, consists of the total value of the bills held in combination by households and the central bank. This bank, on the one hand, holds as assets government bills and, on the other, provides cash money to households as
bank liabilities. There is no distinction in this model between money as cash and
money held on deposit (by households) with the central bank. Generally, the central bank is an essentially neutral element, inasmuch as its net worth is zero, which
is enforced by the distribution of its profits to the government. The bank does
make profits, for its holding of bills yield interest whereas its liabilities (in the
form of cash money costlessly created) do not imply a cost to the bank. A further
important implication of these circumstances is that (net) government interest
payments are made only on the holdings of bills by households. The production
assumptions of the previous chapter are maintained: that is, households elastically
supply whatever labor services are demanded by firms and firms supply whatever
quantity of goods and services are demanded by households and the government.
Evidently, there is no foreign trade.

Housekeeping Details
In order to implement this model in its several versions, we will first need to
define a new project, which might be called Chap4, and then to specify that the
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relevant folder to use is C:\GLMODS\Models\4. In order to establish this project,
choose the Settings menu item from the MODLER opening screen and then Directories. Making these choices will cause the form shown in Figure 2-1 to appear. Click on the textbox labeled Project and then choose <Add New Project>.
You will be asked for a name for the new project and an obvious choice is Chap4.
Next you will be asked for the project directory to use. The obvious choice is
C:\GLMODS\Models\4, assuming that you adopted the standard nomenclature.
The net effect of these actions will be to point MODLER to the set of macros and
data banks associated with the several versions of the PCMods model that will be
considered in this chapter.
Creating this new project does not prevent further use of the files associated
with Chapter 3 of Monetary Economics. At any point you can go back to the Directories form and select Project Chap3. Then when you attempt to open data
banks, run macros, and attach models and their solution files all these will again
relate to the discussion in Chapter 3 of Monetary Economics. However, it is true
that we have mutually isolated the models, macros and data banks of the two projects, thus making it more difficult to work with the models of Chapter 3 as we
work with those of Chapter 4. But of course the essential point in having set up
distinct projects is in order not to confuse the models, macros and data banks with
each other as we work with them.

Figure 2-1. Directory Settings Form
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Perfect Foresight
The base version of Model PC assumes perfect foresight, which is to say that
households correctly expect the income they receive and that firms produce and
sell precisely the quantities demanded. The three equations to consider first:
Y=C+G
YD = Y- T + r-1 Bh-1
T = θ (Y+ r-1 Bh-1)
are respectively the national income identity, a definition of disposable income
(YD) and the tax yield (T). Notice that tax payments include those on a portion of
the interest payments by the government on its bills.
In turn, the household sector is represented by its consumption expenditure decisions and its accumulated wealth:
C = α1 YD + α2 V-1
V = V-1 + (YD – C)
where V constitutes net wealth. A third equation specifies that cash money holdings by households consist of wealth that is not held in the form of bills, specifically:
Hh = V - Bh
However, this particular formulation then raises the question, how do households determine their bill holdings? Godley and Lavoie choose to adopt a variation on formulae that originate in the work of Brainard and Tobin[4] and
Tobin[37] :
Hh/V = (1- λ0) – λ1r + λ2 (YD/V)
Bh/V = λ0 + λ1 r - λ2 (YD/V)
Which together imply that, in a two asset world, once having chosen to hold a certain proportion of their wealth, λ0, in bills, consumers then hold 1- λ0 in money.
These bill holdings are affected both by the interest rate and by the level of disposable income relative to wealth. Furthermore, the bill holdings are positively
related to the interest rate and negatively to disposable income. It is also the case
that:
(1-λ0) + λ0 = 1
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In addition, notice that the cash and bill holdings equations are each the logical
implication of the other. Therefore, only one will appear in the model, in particular that explaining bill holdings. The choice has been made, as indicated earlier,
to model cash holdings as the residual.
An additional set of equations relate to the government sector and the central
bank:
Bs – Bs-1 = (G + r-1 Bs-1) – (T - + r-1 Bcb-1 )
Hs – Hs-1 = Δ Bcb
Bcb = Bs – Bh
r = rf
The first of these, the government budget constraint, portrays the government
deficit as financed by new issues of bills, net of renewals. Government expenses
include both goods and services expenditures, G, and the cost of debt servicing.
Government revenues take the form of taxes, T, and the “profit” of the central
bank. The second equation equates the changes in the money holdings of the consumer with the demand for bills by the central bank. The final two equations express that the central bank acts as a residual purchaser of bills, purchasing those
bills that the consumer is unwilling to hold at the given interest rate, r, which rate
itself is an exogenous policy variable.
In addition, there is the now-familiar hidden equation:
Hs = Hd
that defines an equality between the cash money supplied by the central bank and
the amount of such money that households are willing to hold. As before, this
equation does not appear in the model, but it is identically satisfied by virtue of the
accounting rules established by the other model identities.
The model’s performance characteristics are determined both by the values assigned to the behavioral parameters and the values of the government’s fiscal and
monetary policy instruments. The fiscal policy instruments include government
expenditures and the tax rate. The monetary policy instrument is the interest rate.
As Godley and Lavoie point out (pp. 106-107), the model embodies the idea that
the central bank stands ready to provide whatever cash money the consumer demands, reflecting household portfolio choices between holding bills and money.
At the same time, as indicated, the bank functions as the residual purchaser of
bills. The MODLER macro that will define this model, compile it, and generate
a solution file is shown in Figure 2-2.
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Figure 2-1.

PCMod Macro

One aspect of this macro that should be recognized is that all the model’s equations are normalized. That is, to the left of the equals sign there is a single variable, unlike several of the equations shown earlier.
This normalization is
achieved simply by moving other terms to the right-hand-side according to normal
mathematical conventions. Notice also that the time horizon for the model, established when the solution file is generated, is essentially 100 time periods (19502050). Once this macro has been run, the model is ready to solve, but remember
to start the solution in 1951.

A Potential Problem
Generally, you should not encounter any problems solving the model as defined
above. However, if you discover that you wish to modify the various parameter
values, then you may need to take into account the characteristics of the particular
asset demand function used. As has been pointed out by Charles Melville [22, p.
6ff], because of the linear nature of the function used, it is not difficult to find values that will cause the share of bills to exceed 1. For instance, suppose that λ0 =
0.635, λ1 = 5.0, and λ2 = 0.01. If the rate of interest is set at 8% and the ratio of
income to wealth is 1, then the share of bills can easily be computed to be 1.025,
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well outside the range of reasonable values. The implication is that the model as
given will only work reasonably for a limited range of parameter values. In contrast, as Melville suggests, if the given asset value function is instead replaced by:
Bh/V =

pmax
- λ2 (YD/V)
1 + (( pmax / λ 0 )e − kr

where k =28 and pmax = 0.95, this logistic function formulation will both be nearly
tangential to the original linear formuation for low rates of interest and will asymptotically approach the p max limit to the share of bills. The value k = 28
achieves the tangency and the pmax limit sets the maximum share of bills at 95%.
The effect of this alternative formulation is essentially to introduce a plausible diminishing marginal utility of bills as interest rates become progressively higher.

Modeling Expectations
As was also done in Chapter 1, the consumption function shown earlier can be
modified by replacing realized income by expected income:
C = α1 YDe + α2 V-1
However, in this case the consumer’s portfolio equations should also be modified,
inasmuch as consumption decisions will affect wealth holdings behavior over
time:
Ve = V-1 + (YDe – C)
Hd = Ve – Bd
Bd/Ve = λ0 + λ1 r - λ2 (YDe/Ve)
where Ve is expected end-of-period wealth. Godley and Lavoie argue that there
is a fundamental distinction between consumption and portfolio decisions. Consumption expenditures are irreversible; once made they cannot be changed. In
contrast, portfolio decisions are tentative, inasmuch as the desired proportions
need not become actual. One issue that must be dealt with is beginning period asset demands versus end-of-period asset holdings. The letter d in the variable
names above distinguishes beginning period demands from the end-of-period
holdings, which is indicated by the letter h. Godley and Lavoie stress (p. 108)
that “money balances are the element of flexibility in a monetary system of production. Money balances are the buffer that absorbs unexpected flows of funds.”
For instance, should realized disposable income exceed expected in any given
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time period, the additional income will not be spent during that time, but will be
saved. The model implies that all of this unexpected saving will be held in the
form of additional cash money balances. Thus money balances buffer expectation
mistakes. This concept is enforced by an additional equation:
Bh = Bd
which states that end-of-period bill holdings are equal to beginning of period demand for bills by households.
The expectations model is now almost complete. It lacks only an equation that
defines how expectations are formed. One option is:
YDe = YD-1
Another possibility is:
YDe = YD (1 + Ra1)
where Ra1 is a random variate, normally distributed with a zero mean. The
PCEX model macro is displayed in Figure 2-3.
There are several aspects of the model shown in Figure 2-3 that should be noticed. First, observe that two equations are each immediately preceded by a " sign.
The operative effect of this sign is to turn that line of the macro into a quote, in effect thus removing it from the execution of the macro; this procedure is not the
only way to isolate a line, but it is effective. The reason these lines have been isolated is that the macro itself includes alternative forms of these equations. Simply
transposing the " sign restores the alternative equation, but if you do this, make
sure not to include two equations with the same left-hand-side variable. A consequence of excluding particular equations by this method is that when the macro is
run a particular spoolfile is created, Quotes.SPL, that can later be viewed; of
course, when viewing this file you will need to bear in mind that these are excluded equations, not those included in the model.
In addition, notice the command “freq=a” on the line immediately below “define mod PCEX.” This command sets the model frequency, as opposed to the earlier “set freq=a” command, which outside a model definition macro section more
globally establishes the observation frequency for the entire MODLER run (until
otherwise changed), but not within the model definition section.
Finally, notice also that the macro includes the definition of expected disposable income that incorporates the random variable Ra1. This variable is already
in the data bank used, so that its values are given once the macro has been run.
Using the command Plot Ra1 – or clicking on the View menu element on the
MODLER opening screen, then selecting Plot and providing the variable name
Ra1 – you can generate the plot shown in Figure 2-4. More generally, MODLER
includes a function that will allow you to generate such random variables, should
you later wish to consider alternatives.
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Figure 2-1. PCEX Expectations Model

Figure 2-2. Plot of Normal Random Variable Ra1
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Steady State Model Solutions
Perfect Foresight Model
If you run the PCMod macro and then solve the model for the period 1951 to
2000, you will see that the model solution requires only two iterations per period
in order to solve. The end period values are shown in Figure 2-5. Notice that in
the case of this model, by the “year” 2000, rounding the numbers to whole numbers:
Y* = 106
YD* = C* = 86
G = 20

Figure 2-1. Baseline Solution of PCMod Perfect Foresight Model
We can in addition consider such changes as increasing the interest rate by 100
basis points in 1951 and keeping it there for the whole of this solution period.
From the Model Solution Manger screen, choose the menu item Assumptions and
then Exogenous Variables (Interactive), which will display the SimSet screen, as
shown in Figure 2-6. Change the mode to repeat and click on the 1951 observation for r, in order to replicate the screen in Figure 2-6.
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Figure 2-2.

Using SimSet to Change the Interest Rate

Once the interest rate change is made, click on the Simset OK button in order
to return control to the Model Solution Manager screen, where it then will be possible then to click on the Solve menu element, and via the Execute Solution form
solve the model. The Solution Log will be shown at this point and you will see
that there are a few initial periods during which the number of iterations per period
rises to a peak of 16, but then almost immediately settles down to a steady 2 iterations per period for the remaining solution periods.
Arguably, this perfect foresight version is not as potentially interesting as the
expectations version, but solving it under alternative assumptions does provide an
opportunity to become more familiar with the operation of the software and operating the model also gives us a chance to see just how the differences in the equation specifications affect the results. We will next solve the expectations version
in the same way.
However, before turning attention to the comparative solution results, notice in
particular that the small form used to repeat a value from some “base” to a later
period is not fixed on the SimSet screen, but rather can be placed wherever you
wish in order to give you the best view of the relevant portion of the SimSet display. In the case of Figure 2-6, it has been moved from its original location, generally in the upper left-hand-corner of the SimSet display, in order to make the interest rate changes easier to see. In fact, if the SimSet display does not take up
your entire screen in a particular instance, this form can be moved away from this
display.
Once having made the assumption changes, the alternative solution results that
are generated for the “year” 2000 are shown on the facing page. Contrary to conventional economic wisdom, they obviously imply that an increase in the interest
rate results in higher consumption and higher disposable income, reflecting in particular that higher interest rates induce households to increase the proportion of
wealth held in the form of interest-bearing bills, which then generates more consumption out of income and wealth jointly.
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Figure 2-3. Alternative Solution of PCM Perfect Foresight Model

Incorporating Expectations
The expectations version PCEX has two alternative formulations of expected
disposable income, depending upon the way that expectations are modeled. Recall that the macro displayed in Figure 2-3 uses the " sign as a first character to select between competive forms of YDe. This macro also includes competitive
forms of the consumption function itself. Using MODLER’s internal text editor,
if you wish you should find it easy to create four different expectations models
starting with PCEX. They can each then be solved in order to discover how the
specific specification differences individually affect the model’s performance.
The general result just obtained using the perfect foresight version, namely that
an increase in the interest rate leads to increased consumption and disposable income, is also obtained using the expectations version, where it is postulated that:
YDe = YD (1+ Ra1)
This specification has the property that expected disposable income varies randomly about realized disposable income. The mean value of Ra1 is zero by construction, so that this formulation essentially presupposes that the consumer is able
“on average” to predict his or her income reasonably accurately – that is, there is
no systematic difference between YDe and YD, but the actual value of YD in any
given period is known only with a degree of error. In a context in which YD is
monotonically increasing over the solution horizon (1951-2000), the consumer
does not “chase the past” as would be the case if:
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YDe = YD-1
We now can consider the alternative solutions of PCEX, based upon different
values of the interest rate, r. In the first case:
r = 0.025
and in the second:
r = 0.035
Thus, as before, there is a 100 basis points difference between these.
The values for the “year” 2000 for the PCEX baseline solution is shown in Figure 2-8, assuming an interest rate of 2.5%.

Figure 2-4. PCEX Baseline Solution with 2.5% Interest Rate
The values for “2000” for the alternative solution, based upon a 3.5% interest
rate, is correspondingly shown in Figure 2-9.
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Figure 2-5. PCEX Alternative Solution with 3.5% Interest Rate
It is an important characteristic of the models so far considered that all production (and employment) decisions are enabling. Production and employment are
assumed to respond to demand. Furthermore, the only price that we have so far
met is the interest rate (the price of money). As is obvious, the models essentially
explore consumption decisions and money holdings under an implicit ceteris paribus assumption. The reason to mention these considerations is that the Portfolio
Choice models, particular PCEX, have several behavioral characteristics that
would be expected. Among these are that a permanent increase in the level of
government expenditures leads to an increase in the stationary level of income, as
does also a permanent decrease in the tax rate, θ. However, so does either an increase in the rate of interest, r, or an increase in the average rate of interest payable
on the overall amount of government liabilities. The logic that stands behind this
last result is that higher rates of interest (on government debt) lead to an increase
in the debt payments to the household sector, and hence to greater consumption
expenditures. Simultaneously, households are also induced to hold more interestpaying government debt. After some experimentation, Godley and Lavoie conclude (p. 114) that “in contrast to what most students of principles of economics
are taught, that higher interest rates generate more economic activity, not less,
unless high interest rates have a detrimental impact on some components of aggregate demand.”
We now have enough in the way of software tool-using knowledge that with
the aid of PCEX, we can explore these ideas. Notice that an additional aspect of
this model is that, with all holders of the public debt being domestic, the full effect
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of higher interest rates in this model is to provide the households with additional
income. As Godley and Lavoie mention (p. 116), there are examples such as Italy
in the 1980s, where a positive impact of higher interest rates on economic activity
has been experienced: “because its debt to GDP ratio exceeded 100% while the
entire debt was being held by Italians. As a result, an increase in interest rates led
to Italians being flooded with additional interest revenues arising from their government’s efforts to service the public debt.”
Using Simset – as demonstrated in Figure 2.6 – it is simple enough to change
the rate of interest during the solution period 1951 to 2000, as done earlier. However, in the stationary state, with no additional accumulation of wealth, wealth and
disposable income are in a constant ratio, α3 , given by (p. 115):
V* = α
3
YD *

where α3 = (1 – α1)/ α2 . Each of the parameters α1 and α2 appear in the consumption function and are therefore potentially easily changeable during a model
solution. Of course, these parameters are respectively the propensities to consume out of current income and current wealth, and the smaller their values, the
larger the value of α3. Experimentation, considering small changes in these parameters, can demonstrate that there is a short run positive effect from increased
consumption, but a long run convergence to a value of Y that is lower than in the
stationary state in the original period 1950. Greater thrift implies a higher household wealth target, and thus ultimately larger interest payments on the household
held government debt once the steady-state is achieved – conversely, the higher
the propensity to consume, the lower the household wealth target.
Figure 2-10 can be generated by setting α1 equal to 0.62 from 1951 to 2000;
the values of α1 are set using SimSet, setting the mode to Repeat. Then solve the
model, by clicking on the Solve menu element of the Model Solution Manager
screen. It is a good idea in this case to set the maximum iterations to 200, for this
change is relatively significant, and a smaller setting of the maximum iterations
can result in the model being unable to solve at that setting. Once the model has
solved, click on the View menu element on the same screen and choose Individual Variable Plots. Enter Y in the white textbox of the form that appears and
then press its OK button:
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the result is the plot shown in Figure 2-10. As this plot demonstrates, changes of a
magnitude of 0.02 in the propensity to consume out of income during a short period of time, between 1950 and 1951, can have rather dramatic short-term effect,
so that it is necessary to be careful when changing the values of such propensity
parameters.

Figure 2-6. Higher Propensity to Consume out of income

Modeling the Propensity to Save’s Interest Sensitivity
Figure 2-11 displays the generating macro for model PCEX2. This model is
discussed in Monetary Economics, pp. 122-124. Instead of assuming α1 to be a
constant, as before, it is possible to consider:
α1 = α10 - ι r-1
where α10 and ι are constant parameters and r-1 is the lagged interest rate. Because α1 depends inversely on the interest rate, the effect of an increased interest
rate will be to lower α1, and hence raise α3 where now:
α3 = (1 − α 1 − ι r− 1 )

α2
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Figure 2-1. The PCEX2 Macro
Notice, when reviewing this PCEX2 macro, that the model includes YDe defined as:
YDe = YD-1
Furthermore, as before, the quotes sign (“) is used to omit the equations that are
not included in this version of the model. As you can confirm by solving this
model, among the effects of this model’s specification is that the higher interest
rate creates certain short term effects, in terms of a government deficit, because of
a decline in government revenue and the need to service the debt at a higher interest rate cost. Equally interesting, in the long term, the rising government revenues
lead finally to a shrinking deficit, because of greater household wealth, but at the
same time higher government debt.
Godley and Lavoie also discuss (p. 124) the relevance of the question whether
the government is able to counteract the effect on the government debt, pointing
out the historical experience of the 1970s and 1980s, when governments attempted
to offset the effect of the (mostly psychological) oil supply shocks by pursuing
stimulative economic policies that tended to raise public debt levels. The long
term issue they see (p. 135) as being not so much a matter of governments attempting to respond directly to the rise in α3, but rather a reduction in the stationary government debt to GDP ratio because of increases in tax rates (affecting the
average rate parameter, θ) and a reduction in the rate of interest on short maturity
debt, specifically bills. However, such a policy also acts against sustaining full
employment.
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Exogenous Money
The post-Keynesian stance that Godley and Lavoie take is fundamentally based
upon a belief that the money supply is endogenous. However, the model formulation shown in Figure 2-12 as PCNEO.MAC introduces an exogenous money
stock.

Figure 2-1.

PCNEO Model Macro

The equation:
ΔHs = ΔBcb
combined with:
Bcb = BcbF
essentially implies an exogenous cash money supply, since together these equations imply:
HsF = BcbF
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where F has been used, instead of an overbar, to imply a fixed value. The implication is that the household demand for bills is forced to adjust to the government
supply of bills, net of central bank requirements. The further equation:
Bh = Bs - Bcb
completes this idea.
However, these qualifications must be combined with an interest rate policy
that acts to clear the market for bills. PCNEO can be solved in order to explore
the various implications, although Godley and Lavoie argue (p. 130) that as expectations and “additional realistic features” are also introduced, the effect will be to
yield a high level of interest rate volatility.
The macro shown in Figure 2-12, it should be noted, includes a MODLER feature that we have not met before. Notice the four lines of code near the end of the
macro that begin with:
edit PCNEO
and which end with a save command. The earlier definition of the model includes
an equation, number 11, that is not normalized on the correct variable, namely the
interest rate, r. In particular, notice that in the absence of this renormalization,
there would be two equations in the model (equations 11 and 14) with the same
variable name to the left of the equals sign. As a second step, therefore the model
once defined must be edited, in the process changing equation 11 so that it “explains” the interest rate, r. It is a MODLER convention to display equations always in the form they have been entered, even when renormalized, in order for it
to be possible to determine later the original specification. However, behind-thescenes, what has occurred during renormalization is that MODLER has, in effect,
restated this equation so that when the model is compiled it takes the operative
form:
r = Bh/V - lam0 + lam2 * YD/V
lam1
Once this has been done, as Figure 2-13 shows, this equation is renormalized. The
specific normalization is indicated in this figure by the fact that, although equation
11 is still stated in the form originally specified in the PCNEO.MAC file, the label:
Equation Number 11: r
Now clearly indicates (albeit subtly) that it is intended to explain the variable r.
This renormalization is analytic and unique, so that it can be derived. Alternatively, you could derive it first and then change the macro so that the renormalized
equation itself appears. Using the quotes sign, you can of course include both
forms in the macro.
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Figure 2-2. List of PCNEO Equations After Normalization
However, as you can verify, simply solving the model, having once executed
the macro, will yield a rather neutral solution that essentially continues the steady
state. What instead needs to be done first is to enforce a reduction in the supply
of bills, using SimSet. One possibility, as shown in Figure 2-14 is to reduce the
supply of bills by 2 during the whole of the period from 51 to 2000.
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Figure 2-3. Reduction in the supply of bills
If the model is then solved and a plot of r is produced, the result is illustrated by
the display in Figure 2-15. In this case, the obvious effect is to raise the rate to a
level considerably above the original values.

Figure 2-4. Effect on Interest Rate of Decrease in Bill Supply
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Chapter 3 Long-term Bonds, Capital Gains and
Liquidity Preference

The models considered in this chapter, which corresponds to Chapter 5 of
Monetary Economics, will be designated as Liquidity Preference models, and generally will each be given a name that begins with the letters LP. Liquidity preference, an idea closely associated with Keynes’ General Theory of Employment, Interest and Money, refers to the question why households and other economic
agents might prefer to hold more or less cash in preference to holding instead negotiable interest bearing assets? Although it is common today for banks and other
financial intermediaries to pay nominal interest on checking and other similarly
liquid (near-cash) deposit accounts, at least initially this circumstance can be ignored in favor of the maintained assumption that cash money bears no interest, for
the important issue is not that one type of asset may bear interest and another not,
but rather the relative expected return of alternative assets. Generally, an additional characteristic of cash is not only the absence of interest on balances but also
that – in a world in which price inflation exists – cash is a depreciating asset.
Therefore, why should it be held in excess of an amount necessary to effect transactions or else possibly as a “rainy day” precaution? Furthermore, and in particular, are there circumstances in which cash-hoarding behavior is noticeably likely
to occur? Inasmuch as 2007-2008 has been significant as a time of financial crisis, related to the perceived value of mortgage-related and other securities, this
question is presently particularly pertinent.
However, the discussion in this chapter will still abstract from such real world
concerns as sub-prime mortgages and the like, for the focus will be restricted to a
narrow range of assets, variously interest-free and interest-bearing. The idea of a
portfolio of household assets that include both interest free and interest bearing assets was introduced in the last chapter, so that some aspects of portfolio choice
have already been considered. What is new and novel about the models to be encountered in this chapter is rather the introduction of the possibility of a capital
gain or loss – which was expressly ruled out in the last chapter. However, the
possibility of gain or loss does not arise in this context because the assets considered are inherently subject to any default risk, as might be the case whenever loans
are made to a private borrower, but rather because of the particular time-tomaturity dimension of certain types of loans. We will consider in this chapter
only those made by households to the government, loans that can be made in the
form of a purchase of a government issued bill or bond.
In particular, there are two important matters to be considered. One of these is
the characteristics of assets due to a difference in their maturities – months on the
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one hand and years on the other. The other is how the existence of such assets
might fundamentally affect the government’s management of the cyclical behavior
of an economy. Keynes’ General Theory, it should be recalled, is significant for
its publication in the middle of the 1930’s depression, as well as for its attempt to
describe both how the government might act to counter the onset of a recession or
a depression and what limitations might exist to the government’s ability to pursue
certain policies. During the more than seventy years since, economists have continued to argue about the efficacy of counter-cyclical government policy, even to
the point that some still favor an absolute minimum of counter-cyclical government intervention. On the other hand, the voting population appears to be rather
more convinced that the government can and should take action.
The discussion in this chapter continues to abstract from any consideration of
government policies or other particular circumstances that might affect employment specifically. Firms are still imagined to provide goods and services elastically and to employ whatever numbers of employees are needed to accomplish
this production at a given prevailing average wage. In turn, households are assumed to supply their services elastically to these firms, so much so that production exists only implicitly in the models in this chapter. The banking system itself
is still represented by an essentially fiduciarily-neutral central bank that provides
money to households, and implicitly firms, in the form of interest-free cash and
deposits, and that returns to the Treasury any profits it makes. The central bank is
also restricted in its asset holdings, choosing to hold as assets only treasury bills –
and specifically not bonds or other long-maturity assets. The only economic
agents who hold all forms of financial assets are households. These assumptions
are obviously restrictive, but they should be seen not as being constraining for the
sake of it but rather in order to focus attention on the essential elements of the
story. We are still in the process of groping step-by-step towards a realistic understanding.
As just indicated, the basic model considered in this chapter incorporates not
only money and bills as household assets, but also long term debt, in the form of
bonds. A bond as a financial instrument represents a promise by the issuer to pay
a certain stated amount of money on a regular (annual or more frequent) schedule
during its term, with the bond’s principal then to be repaid at a given, stated maturity date, possibly as many as 5, 10, 20, 30, or more years in the future. In addition, in the present context, neither a bond’s principal amount nor the regular interest payments made are considered to be subject to risk per se. Provided that the
bondholder is willing to wait until the bond matures, the principal is certain to be
returned. Similarly, interest payments are certain to be made on the date on which
they are due. Therefore there is no inherent transaction risk in the sense of any
degree of wonder on the part of prospective or actual asset holders that a default
might occur. The assets, in this sense, are risk free.
However, bond holding in particular nevertheless inherently involves a type of
risk that is in fact a liquidity risk. A bond (but also a bill) cannot be used as medium of exchange, nor in the present context can it serve as collateral against a
loan. To be used in a transaction for goods or services, or any other asset, it must
first be converted into cash, the only medium of exchange. It is this conversion
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process that involves risk to the bondholder. Furthermore, because the periodic
interest payments of bonds are stated as given amounts of money (say $50 per
year for a bond that has an issue price – or face value – of $1000), the bond interest rate is actually implicit. That is, if you were to pay $1000 for the bond in order
to receive $50 per year in “coupon” interest, the bond’s implicit interest rate will
obviously be 5%. But notice that once the bond is issued, it becomes an asset of
the holder and is generally also negotiable, thus permitting it to be sold to someone else – but only at whatever price that party is willing to pay, given the conditions of the secondary bond market.
If the bond is held to maturity and then redeemed by the issuer, the holder will
putatively receive in return the original issue price of the bond, but if it is sold to a
third party in the meantime, that sale price will depend on the market price for
bonds of an equivalent maturity and coupon value at that point in time. If at that
time, equivalent bonds have a face value of $1000 and a stated “coupon” of $100,
then the implied interest rate on these new bonds is 10%. An old, equivalent
bond that pays $50 per year will then sell for $500, inasmuch as two $500 bonds
each yielding $50 per year will together pay $100 in the form of interest income.
Inasmuch as bonds are valued for their income flow, normally there would be no
reason – at least under the presently assumed conditions – for a new purchaser to
pay more for an existing bond than he or she might receive by purchasing an
equivalent new bond. In order to understand the implications of the existence of
bonds, it is clearly important to understand at least this much about their institutional characteristics.
Generally, it is unusual that a bond bought today will have a coupon rate next
year that is half that received on an equivalent bond, but this can happen. Obviously, the direct implication of this event is a 50% loss in the asset value of the
bond. Of course, the risk is not unidirectional. That is, if the coupon on an
equivalent bond were to fall to $25 per year during this time, the asset value of the
old bond will then rise to $2000. The frequent use of the word “equivalent” here
reflects that bonds in the real world can involve a variety of additional complexities. For instance, as a general matter, a particular issuer might be regarded as being more or less likely to redeem the bond, as well as to make the periodic interest
payments. This uncertainty will affect both its market price, relative to other
bonds, and the coupon interest the issuer must pay. Other possible conditions associated with bonds include that the issuer may retain the right to redeem the bond
before the stated maturity date. Inasmuch as a bond sold with this provision is
most likely to be redeemed when coupon values are otherwise low – rather than
high – the owner of such a bond faces the possibility that he or she will receive
back the face value of the bond in cash at a point in time that it would be difficult
or impossible to find an alternative investment at the same coupon interest rate as
originally. In general, bonds are rather complex financial instruments, so that it is
helpful to try to rule out as much of this variety as possible in order to focus on
their most essential nature.
In order to avoid the need to consider the various associated complexities of
bonds as financial instruments, Godley and Lavoie cast their discussion in terms
of a particular type of British government bond, known as a Consol (taking its
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name from consolidated annuity), first issued in the eighteenth century, which had
no maturity date, although it could be redeemed by its issuer. Originally these
bonds had an implied coupon rate of 3.5%; they still exist today, at a coupon rate
of 2.5%, but at this implied rate they offer little incentive for the government to
redeem them. The analytic attraction of the Consol is that, as a perpetual security,
it has an implied coupon rate that can be stated as a simple reciprocal, as Godley
and Lavoie discuss (p. 131-133), a mathematical property of a convergent infinite
sum.
Evidently, bonds, including Consols, involve a two-component financial return
to the holder: regular interest income and a possible capital gain (or loss). Each
of these components generally involves a time-related risk, even in the absence of
any issuer-related risk. Furthermore, it is possible to consider the overall rate of
return, in the form of a yield to maturity or the period-to-period rate of return. In
the case of a Consol, the period-to-period rate of return consists of the interest income per period, represented by the yield from last period, rbL-1, plus the change
in capital value between that period and the current one. This overall ex post rate
of return can therefore be stated as:
RrbL = rbL-1 +

ΔPbL
PbL−1

As Godley and Lavoie point out, this period rate of return can only be known at
the end of the current period, once the current price of bonds is known, which explains the use of the term “ex post” earlier. It is usual to distinguish as well between the realized capital gain (or loss) when a bond is sold versus the (“paper”)
gain or loss that otherwise accrues. Holders and prospective holders of bonds
will consider them in terms of three aspects in particular: the price in the current
period (which will affect the next period yield), the expected next period price (in
case the holder wishes to sell), and the risk, which can be described as “the confidence with which households hold their expectations about future bond prices.”
The pure expected rate of return on bonds purchased today (PERrbL) can be stated
(p. 133) as:
PERrbL = rbL + PbLe − PbL
PbL
where pbL is today’s price, pbLe is the price expected (today) to prevail at the end
of next period, and rbL the current period yield. Taking into account the probability of the expectations being realized, as assessed by households, the expected rate
of return (ErrbL) can then be stated as:
ERrbL = rbL + χ PbLe − PbL
PbL
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Notice that if pbLe = pbL, then ErrbL = rbL. As Godley and Lavoie point out,
the interpretation of the precise meaning of χ (chi) might be considered to be a
measure of the proportion of economic agents who believe that the price will tend
to pbLe – versus the proportion (1 - χ) who now believe that prices will remain
constant at pbL.
With these ideas in mind, it is important to appreciate how expectations will
govern the behavior of economic agents in a world of capital gains and losses. An
equally important consideration in the present analysis is who participates. It is
assumed that households (or more generally the private sector) will hold wealth in
the form of some combination of cash, bills, and bonds. In contrast, following
from the earlier discussion, the government sector (and in particular the central
bank) is assumed not to hold bonds, notwithstanding that these are (here) exclusively liabilities of the government sector. As Godley and Lavoie point out, this
particular assumption is a potentially important simplification, for in the real
world central banks commonly do hold bonds. In fact, recently, the US Federal
Reserve has been willing, unusually, to hold privately issued bonds as collateral
for loans it makes to private banks, both investment and retail.

The Equations of The Liquidity Preference Model
An economic policy issue that was an important Keynesian consideration at the
publication of his General Theory in 1936 was not only the idea that the government might have a role to play in managing the cyclical behavior of an economy –
as opposed to the so-called classical view, which presumed no such role, or at best
a rather minimal, essentially secular role – but also whether that role involves the
use of both fiscal and monetary policies and the potential of limits to the efficacies
of these policies. In the case of monetary policy specifically, the possibility of
capital gains and losses on bond holdings loomed large, for – as should be clear
from the earlier discussion in this chapter – implicit in that discussion are two important aspects to the holding of bonds. The first is the degree to which capital
gains and losses are possible and the second is the likelihood of the expectations
associated with these gains and losses. It is evident from that discussion that a
change in the implied bond coupon rate from 5% to 10% will result in a rather
dramatic change in the asset price of bond holdings. In the case of Consols, this is
easily quantified, but even in the case of other types of bonds, although less easily
quantified, the gains and losses can be just as dramatic. However, the issue is not
per se a matter of 5% versus 10%, for if the coupon rate on a bond is 1%, a change
in this rate to 2% will yield a similar change in the asset price of the bond. For
that matter, so will a change from 0.25% to 0.5%. The potential for a dramatic
change in the asset price of bonds from one period to the next is not so much a
consequence of the absolute coupon rate change as the proportionate change.
It is obvious that the lower the absolute interest rate, the smaller absolute
changes need to be in order to have a large proportionate effect. However, it
should also be borne in mind that (nominal) interest rates have the characteristic
that they are non-negative – lenders do not pay borrowers for the privilege of lend-

102

Chapter 3 Long-term Bonds, Capital Gains and Liquidity Preference

ing – which creates a significant asymmetry. Furthermore, the closer the interest
rate approaches zero, the less likely it becomes (in a commonsense way) that the
interest rate will become significantly lower. For instance, should the interest rate
be 0.25%, the probability of a 25 basis point decrease (to 0.0%) evidently becomes
small, if not zero, whereas the probability of a 25 basis point increase (to 0.5%) is
likely to be much larger. In short, the more the government attempts to push interest rates lower, via its monetary policies, the more difficult it progressively becomes to push them yet lower. Moreover, simultaneously, as interest rates decrease, the danger of a foregone capital gain associated with holding wealth in the
form of cash also becomes progressively less. Cash holdings (with certain qualifications) do not pay interest – and may involve the risk of loss because of price
inflation – but at sufficiently low interest rates, cash becomes progressively more
and more attractive relative to bonds. The notion of Liquidity Preference is
bound up with the circumstances in which the liquidity of cash becomes so attractive that government monetary policy, intentionally acting so as to reduce interest
rates further, becomes ineffective. Indeed, at a point, government monetary policy
can fall into a “liquidity trap,” with the result being that the only effective government counter-cyclical policies that remain are its fiscal policies. Moreover,
even in the absence of an actual liquidity trap, to the degree that economic agents
become more fearful of the future, monetary policy – which to a significant degree
always depends on the willingness of the private sector to borrow and lend – becomes less effective. Both the Japanese experience of the past ten to twenty years
and the more recent financial crisis associated with sub-prime mortgages offer testimony to the importance of this idea.
A somewhat more elaborate argument can also be made, following Godley and
Lavoie (pp. 167-168), that recognizes explicitly that for many purchasers a primary attraction of bonds is the regular interest income produced over possibly extended periods of time, rather than any expectation of a capital gain. The household bond purchaser can be presumed to hold his or her wealth in bonds
specifically for the purpose of obtaining this income and it is the benefit of a dependable long-term interest income stream that may be paramount in the particular
choice made – rather than the possibility of a significant capital gain by successfully “playing the market” as it gyrates. Therefore, the lure of a fixed-income,
long maturity asset is necessarily offset to the degree that the purchaser also considers that some or all this interest income is at risk, which it may be to the degree
that, for any reason, this person suddenly needs to convert the bond to cash prior
to its maturity. We have previously considered the possibility of a substantial
capital loss in some (arguably rare) circumstances, but it should also be borne in
mind that even when bond interest rates are higher, relatively small changes in the
capital value of bonds can have a seriously negative effect on the bond’s income
yield, should it not be held to maturity. It can be shown easily (p. 168) – at least
in the case of a Consol – that the degree of expected change in the bond interest
rate that will have the effect of wiping out the entire interest income derived from
a bond is roughly equal to the square of the present long term interest rate. The
potential for a flight from bond holding is particularly great the closer the bond
market rate is to zero, but even in the case of higher market rates the risk involved
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is not insignificant notwithstanding that there may be – in the case of government
securities – virtually no (original issuer) default risk involved.
Of course, this discussion has so far left to the side any consideration as to why
the government monetary authority might wish to lower interest rates. We have
considered here only the effects on actual and potential asset holders, not those
upon economic agents in other roles who may wish to be borrowers –for instance,
in order to finance such things as the purchase of new homes, plant and equipment, and inventories. Or upon economic agents who may wish to purchase foreign currencies, for changes in interest rates may also affect international currency
exchange rates. These other circumstances will finally need to be considered,
and when considered may affect the final conclusions we reach. For the moment,
our maintained assumption – obviously a very important one – is that the monetary policies pursued do not, by their effect on other economic activities, create
offsetting economic incentives. For clarity, this assumption is useful initially, but
you should of course keep in the back of your mind that at least some of the conclusions we may reach are really quite tentative and subject to subsequent qualification.
All this said, the equations of the basic LP model are shown in Figure 3.1.
Notice that, although the complexity of our macros is progressively increasing, the
basic pattern remains much the same as before. Considering this macro, the first
third of it consists of commands that either set operating circumstances (for example, uppercase off, or set freq=a, dates=50-2050) or re-initialize settings (close all,
clear mem) or that access a data bank or cause the program to compute particular
values that it stores in the (temporary) Memory File. A number of these are important parametric values, among which are those defined by various adding up
constraints that are implicit in the logic of the model (pp. 143-146). As before,
certain macro lines are dummied out using the " symbol. The model is then defined, saved and compiled. Finally, a new Solvfile (called LP1) is then created.
We will consider other details as we go along.
Certain of the model equations remain the same as for earlier models, the most
obvious example being:
Y=C+G
This equation conveys information both as a statement that the goods and services
that are demanded are elastically provided and, by omission, that we are still considering a world in which investment in construction, plant, equipment and inventories, to the degree it takes place, is simply assumed to occur (in a demand neutral way) as necessary, and in which exports and imports essentially balance. That
is, if Exports, X, equal Imports, M, then X-M=0. Hence, there is no obvious need
to include this net exports term explicitly in the equation.
However, in order to include bonds as a portfolio choice, other equations need
to be further elaborated, examples of which are those that define household disposable income and the government tax yield:
YDr = Y – T + rb-1 Bh-1 + BLh-1
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T = θ (Y + rb-1 Bh-1 + BLh-1)
Disposable income now includes both wage and other income that is taxed as
“regular” income and the two income items that state the interest received on bill
and the coupon interest on bond holdings. These last two appear with lags, since
they are taxed after they are received. YDr is thus identified as realized disposable income, thereby excluding any paper gains or losses that accrue.

Figure 3-1.

LP1 - Basic Liquidity Preference Model

Recall the earlier discussion of the interest yield from bonds. Notice also that the
capital gains associated with bonds are not taxed in this model. The wealth equations, in turn, are given by:
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V = V-1 + (Ydr-C)+ CG
CG = ΔpbL BLh-1
where CG is capital gains, and CG does not appear in the tax yield equation. No
explicit distinction is made here between realized and accrued (“paper”) capital
gains; it is, in fact, posited by Godley and Lavoie (p. 140) that all capital gains are
simply accrued. Among the effects of this assumption is that it removes any need
to consider how the capital gains might be apportioned ex post among households’
portfolio assets, as well as any need to model the complexities associated with the
timing of any bond sales.
Income, as a concept, can of course be defined in a number of different ways.
However, one of the possibilities is to consider it as the amount which, if spent,
leaves net wealth constant. This idea is allied to the Haig-Simons definition of
income that Godley and Lavoie consider when proposing the alternative definition:
YDhs = ΔV + C = YDr + CG
This definition incorporates both regular income flows and capital gains. It will
be considered in more detail later.
The consumption function that is used in the LP model is the one used earlier in
the expectations models:
C = α1 YDe + α2 V-1
and corresponds to the expected wealth equation:
Ve = V-1 + (YDe – C) + CGe
which specifies the wealth that households expect to obtain at the end of a given
period. Correspondingly, Hh and Hd specify respectively the asset holdings of
households at the end and (expected) at the beginning of a period:
Hh = V - Bh – pbL BLh
Hd = Ve - Bd – pbL BLd
The d of Hd should be read as equivalent to e, as in expected, in the sense of being
an ex ante quantity. Notice, as Godley and Lavoie point out (p. 143), that the implication of the negative Bh term is that expectations mistakes by households are
fully absorbed by changes in money balances, implying:
Bh = Bd

106

Chapter 3 Long-term Bonds, Capital Gains and Liquidity Preference

BLh = BLd
The change in the supply of bills:
Bs – Bs-1 = (G + rb-1 Bs-1 + BLs-1) – (T +rb-1 Bcb-1) – (BLs – Bls-1) pbL
defines the government budget constraint. The amount of newly issued bills is
equal to government expenditures, including interest payments, less government
revenues (which as before include both taxes and central bank profits) plus the
value of newly issued bonds. Government surpluses – or if the government deficit
is bond financed – imply a negative change in bills and thus their redemption:
Hs – Hs-1 = Bcb – Bcb-1
Bcb = Bs – Bh
BLs = BLh
The first of these last three equations specifies the central bank’s capital constraint, reflecting that the bank is assumed to purchase bills only. The bank purchases bills residually, depending on household demand. In addition, the government supplies whatever bonds households demand. Notice (as discussed page
150) that the implication is that the government will pursue a policy of setting
both long and short rates. Furthermore, the bill interest rate, rb, and the price of
bonds are each treated as fixed, at least initially. In the model solution of LP1,
these variables are consequently predetermined parameters.
Incidentally, you should pay attention to the discussion on pages 43-146 of
Monetary Economics concerning the “adding up” constraints. The fact that a particular set of parameters sum to one is often a statement, in effect, that these parameters represent proportions. Even when these proportions are not fixed numbers, it is nonetheless true that the fact that the whole is divided into proportions is
an important behavioral context and does affect how the model behaves. Similarly, the fact that certain parameters sum to zero can be equally significant as a
behavioral characteristic. The term “zero sum game” is now commonly used by
practically everyone, including those who do not realize fully that it refers to a
situation in which one person’s gain is another’s loss. To really understand why
the model behaves as it does, you need to appreciate the constraint equations of
the model just as much as the other equations.

Other Equations: Government Revenues and All That
It is obvious to most people that their behavior is limited by their income and
stored wealth. In a similar way, the government has a budget constraint with the
difference that the government is less constrained than the individual economic
agents: importantly, a government generally has the ability to increase (or de-
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crease) taxes, although the political situation may at times limit this taxing ability;
that a government might be overthrown because of the tax burden it imposes on
the private citizens is an historically demonstrable fact. Furthermore, in general,
the government can also raise revenues – at the cost of “borrowing from the future” – by selling securities, of both short and long term maturities. The effect of
selling these is that the government saddles itself (and more generally the economy) with the future need to service its debt by paying interest. In contrast, recall
that the government also prints and mints cash money, which except for the costs
of production (which are ignored here) represents an interest free “security” issued
by the government that has the particular characteristic that it becomes the medium of exchange, as well as (to a degree) a store of value for private economic
agents. Clearly, the more cash money the government can convince private agents
to hold, the less the need to issue interest bearing securities.
We will, for the most part, ignore this idea that cash money is to some degree a
substitute for issuing securities, and focus our attention on the revenue flows that
the government receives and which defines its budget constraint in terms of the
difference of its revenues and expenses. The government’s expenses consist of
purchases of newly produced goods and services (also a component of Gross Domestic Product) plus the interest that must be paid on the securities that the government issues. Government purchases include, incidentally, all the operating
costs of government, so that this statement of the government’s expenses is exhaustive, at least within the assumed context of our present model. The government’s revenues, in turn, include the tax payments it receives, the value of newly
issued bonds and the profits of the central bank. In some cases, government agencies additionally generate revenue by charging fees, although this possibility will
be ignored here. Notice also that even though the government is a special player
in the economy, it is still true that the government must pay its debts. The fact
that the total revenues raised (from all sources) need to cover the total of its outgo
this period is what fundamentally establishes the way the government’s budget
constraint appears in the model.
Notice that if the government always paid its expenses out of its tax revenues,
then any positive difference between its tax revenues and its expenses would constitute government savings, in exactly the same sense as in the case of the frugal
consumer. However, modern governments of industrial countries have tended to
profligacy and have historically issued securities, so that the government’s budget
constraint here takes the form:
Bs – Bs-1 = (G +rb-1 Bs-1+ BLs-1) – (T + rb-1 Bcb-1) - ΔBLs pbL
That is, to form this equation, we have collected terms in such a way that the
change in bills between this period and last (which is the value of the bills newly
issued or redeemed) is equal to the difference between government expenditures
and its revenues otherwise. Government savings does not appear in this equation,
but the fact that there is a potential government savings term lurking here (albeit
negative) is one of the reasons for certain of the conclusions that we will reach
about the steady state solution of the model. Bear in mind also that this constraint
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exists within the set of accounting relationships of the model, so that the net effect
of all these relationships together is what finally allows us to, in effect, finally
consider certain private sector versus public sector offsets. A mathematical proof
involves combining a series of assumptions, axioms, and other demonstrably true
statements, so as to lead to a specific conclusion. The GL models, if you accept
the premises, lead to inescapable final results in a very similar way.
In order to define the particular behavioral characters of the central bank, we
also need the following three equations;
Hs – Hs-1 = ΔBcb
Bcb = Bs – Bh
BLs = BLh
These respectively state that, each period, the change in the cash money holdings
of households is equal to the change in the central bank’s holdings of bills, that
these bill holdings are the residual of the bills issue less those purchased by
households (or, more generally, the private sector), and that the (long) bonds supplied equal to total purchases of these bonds.
The remaining model equations consist of:
ERrbL = rbL + χ PbLe − PbL
PbL

rbL = 1/pbL
CGe = χ (pbLe – pbL) BLh
YDre = Ydr-1
Recall that the second of these takes its particular form only because the long
bonds we are considering in this model are limited to Consols. The third equation
states the expected capital gains on bonds, based upon the acquired number of
bonds; if you are not entirely familiar with this type of expected returns equation,
you should consult an introductory mathematical statistics book that demonstrates
that the expected return is a weighted average of the possible returns, where the
weights (here χ) are the individual probabilities associated with each of these returns. Recall that Godley and Lavoie equate these probabilities with the proportionate amount of bonds purchased. Finally, expected realized disposable income
is assumed to be equal to the disposable income realized last period. Recall that
realized disposable income excludes capital gains, which are themselves assumed
to accrue, but never be realized.
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Now of course, as is evident from the CGe equation, the degree to which capital gains are expected to accrue will depend on what is assumed about bond price
expected. We might assume that:
pbLe = pblef
which is to say that expected bond prices are fixed. Alternatively, we might assume that the bond price expected is the current price.
pbLe = pbL
which essentially implies not that we assume perfect forsight, but rather that we
assume that households expect no change in price and, therefore, do not expect
any capital gains. Furthermore, they will be surprised if any occur. In this model,
the interest rate, rb, and the price of bonds, pbL, are both exogenous parameters
that are set prior to an attempted solution. Notice that setting the price of bonds
exogenously also sets the bond interest rate exogenously to the rest of the model.

Real Demand and Interest Rates
A point that Godley and Lavoie make (p. 149) is that this assumption that both
the short and long-term interest rates are exogenous is not the usual presumption.
Short rates (both in the form of bank rates at which a central bank stands ready to
lend to commercial banks and inter-bank short term rates, such as the Federal
Funds rate in the US) are generally accepted to be central bank determined, but
long rates are often market-determined. In effect, this state of affairs constitutes a
statement about the willingness of the central bank to intervene in the market.
Notice that if the government is willing (and able) to purchase (or sell) bonds at a
policy-determined price different than the market price, the effect will be to set the
interest rate on bonds exogenously. A possible mechanism (p 150) for setting
both the short and long rates is for the government (including the central bank) to
purchase, at a set rate, the bills not purchased by households while at the same
time supplying whatever amount of bonds as are demanded by the private sector.
To be considered later are the implications if the private sector is willing to trade
at the policy-set bond prices versus those if it independently forms its expectations
about future prices.
Now, let us consider the impact of a change in interest rates on real demand,
both in the short term and the long. We can do this by first solving the model for
the time period from 1951 to 2008 using the initial values loaded into the solution
file. All that is necessary is to execute the solution from the Model Solution
Manager screen, clicking on the main menu item Solve and then its element Execute Solution. Be sure to set the solution dates carefully, but nothing else need be
done, as the solution will require fewer than 25 maximum iterations per period.
The solution values for 2008 are shown in Figure 3-2. You can display this table
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by first clicking on the main menu item View and then Standard Solution Table
and All Variables successively.

Figure 3-1. Base Solution for Model LP1
In order to produce the alternative solution, in which the bill rate rises from 3%
to 4% and the bond rate from 5% to 6.66% (which is equivalent to a drop in the
bond price from $20 to $15), we then need to click on the main menu item Assumptions and then the drop down element Exogenous Variables (Interactive).
Figure 3-3 displays the result of first changing the short term interest rate and then
the bond price. As before, the “Repeat Base Value Until” form has been pushed
to the right side so that you can see the effects for 1951. Notice that the Repeat
option has here been set for the base period of 1951 through 2008.
All that is then necessary is to re-execute the solution. In this case also, although we need to be sure to set the first solution period to 1951 and the last period to 2008, we do not need to change the maximum number of iterations from 25
per period. As before, once the solution is made, you will be shown the Solution
Log, which displays the characteristics of the solution, including the number of iterations required each period. You will then need to press the OK button on this
form, in order to display either plots or the actual solution values. However, notice, under the View main menu item, the possible choice Solution Log element.
Making this choice will re-display this information, so that it still remains close at
hand for display.
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Figure 3-2. Changes Made in the bills interest rate and bond price
The end-of-solution values are shown in Figure 3-4.

Figure 3-3. Interest Rate Changes Made in 1951
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Even before the solution is made, it is obvious that the effect of raising the interest rates will be to increase the interest yield from both bills and bonds that are
purchased after this change is made. However, there is also a capital loss associated with the bonds purchased prior to these interest rate changes. Of course, the
precise effects will seemingly depend upon when the interest rate changes occur.
Notice that, alternatively, we could have raised the interest rates in a time period
later than 1951, at which time the bond holdings affected by the capital loss would
have increased, compared to 1951. This is, indeed the way the alternative solution was made by Godley and Lavoie, who suppose these changes to have been
made in 1961.

Figure 3-4. Interest Rate Changes Made in 1961

Before making this alternative solution, let us consider what we might expect.
In particular, we might expect the end period solution values in this case to fall between those shown in Figures 3-2 and 3-4. The end-of-solution values, based upon
interest rate changes made in 1961, are displayed in Figure 3-5, but the differences
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are rather minimal. We can also consider the plots shown in Monetary Economics
(pp. 152-153). Figure 3-6 shows the Wealth to Disposable Income plot. This
plot can be generated by clicking first on the View main menu item of the Model
Solution Manager screen, then upon Individual Variable Plots. You will be
shown a form entitled “Plot One or More Solution File Series.” You should then
enter into the text box of this form the expression V/YD, as the legend indicates.

Figure 3-5. Ratio of Wealth to Disposable Income
In order to make the plot of Disposable Income and Consumption, shown on
page 152 of Monetary Economics, the only operational difference is that you
should enter “YD,C” into the textbox of the form entitled “Plot One or More Solution Series.” When you press the OK button on this form, you should see the plot
shown in Figure 3-7.
In order to reproduce the plot of both the bonds and bills ratios to wealth –
shown on page 153 of Monetary Economics – enter “BLh*pbL/V,Bh/V” into the
textbox . Notice that operationally, what we have progressively done is, first, to
produce a plot that, behind the scenes, computes a ratio. Then, we generated a
plot with two single values separated by a comma. Finally, we produced a plot
involving two ratios separated by a comma. Notice that within each of the comma
delimited fields entered into this textbox, you can include virtually any expression
that can be written using MODLER’s mathematical syntax and vocabulary. More
could have been done; for instance, for presentation purposes, the variable names
and expressions could instead have been replaced with descriptive text, but as a
pedagogic example, it is more informative to leave the plots unedited. If you wish
to elaborate the plot, the Help menu choice on the plot form will provide all the
information you need.

114

Chapter 3 Long-term Bonds, Capital Gains and Liquidity Preference

Figure 3-6. Plot of Disposable Income and Consumption

Figure 3-7. Bonds to Wealth and Bills to Wealth Ratios
The basic model just considered is interesting for its capability to permit us to
analyze the implications of the set of circumstances that the model’s equations
embody. However, you may feel that this model has something of the deus ex
machina about it. The government controls the price and yield of bonds, as well
as the bill rate of interest. In effect, given the assumed behavioral propensities of
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households, the government is shown to be able to pursue policies that raise income and wealth – in fact policies that result in interest rates having a positive effect on both these variables. Almost the only aspect of this model that implies any
constraint on policy makers is the associated effect of a significant bond price
change; in this case, the Treasury must stand ready either to issue or redeem
bonds. Furthermore, it may be necessary to pursue these activities on a “massive”
scale, which may imply a limitation.
However, as Godley and Lavoie recognize, the need for the government to take
compensatory actions can also be impelled should the private sector independently
change its expectations about future bond prices – at least to the degree that government policy makers wish to set both the bill and bond interest rates. We can
analyze this situation by considering the ways in which households’ liquidity preferences and expectations can impact the economy. One possible characterization
of household bond price expectations is:
ΔpbLe = - βe(pbLe-1 – pbL) + add
where the “add” term is an exogenous shift parameter that normally takes the
value zero. This equation effectively says that the expected change in prices is a
proportion of the difference between last period’s expected price and the realized
price, ignoring the add term. It replaces model equation number 20.
In order to model the government’s behavior in this context, rather than to suppose that the Treasury sets a specific bond price, Godley and Lavoie propose to
replace model equation 24 with a set of equations:
pbL = (1 + z1 β – z2 β) pbL-1
where:
z1
z2

= 1 if and only if TP > top
= 1 if and only if TP < bot

TP =

BLh−1 pbL−1
BLh−1 pbL−1 + Bh−1

The effect is to represent the Treasury as “letting the price of bonds float upwards”
when the ratio of the total value of bonds outstanding to the value of bonds and
bills held by households (TP) exceeds and upper limit (top), and the price of bonds
“float down” when this ration falls below a lower limit (bot).
Notice that, as Godley and Lavoie point out (page 155), if the government increases the bill rate alone, the effect will be for there to be a decrease in the demand for bonds, and hence a decrease in the TP ratio, possibly causing the government to let the price of bonds fall, in turn increasing the yield, rbL, which then
causes households to expect capital gains, with the effect of increasing the demand
for bonds and then causing TP to rise.
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Alternatively, if households were independently to come to expect a fall in the
price of bonds, implying a higher bond interest rate, the effect is to decrease the
demand for bonds, since the expected capital loss implies also that the expected
rate of return on bonds will be lower than their yield. If the TP limit is exceeded,
and if the government wishes to maintain the TP target band, the final result will
be to cause the government to lower the bond price. The overall effect is for the
government to operate so as to establish a restricted range of prices rather than a
single maintained price.

The Second Liquidity Preference Model
This formulation of the LP model (LP2) is shown in Figure 3.9. Notice that
many of the parameter values have been set as variables that will be stored in the
Memory File. This operational approach can be useful when temporary values are
involved, particularly if you wish to reserve space in the model data bank for only
those variables and values that are “permanent” in some sense. However, you
need to take care to make sure that the creation of each of the solution files that
you will use – at least those that are not direct copies of others – are all created
during the run in which this macro is executed. If you exit from MODLER, then
return and simply open the model that has been created, the variables and values
from the Memory File will of course have vanished, even if the relevant data bank
is opened.
An operational aspect of this model that is likely to strike you as new is the
form of the two equations:
zed1 = TP.GT.top
zed2 = TP.LE.bot
These respectively incorporate the logical operators .GT. and .LE. GT stands for
Greater Than and LE for Less than or Equal. These operators, please note, include
the leading and trailing points. Operationally, if TP is greater than the value top,
the first expression (setting the value of zed1) will evaluate as 1; otherwise it will
evaluate as zero. The second expression (setting the value of zed2) will evaluate
as 1 if TP is less than or equal to bot; otherwise it will evaluate as zero. Alternatively, the equation for pbL can be specified as:
pbL = (1 + TP.GT.top*beta-TP.LE.top*beta)*pbL(-1)
thus removing the variables zed1 and zed2 from the model. In the context of
MODLER, logical operators (among which are GT, GE,EQ,LE, and LT) can be
embedded in any mathematical expression, as well as used on their own in separate equations. In all cases, logical expressions evaluate as 1 when true and 0
when false. This numerical evaluation is obviously what permits these expressions to be embedded in mathematical and other expressions.
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Figure 3-8. The LP2 Model

Operation of Model LP2: Response of the Bond Rate to Changes in
Bill Rate
In general terms, Godley and Lavoie describe two experiments (page 155) with
the enhanced model, LP2. The first of these consists of changing the bill rate in
1957, as shown in Figure 3-10. This figure shows only the values for first few solution periods, but the changes are obviously made here through 2050. You may
wish to limit the dates to 2008, even when you first create the model and solution
file.
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Figure 3-9. Changing the Bill Rate from 3% to 4%

The resulting change in the bond rate is illustrated in Figure 3-11.

Figure 3-10. Bond Rate and Bill Rate
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The bill rate increase occurs as a one time change in 1957, so its graph is shown
as a step up. The sympathetic increase in the bond rate then occurs more gradually during the solution interval from 1957 to 2008. Notice also that in the case of
this graph, the plot menu facilities have been utilized in order to provide axis captions. The corresponding behavior of the variable TP, the target proportion, being
the household share of government debt, is shown in Figure 3-12, where top defines the ceiling line and bot the floor line.

Figure 3-11. Target Proportion Behavior
The second experiment involves an assumption of a one time change in the bond
price expectations of households, which might be imposed by setting the value of
“add” to –5 in 1957. In other periods, its value remains zero. This one change is
sufficient to impact on the price of bonds (but not bills), as is illustrated by Figure
3-13. Notice that the bond rate rises initially, but finally re-establishes itself at
the original level. An aspect of Figure 3-13 that needs to be recognized is that the
use of split right and left scales permits us to superimpose the behavior of the
bond rate, but it should not be inferred from this plot that at any point the bond
rate is lower than the bill rate. Read from the left scale, the bill rate is uniformly
3%, whereas the bond rate (read from the right scale) is in all cases 4% or more.
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Figure 3-12. Reaction of the Bond Rate to a Change in Household Expectations
The Corresponding behavior of the target proportion, TP, is shown in Figure 3-14.
Notice that in this case, for a time, TP tends to press against the ceiling.

Figure 3-13. Behavior of TP in Response to Changed Expectations
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Government Expenditures Endogenized
So far, although an important structural component in the models considered,
government expenditures have simply played the role of “being there.” Godley
and Lavoie argue for its importance in this respect, indicating that “without exogenous pure government expenditures there would be no multiplicand” and a determinate solution of the model would not exist (page 160). However, it is clearly
true that in a modern industrial economy, the level of government expenditures is
not a constant, but bears some relationship to the growth in such an economy. It
is also useful to begin to consider the functional interplay between government
expenditures and revenues, since deficits, in particular, are likely to impact on interest rates — to the extent that monetary authorities react to the fear of inflation.
Furthermore, both independently and as a feedback effect, these rises in interest
rates, inasmuch as they affect the government’s debt service requirements, will
themselves potentially cause or exacerbate government deficits. The so-called
public sector borrowing requirement (PSBR) is both a measure of this effect and a
result of the fact that the issue of government debt permits government deficits.
Model LP3 extends the LP model by adding to LP2 the following equations:
PSBR = (G= rb-1 Bs-1 + BLs-1)- (T+rb-1 Bcb-1)
G= G-1 – (z3+z4) βg PBSR-1 + add2
where:
z3 = 1 if and only if

PSBR-1/Y-1

> 3%

z4 = 1 if and only if

PSBR-1/Y-1

<

3%

as illustrated in Figure 3-15. This display of the model, it should be noted, omits
the specification of values for a number of the model variables that appear in the
distributed version of LP3.MAC and which, when the macro is run, will be stored
in the Memory File. The particular specification of the variables z3 and z4 reflects
the type of limitation on fiscal policy that is (in principle) imposed on the governments of the member countries of the European Union under the Treaty of Maastricht. Notice that this restriction is here imposed symmetrically, so that it also
will affect situations in which government budgets are sufficiently in surplus.
Obviously, one of the operative effects of the inclusion of these particular additional equations is to make government expenditures sensitive to budget deficits.
That is, we are no longer assuming that government expenditures are “impervious
to the apparition of large budget deficits,” as was done earlier. Another effect is,
as Godley and Lavoie point out, is to introduce the element of hysteresis into this
model. Generally speaking, hysteresis refers to a situation in which it is impossible to determine the state of the system from knowledge only of the values of the
current inputs. In order to understand fully the state of an hysteretic system at any
given point in time, it is also necessary to know its detailed history.
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Figure 3-1. The LP3 Model
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Chapter 4 A Simple Model with Private Bank
Money

With this chapter, we depart from the policy of a lock-step chapter-by-chapter
discussion of the material presented in Monetary Economics. Chapter 6 of Godley
and Lavoie introduces the Open Economy and with it various aspects of trade between different economically defined geographic areas. Instead, this chapter takes
as its subject the material in their Chapter 7, which considers private bank money.
The reason for postponing until later the explicit treatment of foreign trade is the
change in focus that the introduction of this subject involves. The earlier discussion has progressively elaborated the idea of the demand for “outside” money in
its various aspects. In a complementary way, the money created by the private
banking system, “inside money,” plays a role that, among other things, enables the
modern industrial economy. Pedagogically, it seems more consistent to consider
first at least some of the implications of “inside money,” which is to say the particular effects of bank deposits and loans and other domestic matters, before then
addressing the wider world and trade. By so doing, we continue and expand upon
the material of the past chapters. Furthermore, notice that, by taking this tack, we
do not necessarily need to assume the absence of trade, although for simplicity
this has been made in the models discussed in this chapter. Instead, the primary
effect of postponing an explicit consideration of other economies is rather to ignore the possible differential effects of government policy on domestic economic
agents versus others – only to the degree that exports and imports are assumed to
be identically affected by governmental polic-ies is it necessarily true that we are
considering a “special” case, the closed economy.
As we have seen earlier, the role of money provided by the government – “outside money” – is in the first instance that it enables and facilitates the smooth exchange of goods and services, in large part by a guarantee of its immediate acceptance by all transactors as “legal tender for all debts, public and private,” thus
removing the need for economic agents to barter or else to find some other, possibly risky, means of exchange. Of course, at the same time, this money, so long as
it is at worst minimally perishable, also serves as a ready store of value and a reference unit of account. Historically, a further characteristic of such money, possibly including also gold, silver, and other such “inherent” money equivalents, was
additionally the need to protect it and to be able to convert it, as necessary, into a
foreign unit of exchange and account. The very earliest development of banks can
be traced to religious institutions, which may have served to more safely store
grain, cattle, and other goods, including gold, but banks as the economic institutions that are familiar today effectively began to play their modern role once it was
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realized that they could both serve as storehouses of money and, in addition, were
also capable of lending a portion of the deposits, thus becoming financial intermediaries between economic agents who had different needs. From these days,
banks began to serve the function of diversifying risk, in effect by borrowing from
those with money to store and lending to those needing more than they had. The
“excess cash” of depositors became economically more useful, without forcing the
original owners to risk it in the form of direct loans to entrepreneurs and other
third party borrowers.
Significantly, this conversion of “idle cash” into loans was also discovered to
involve a “multiplier” effect: in particular, if only a fraction, r, of the cash held by
banks is needed for day-to-day transactions by depositors, then the total money
available for lending by banks can be expressed by the simple formula:
Mp = 1/r Mh
Where Mp is the (private) bank money and Mh is the government money (which
might or might not include gold and silver stocks and other “natural” high powered money equivalents, but also reserves in the form of government securities).
It is easily seen that if r < 1, that Mp will be larger than Mh. Think of r as having
a value of .1 or even .5 or less. In the case that the reserves consist of government-supplied money (and possibly government securities), the multiplier 1/r can
usually be viewed as involving today a fractional reserve requirement that banks
are mandated to keep as backing. Given this required reserve, the limiting value
of private bank money (deposits) is established by the amount of reserves available to the banks at each point in time, Mh.
However, even in the case of a monetary system that consists entirely of private
bank money, the formula defining the limiting value of total deposits is essentially
the same:
Mp = 1/r Mr
where Mr is simply defined as the reserves kept by the banks. A difference may
be that the banks are then able to define for themselves what the value of r should
be, rather than its being set administratively by a government agency. Notice that
if banks each individually determine their reserve ratios ri (i=1,2,..,N):
N

r=

Mri

∑ r Mr
i

i =1

so that r is a weighted average of the individual reserve ratios, with the weights
being the proportion of total reserves held by each bank. A potential problem in
this case is that each bank might be tempted to minimize its reserves, inasmuch as
this information is generally hidden from outside observers. Of course, what constitutes the form of the reserves is then also subject to further definition. In a context in which individual banks are free to determine the amount of reserves that
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are held, there may be greater systemic risk, inasmuch as the smaller the value of r
for each bank the greater the likely profits, all other things equal, but also the
greater the potential for banks to fail if they should underestimate the amount of
reserves needed for day-to-day transactions, particularly should depositors loose
confidence in the banks’ liquidity and demand their money back. But what is
most important to recognize is that in all cases, bank deposits – a proportion of
which are loans – will be some relatively large multiple of the reserve “base”.
The primary inference to be drawn from this brief discussion is that the essential logic for the existence of a banking system is fundamentally the same irrespective of whether the money involved (cash plus deposits) is defined as “inside”
money, “outside” money, or some combination of the two. However, from a PostKeynesian perspective, another aspect of the situation needs to be considered,
namely that the reserves themselves are endogenous. In the case that outside
money exists, if more reserves are required in order to support the loans outstanding, the central bank will provide this at the interest rate it has set. The central bank can raise or lower the interest rate, depending upon whether it views the
monetary expansion as too great or instead might wish for the expansion to be
greater. In the absence of a central bank, which is to say in the context of a system with only “inside money,” any one bank finding that it has made more loans
than its inflow of deposits will result in that bank borrowing from other banks with
excess inflows. This argument leads to the conclusion that the multiplier is effectively implicit – tautological, but not behaviorally significant. What sets the limit
to deposits is the number of “qualified borrowers” (as defined by the entity making a given loan) and the amounts such borrowers wish to borrow at existing interest rates. Both the banks and private sector borrowers each determine the quantity
of loans they demand, given the interest rate at which each of them can borrow.
Later, such issues will be considered further. For the moment, the focus here,
as is true also of Chapter 7 of Monetary Economics, will be upon the effect of the
private bank lending process itself, including the existence of interest paid by borrowers, in return for the loans made to them by banks. In the simplest case, the
original depositors of the money held by banks can be considered to be households. The borrowers can be considered to be firms, who use the money borrowed
to pay for plant (buildings) and equipment, raw materials, and (to a degree) even
the wages of their employees. Clearly a firm’s need to borrow can be seen (in the
simplest case) to be the difference between its revenues and its total costs. A further qualification, established by the “inside money” only assumption is effectively the existence of a cashless society, in which all economic agents have bank
accounts, and use debit cards, credit cards, checks, and the like in order to make
exchange transactions. This might, in the case of vending machines, for example,
also imply the use of mobile phones to make certain transactions.
It is also useful to consider hypothetically the birth and development of firms.
Over time, to the degree that a firm makes profits it will usually be able to put
aside some proportion of these net earnings as retained earnings, so that in the
general case a particular firm’s need to borrow from banks may be progressively
moderated. However, for simplicity Godley and Lavoie make the assumption that
firms — including banks – are purely borrowers (and have a zero net worth),
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whereas households are only depositors and do not borrow from banks. This assumption should be regarded essentially as simplifying; it could be relaxed, at the
cost of additional accounting complexity. The composite effect of such assumptions, in terms of the balance sheet for the models to be considered in this chapter,
is to equate the total value of firms’ fixed capital to the net worth of households
and to equate the total value of the money deposits both to the total loans outstanding and the net worth of households (p. 219). Bear firmly in mind that, at
this stage, the money in the system is assumed to be only private bank money (Mp
above). Implicitly, it is therefore being assumed that all money originates as bank
deposits. Procedurally, the wages of households, originating as payments by firms
to workers, are immediately deposited to their private bank accounts. Borrowings
by firms also exist as bank deposits, with transactions taking the form of ledger
entries. So far, it is not necessary to consider the existence government provided
money, as providing the reserves of the private banks. In effect, there is nothing
in the way of “backing” for the private bank money, except in the form of deposits, which are created by the existence of the private banks. Notice, when considering the balance sheet just described, that the same effect could be achieved if
households were assumed to be direct lenders to the firms. In effect, the private
banking system has been made transparent, but the logic of its existence is that individual households would not in fact have either the time or the skills both to
serve as day-to-day lenders to firms and be employed by them as workers.
The assumptions just made are of course rather rigid, but can be progressively
relaxed, in the process yielding a somewhat more logically satisfying result. As a
foundation for later relaxing these assumptions, it is both necessary and useful to
distinguish between current and capital accounts. The capital account registers
the stocks of money, fixed capital and other items. The current account traces the
flows, which are of course the changes in the stocks. The essence of understanding both the balance sheet (p. 219) and the transactions matrices (p. 220 and 221)
is to recognize that each transaction involves opposing entries, usually payments
and receipts. For example, interest on loans are paid by firms and received by
banks. Similarly, payments on household bank deposits are paid by banks and received by households. All this is rather straightforward and obvious, but nonetheless is worth carefully absorbing. What is less obvious is the just-mentioned distinction between current and capital accounts. For instance, certain firms produce
fixed capital and others purchase it. As a particular example, a manufacturer of
commercial aircraft sells its products to other firms, which whether directly or by
leasing cause these aircraft then to be used as equipment (fixed capital) in order to
provide services to the general public. The purchase therefore shows up both in
the current transactions account as revenue for the producer and in the capital account of an airline (or other such purchaser) , which being a cost carries a negative
sign.
However, we also need to recognize that such equipment is “consumed” by use,
usually wearing out over a number of years. Therefore, in order to maintain the
firm’s fixed capital constant over time, an additional capital account item will also
appear, often denoted by Godley and Lavoie as AF or as DA, a “depreciation allowance,” but elsewhere sometimes called a “capital consumption allowance.”
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The distinction between AF and DA is that between funds set aside for depreciation purposes (AF) versus the physical wear and tear on machinery (DA), but as
these are equated in the model, this difference represents a fine point. In each
time period, the total of the capital expenditure items equals the value of the new
loans required, which itself shows up (p. 220) as a change in the total value of the
loans outstanding. Simultaneously, this change in the value of loans appears in
the bank capital account as an outflow, reducing the banks’ capital, but only momentarily: correspondingly, there is an equal addition to the banks’ capital account, taking the form of increased deposits, adding to the total deposits. If these
transactions occur entirely within a given bank, what will be involved are two
compensating account entries, since that bank’s total deposits will not have actually changed. Particularly in the real world, tracing all these flows, money unit by
money unit, can be complicated in the general case, but the inference to be drawn
is that the model accounting system has been established so that each euro, dollar,
pound, yen, or other money unit is spoken for in the system. There are no “leakages” from the model balance sheet and transactions matrices.
It is not at first apparent, but lurking just beneath the surface here is in addition
an important economic concept of profits, which is that “profits” properly consists
of a return to ownership after all costs are accounted for, including the shares of
labor, rental costs (for example, for buildings), and capital. “Pure” profit, in this
sense, is the amount that can be withdrawn from the firm (distributed to shareholders) while leaving the value of the firm’s assets unchanged from the prior period. This concept is obviously the equivalent to the concept of income mentioned
earlier as being the amount if spent leaves total wealth unchanged. In particular,
once fixed capital has been put into service, in order thereafter to maintain the net
worth of the firm unchanged, it is necessary to account for the consumption (wearing out) of that equipment (and possibly plant) over time. In economic theoretical
discussions, such refinements as capital consumption allowances are often ignored, but in the present context in which both the short term and long term are
being specifically considered it is important to apply carefully the normal rules of
accounting, especially when these have economic content. These concepts may
even be helpful when considering a variety of other issues. For instance, such topics as the compensation of chief executives, board members, and other managers
of firms have recently been much in the news. To a degree, this matter can be
considered platonically as a value judgement – abstractly, what is a chief executive worth? – but when considered in a proper accounting context, there is also a
rather straightforward way of conceptually establishing the point at which such
judgments become not only a matter of determining the proper return to ownership
versus management but also the point at which such payments may exceed the actual profits of the firm, leading to a decrease in the firm’s assets.
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The First Private Bank Money Model
The first Private Bank Money Model (BMW1) is similar to earlier models in
terms of the set of assumptions that define the market clearing equations:
Cs = Cd
Is

= Id

Ns = Nd
ΔLs = ΔLd
These of course respectively state that, in each period, the value of goods and services produced for consumption (Cs) correspond to total consumption expenditures (Cd), the production of Investment goods – fixed capital – (Is) equals the
purchase of fixed capital (Id), the number of persons employed (Nd) is equal to
the number of people seeking employment (Ns) and that the supply of loans (ΔLs)
is equal to the demand for loans (ΔLd). Given then the further assumptions that
there are no bonds, no central bank reserves and that banks do not make profits
(hence do not accumulate capital reserves), it also follows that:
ΔMs = ΔLs
which is to say that the amount of private bank money must be equal to the supply
of bank loans. Furthermore, implicitly, there is also a redundant equation in the
form of:
ΔMh = ΔMs
which effectively states that the change in value of bank deposits that households
wish to hold is equal to the total created each period. This equation is redundant
in the sense that it cannot be added to the model without overdetermining it, yet
this equality is in principle always automatically satisfied.
The model’s explicit accounting identities are:
Y = Cs + Is
Y = WBd + r1-1 Ld-1 + DA
ΔLd = Id – DA
YD = WBs + rm-1 Mh-1
The first of these is rather straightforward and states that the value of total production is equal to the production of Consumption goods and services and Investment
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goods. By the use of the name Y, the second identity reflects the accounting fact
that the value of total production will also equal total income. This second identity states that total income is equal to the wage bill plus the interest on loans plus
depreciation allowances. Actually, this second equation will appear in the model
in the inverted form:
WBd = Y - r1-1 Ld-1 – DA
which functionally has the effect of determining the wage bill as a residual of the
value of total production and loan interest payments and depreciation allowances.
In some situations, there are potentially model-behavior related problems with this
type of tail-wagging-the-dog formulation, but given the purpose of the BMW
model is to serve as an intermediate pedagogic illustration these problems can be
ignored. The third equation states that net investment each period (Id –DA) is
equal to the loan demand. Notice that the value of DA has not yet been stated,
which will involve including a behavioral equation. However, even before considering how to “model” DA, from the above identity it is obvious that new loans
made in a given period must necessarily exclude the proceeds of loans made in
one or more earlier periods, which is what the value DA represents. Finally, the
definition of disposable income consists of the receipts of households, which include wage payments plus the interest paid on household bank deposits.
An additional identity is:
K = K-1 + (Id – DA)
That is, the value of the capital stock this period is equal to its value last period
plus net investment. Obviously, a certain proportion of the gross investment in
fixed capital made each period takes the form of replacement investment (DA).
This replacement investment can be considered as being motivated by the need to
scrap economically obsolete equipment or else equipment that has physically worn
out; either of these circumstances effectively amount to the same thing, although
from a purist perspective economically obsolete equipment, while inefficient,
might still continue to be used in production at least sometimes.
The model’s behavioral equations consist of:
Cd = α0 + α1 YD + α2 Mh-1
Id = γ (KT – K-1) + DA
KT = κ Y-1
DA = δ K-1
Nd = Y/pr
W = WBd/Nd
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rm = r1
r1 = rbar1
The first of these, the consumption function, is similar to those we have encountered before, establishing a propensity to consume out of disposable income and
interest income, each with a particular parametric value; however, the term a0, although at first sight seemingly simply a constant parameter, actually is not and
will need further consideration later. The second equation, explaining Investment, is separable into two components, an accelerator component – which states
that this portion of investment is determined as proportion, γ, of the difference between the target capital stock, KT, and the stock of capital last period – and a depreciation component – accounting for capital produced and placed in service in
order to replace existing worn out equipment. The next equation defines the target
capital stock and states that the level of production last period, given a “normal”
utilization rate, determines it; in effect κ can be interpreted as a “normal” capital/output ratio. In turn, the depreciation allowance (DA) simply consists of a
proportion, δ, of the capital stock last period. Next, employment is determined by
the level of production, given (an exogenously determined) “normal” labor productivity, pr. The wage is then defined as the average wage, given the wage bill
and the level of employment. Finally, the last two equations respectively establish that the rate of interest paid to bank depositors is equal to the loan rate of interest and that this rate of interest is exogenous – conceptually, this rate is administratively set by the banking system.
It is now relevant to consider the term a0 in the consumption function. Godley
and Lavoie define it as autonomous consumption, which is an exogenous model
element. As such, it has two roles in the model, a mathematical role and an economic one. Actually, that it should take a positive value is functionally necessary
to the model – which can be verified by setting it to zero and then attempting to
solve the model. However, this particular requirement has nothing necessarily to
do with any specific need for the consumption function to include an autonomous
term: as an alternative, it could be removed and the production identity instead be
modified, for example adding there Government Expenditures (G) or some other
exogenous model element, as Godley and Lavoie point out (p. 225). But rather
than thus focusing attention too intently on the dictates of mathematical exigency,
it is instead worth considering briefly the particular economic logic of the term a0.
The inclusion of a non-induced term in the consumption function – that is, not directly induced either by current disposable income or by the current level of
household interest income – can be seen to provide a mechanism that can be used
to express the idea that consumption expenditures are not all mechanistically determined by disposable personal income and interest income, but can also be partially determined by consumer expectations or sentiment, as a reaction to the consumer’s view of the future. Optimism about the future – or pessimism – might be
seen as causing the consumer to consume more – or less – than would otherwise
be implied by the current levels of income and interest income. The model, as it
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stands, should be seen as primarily intended to provide insight concerning the effect of including private bank money and bank loans, as a way of introducing
these phenomena, but the appearance in the model of the term a0 also serves to set
the stage for the introduction of other concepts.
The Private Bank Model has been set out here with its equations differently ordered than done by Godley and Lavoie, partially for the sake of variety but also in
order to focus attention more specifically on the equations as functional types.
The discussion in Godley and Lavoie is obviously motivated by their desire to
present the model as an economic expression and the treatment here takes that discussion as given. The presentation here should be viewed as intended to provide
an enlarging commentary on the models. One interesting aspect of each of the
models is what constitutes its essence as a system of equations? For example, in
their discussion on page 222, Godley and Lavoie state that the BMW model consists of 19 equations, “excluding the price variable.” At this stage of considering
the various models, this statement raises the question whether there is something
definitive in the number of equations a particular model might contain. Clearly,
there is an essential set of characteristics associated with a given model, such that
possible changes made to its equations will change its nature. However, even
apart from the ordering of the equations, it is also true that the present model can
be written in several different, equivalent ways without necessarily affecting its
solution properties. Most models have this characteristic.
In order to probe the idea of a model’s essence, Figure 4.1 displays a macro that
omits some of the BMW1 model’s ostensible identities, as set out above, by the
simple expedient of removing what are functionally redundant variables. In contrast Figure 4.2 presents the model effectively as it is presented in Monetary Economics, (Appendix 7.1) although the macro silently corrects several typographical
errors; for instance, DA is used uniformly as the name for the depreciation allowances variable, which occasionally appears in Monetary Economics as AF.

Figure 4-1. First Private Bank Model
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Figure 4-2. First Private Bank Model with extra variables
To begin to see what such changes might involve, consider, as an example, the
particular subset of equations:
Y = Cs + Is
Cd = α0 + α1 YD + α2 Mh-1
Id = γ (KT – K-1) + DA
Cs = Cd
Is

= Id

The first of these identifies itself as defining total production (and sales) because
of the appearance of the variables Cs and Is on the right-hand-side. These are respectively the consumption goods and services and the capital equipment (fixed
capital) that are supplied (produced) by firms. In the case of the next two equations, it is evident that these respectively express the demand for consumption
goods and services and capital goods. The final two identities establish that markets always clear and that whatever is demanded is produced (and sold) and vice
versa.
Consider in contrast:
Y=C+I
C = α0 + α1 YD + α2 Mh-1
I = γ (KT – K-1) + DA
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The first of these equations is slightly more ambiguous in its appearance: does it
express total demand for newly produced goods and services or the total supply
(production) of these? In contrast, the second and third equation, by their form,
can be identified immediately as expressing the demand for Consumption goods
and services and Investment goods, respectively. However, as a set of equations,
there is no significant mathematical difference between this second set of equations and the first set. It also might be argued that the ambiguity of the first equation is entirely a matter of the slightly artificial simplicity of the model. Because
all goods and services are domestically produced, and none imported, C and I each
represent categorical domestic production and demand. In addition, because government expenditures do not appear in the model, there is no issue here of goods
and services that may be produced by government agencies and are usually provided for a fee (for example, passports) versus government purchases of what may
be either consumption goods and services or capital goods and perhaps business
services.

Aspects of the Model’s Structure
The BMW1 model is a particularly simple model (notice that we have abstracted from taxes and other such complicating considerations) and as such its solution characteristics can easily be determined even without solving it. Among the
characteristics of the steady state (stationary state) are gross investment equal to
depreciation allowances, with net investment zero, and consumption equal to disposable income. In addition, household bank deposits will be equal to the value
of the capital stock. As a follow on, it is also possible to discover that in the context of this model the so-called paradox of thrift is reestablished. The model furthermore implies that a lower propensity to consume – because it results in lower
income in a given period and generates a lower target stock of fixed capital – will
finally result in lowered wealth and a lower stationary level of income.
However, before considering these types of model results, it is relevant to focus
on certain salient aspects of the model’s structure. Notice that consumption expenditures and investment – summing to total production – are the twin threads of
the model. In turn both these jointly depend upon production, either in terms of
the income and wealth generated or else directly. That is, consumption expenditures to a great extent depend on the disposable income generated and the wealth
accrued, although these also include autonomous expenditures. Meanwhile, investment depends upon the target capital stock, KT, which is defined in terms of
the level of total production last period, relative to the current capital stock. Yet
these activities are apparently independent behaviorally; that is, it is not instantaneously obvious exactly how and why the model works so as to yield ultimately a
stationary state solution: for instance, the model does not explain the nuances of
the production process. It also leaves out certain activities, including government
expenditures, which might otherwise be thought to play an important part. In addition, the mechanism that causes the model to converge to a stationary state if the
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model’s initial conditions represent an out-of-equilibrium endowment is also not
obvious, nor are the necessary circumstances associated with this mechanism.
This last consideration raises two important questions. The first is how the model
might behave given an arbitrary set of initial conditions? The second is how the
model might behave if it is deflected from initial conditions that happen to represent steady-state behavior? Actually, these questions will be considered in reverse order.
Particular Issues: Model Stability
The BMW1 model, as found in C:\GLMODS\MODELS\7 (assuming that you
have created a project, Chap7, that points to this folder), can be solved starting
from the steady-state values of this model. When solved in this fashion, you will
soon discover that in each successive period the model takes very few iterations to
solve, usually only 2. In contrast, the BMW1A model (its name signifying that
this is an alternative) can be created using the BMW1A.MAC file. The difference
is the solution file: this macro instead draws from a data bank containing non
steady-state values. These two solution situations are quite different in their implications, so that it is worth examining them in some detail, as well as probing
why the differences occur. To some degree, the explanation depends upon the inherent mathematical properties of the model, but it will also be important to consider certain computational aspects of the model’s solution. The distinction just
made is, in part, the difference between being able to demonstrate in principle the
existence of solution values versus in practice being able to generate convincingly
a corresponding solution.
Consider first the matter of existence. In Monetary Economics, Godley and
Lavoie present the derivation of steady-state values of certain variables (p. 229).
These results can be stated analytically, before attempting to solve the model, so
that in effect we know where we are trying to go before we set out. For instance,
the stationary-state values of YD and Y are:
YD* =

Y*

=

α 0 (1 − δκ )
(1 − α1 )(1 − δκ ) − α 2κ

α0
(1 − α1 )(1 − δκ ) − α 2κ

Among other characteristics, the values of the model variables, including Y and
YD, obviously must be positive. In particular, as well as (1- δκ) > 0 and (1-α1) >
0, the necessary restrictions on the several parameter values can be stated as:

(1 − α1 )

α2

>

κ
1 − δκ
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Furthermore, the balance sheet of the model provides important guidance concerning the values taken by corresponding variables. For instance, it enforces K = Mh
= L, and therefore that K* = Mh*, making it easy to derive (p. 233) that in the stationary state:

α0
(1 − α1 )(1 − δκ ) − α 2κ

K* = κ
and

(1 − α1 )

Mh* =

α2

YD * −

α0
α2

Notice that, without the balance sheet, it is not obvious a priori that necessarily K*
= Mh*.
Arguably, the two primary dynamic variables of the model are the stock of
capital, K, and the level of income (and value of production). The model’s time
path for each of these variables can be derived (p. 234), so to yield for the capital
stock:
K=

(1 - γ) K-1

+

γκ Y-1

and for income (production):
Y =

γκ
(1 − α1 )δ + (α 2 − γ )
K-1 +
Y-1 +
(1 − α1 )
(1 − α1 )
α0
(1 − α1 )

Considered jointly, these equations evidently form a 2 equation system that can be
expressed by the matrix representation (p. 235):
zt = A z t-1 + c
where

⎡K ⎤
⎥
⎣Y ⎦

z = ⎢
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⎡a
⎣a

A = ⎢

c =

11

a

21

a

12
22

⎤
⎥
⎦

⎡.....0 ⎤
⎢ α ⎥
⎢ 0 ⎥
⎢⎣ 1 - α1 ⎥⎦

Notice, in particular, that A forms the parameter matrix of the system with its aij
elements corresponding to the composite parameter terms shown above.
As a dynamic system, this system is clearly unstable if |detA| ≥ 1, which implies that the stability requirements (in terms of the elemental model parameters)
are:

(1 - α1) >

(1 − α 2 )γκ
(1 + δγκ )

and
(1 - α1) >

γκ
(1 + γ )

Godley and Lavoie suggest (p. 237) that, among the implied economic characteristics of the system, it is necessary for the convergence from the actual capital stock
to targeted levels to occur “slowly,” implying the need for a value of γ closer to
zero than to 1. Observe, in particular, that the reciprocal of γ defines the number
of time periods it will take for the gap between KT and K-1 to be filled, all other
things equal. Furthermore, these stability requirements also imply that savings
should respond more “strongly” to changes than does investment.
Notice, however, that the stated stability requirements still permit the individual
parameters each to take any of a range of possible scalar values. Consequently,
the model does not imply the existence of a unique stationary state, but rather
many (actually an infinity of) stationary states. Therefore, it is relevant to consider the possibility for the model to transition from one stationary state path to
another. A further interesting circumstance is the difference between the manner
of this transition when the stationary state stock of capital, K*, exceeds the current
stock versus when the stationary state stock is below the current. That is, in its
fine points, the issue of stable transition is not simply a matter of differences but
also, quite fundamentally, the direction of movement. It is obvious that when K*
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> K, what is essentially involved is a desired addition to the capital stock. In contrast, when K > K*, two possibilities in particular are relevant, namely the case
that only a portion of the depreciated capital is replaced versus the outright destruction of a possibly significant (additional) portion of the existing capital stock.
In the latter case, the economic circumstances would seem to imply effectively
that a larger than δ proportion of the capital stock becomes economically obsolete,
not as an inherent characteristic of the equipment (and possibly plant), but because
it is then not economically possible any longer to put it to productive (read profitable) use. The recent sub-prime mortgage crisis provides a good example of a
shock to the system that can cause K > K*.
A pertinent logical limitation is that gross investment cannot be negative. Bear
in mind that gross investment corresponds to physical capital, as a valuation of
that capital. Consequently, it can only be positive (or at worst zero), implying the
requirement:
(γ - δ )

K −1
≤ γκ
Y−1

This relationship will always prevail if γ < δ ; that is, if the percentage of the
difference between the target and existing capital stock is less than or equal to the
percentage of the stock used up each period. Otherwise, the requirement must be
that:

(γ − δ )
Y−1
>
K −1
γκ
which, as Godley and Lavoie point out, implies that negative shocks to the economy both must not be “too large” and that the rate of capacity utilization must not
fall “below a certain level.” However, this qualification presumes that γ always
remains constant and exogenous.
The stability conditions just reviewed essentially define the fundamental
mathematical characteristics of the model, but still to be considered is the actual
process of solving the model. We will discover that one of the issues that needs to
be addressed is the requirement that:
ΔMh = ΔMs
which earlier was identified as the model’s redundant equation. Although this
equation cannot appear in the model without overdefining it, the equation is automatically satisfied by any valid model solution. In particular, when the model either follows a steady-state path or else what might be called a proper transition
path, this condition will be fulfilled. However, this statement does not imply that
every apparent solution of the model is a valid solution. In fact, at least under
some circumstances, it is easy to produce a model solution – representing simply a
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set of values of the model variables generated for each solution period – that do
not represent a proper convergence to a stationary state. Consequently, especially
when the model begins from an out-of-steady state endowment, it is generally
necessary for the MODLER user to confirm ex post that the redundant equation is
satisfied; the lack of satisfaction of this equation is effectively a marker that the
model is not converging properly to a valid solution.
In order to consider this matter in greater detail, it may be helpful to begin by
considering the model’s solution from a user’s perspective. From this perspective, the solution of a model begins at the Model Solution Control form, an example of which is shown in Figure 4-3. So far, although displayed from time to time
in earlier chapters, this form has been considered primarily in terms of its use to
set the first solution period, with an occasional mention made of the possible need
to set the maximum number of iterations “high enough.” Otherwise, the remaining settings on this form have so far been ignored.

Figure 4-3 Solution Execution Form
Recall, however, that after each previous model solution, when the solution log
is displayed, one of its characteristics is a period-by-period statement of the number of iterations that the solution required. This information is potentially useful,
but notice that the Maximum Iterations setting does not per se affect any attempted solution except if the number of iterations required will exceed the number shown for this setting. In this case, MODLER will issue an error message indicating that the maximum number of iterations has been reached without a
solution being obtained. In contrast, the Minimum Iterations setting (> 1) always
establishes the number of solution iterations that will take place each period before
MODLER begins to check to see if the model seems to have been solved. Therefore, if this value were to be set to 50 (for example), the effect would then be for
MODLER never to conclude that the model has solved until at least 50 iterations
per period have occurred. Evidently, the principal reason not to set the minimum
iterations above 2 is simply that it may then take the model longer to solve than
actually necessary. This was a significant consideration in bygone days, espe-
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cially when an hour of mainframe computer time could cost even as much as triple
the monthly salary of an economist solving a model [1], with the result that any
useless iterations were then a pressing issue. However, even today, the number of
iterations actually required remains a potentially useful piece of information about
the characteristics of the model, as has been mentioned in an earlier chapter, even
if there are no longer significant cost concerns. But the principal inference to
draw at the moment is that one of these settings necessarily affects the solution of
a model whereas the other may be non-binding if, prior to the value of the maximum iterations being reached, MODLER should conclude that a solution has been
obtained.
An obvious next question is, given reasonable settings of the minimum and
maximum iterations, what determines the point at which MODLER concludes that
a solution has been obtained? Simply put, it is the setting for the Convergence
Criterion Value. But there are also deeper computational issues involved, for
there are several aspects of this value that need to be considered; the issue is not
just how does MODLER work, but rather how might any model solution program
determine when a solution has been obtained? When considered mathematically as
sets of simultaneous equations, the economic models being solved have the characteristic of needing to be solved by an iterative process, starting from some initial
chosen “seed” value (which may in fact be a vector of model variable values).
There are a variety of reasons for this requirement [7, 28, 30], but as a normative
matter this test value (vector) should ideally be chosen so as to be “near” in value
to the corresponding solution value or else to exhibit other appropriate properties.
Such a choice if made can generally be expected to minimize the number of iterations required to obtain the solution, all other things equal.
However, in practice, it is not always possible to achieve this ideal, making it
quite relevant to attempt to determine the implications of an arbitrary choice of
this (vector) value. Furthermore, once some initial value has been chosen as a
starter and as the model begins to iterate towards a potential solution, the critical
question becomes when the point has been reached that each model variable value
might be considered to have got “close” enough to declare it a “solution”? Generally, the test criterion used for this evaluation is whether, after each successive iteration, the observed change in value from one iteration to the next is smaller than
a pre-set amount, here called the Convergence Criterion Value. If the change in
value is too great, the inference the software will make is that one or more further
iterations are necessary. However, as indicated earlier, if the maximum number of
iterations is reached before the observed change in the solution values has become
small enough, the program will automatically stop and an error message will be
produced to the effect that there has been “No convergence in k iterations. Solution Failed,” where k is the pre-set maximum number of iterations. This paragraph involves a certain degree of simplification of the operations and evaluations
that are performed by MODLER, which can be quite involved [21], but it is generally illustrative of the essential characteristics of the situation.
Considered heuristically, it is rather obvious that a necessary condition for a
converged solution is that progressively the generated values of the model endogenous variables should approach or attain a specific vector of values. But this
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is not to say that every apparent solution will be a valid solution. At best, such
convergences simply represent a first order condition. To fix ideas, consider
climbing a hill that is known to be among a group of hills, each of which has the
general shape of an inverted parabolic bowl. The top of a given hill can be defined procedurally by the inability to take any additional step that will increase the
climber’s altitude. However, the fact that the top of that hill has been reached
does not imply that it is necessarily the highest of the group. Bear in mind also
that in the case of an economic model solution, as climbers we are blind: the information we are provided is nothing more than that a set of values have been obtained to which the model seems to have converged. Unlike in the case of most
actual hill climbers, we cannot easily see possible alternative solutions and then
judge the facts of the matter by sight. Nor is it necessarily true that the “hills” we
are attempting to climb are, in any sense, “regular” in “shape.” Furthermore,
there is absolutely no reason to presume that any single criterion will define a
valid solution.
In addition, when considering the various issues that are involved, the computational environment the electronic computer provides must also be considered.
One aspect of the Convergence Criterion Value is simply its elemental role. To
begin, it is important to realize that in the context of an electronic computer, there
is always a limited amount of space to store data – in the present context, ”data”
constitute the values of each of the model variables. Numbers are invariably
stored with a limited number of digits of precision. One of the consequences is
that particular numbers (an obvious example being 2 ) will necessarily be truncated. As a result of this type of approximation error and related circumstances,
the electronic computer is capable of representing only a (rather small) subset of
the real numbers, which imposes the need to compute (and evaluate) in a way that
takes account of (and minimizes) rounding and other calculation errors. This circumstance is often unconsidered by computer users, but there is a growing literature that demonstrates that, as an associated characteristic, computer software is
not necessarily numerically reliable [20, 31], quite a part from the truth of the well
know dictum “garbage in, garbage out.”
A characteristic of all the models that have been considered so far is that the
equations of the model include identities that enforce the accounting relationships,
as well as behavioral equations that incorporate parametric values that have been
set based upon a knowledge of the stability requirements of the model. However,
there is also an obvious need for the exogenous variable values to be, in some (as
yet undefined) sense, mutually compatible. Therefore, it is rather obvious a priori
that the initial values chosen cannot be entirely arbitrary, but rather need to be by
some definition mutually “compatible” both with the model and with each other.
The specification of the model, including the incorporated parametric values, evidently places feasibility restrictions on any set of “admissible” initial values, inasmuch as once the “solution” computations begin this specification results in the
generation of the endogenous model variable values that are necessarily conditional upon it. In the case of the Godley and Lavoie models, as just indicated, this
specification also enforces the implied balance sheet and transactions matrix relationships. In summary, it is important to realize that the results obtained neither
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depend solely upon the software used nor the model’s specification, but rather
upon the effective combination of the two.
But what of the evaluation criterion, the Convergence Criterion Value itself?
MODLER’s default value is 0.5%, which, unless modified, is applied to the period
to period changes in value at each iteration after the first for each endogenous
model variable value generated. The implication of course is that the bare minimum number of iterations must therefore be at least 2. Depending upon the value
of each model variable, this period to period change can happen to be large or
small in absolute value, but as a percentage it is obviously uniformly scaled.
However, as Figure 4-3 implies, prior to an attempted model solution the Convergence Criterion Value is not unalterably fixed – the user can supply either a
smaller or a larger value. For instance, it can be set to 0.0001% or, for that matter,
5%. Seemingly, the larger the value set, the more likely it is that the fewer will
be the number of iterations required for an ostensible solution, as a general proposition. Conversely, the smaller its value, the more iterations will normally be required. In fact, it is possible to set this value sufficiently small so that the number
of iterations can become quite large, even 1000 or more iterations per period. Importantly, as we will see, an exception to this rule is if the (vector) value used initially happens to be a true solution value, in which case the model will commonly
solve in whatever minimum number of iterations have been set.
The most interesting case, however, is when the initial test value setting (technically often referred to as the “seed”) is quite different from the actual solution
value. In this case, it is obviously preferable to set the convergence criterion
value “tight enough” so that MODLER does not accept too readily a “false” solution value. At issue is the matter of tolerances, and this issue is far more general
than an economic model solution. For instance, a piston in an automobile engine
must be able to slide easily at each engine stroke, but if the tolerance is too loose,
the engine will not only lose power (compared to a properly set tolerance), but in
an extreme case may also simply refuse to perform, being incapable of supporting
any degree of combustion pressure. On the other hand, if the tolerance is too
small, in an extreme case the engine might seize up. Likewise, when considering
the solution of an economic model, if the convergence criterion is set too loosely,
there is nothing to insure that the model will necessarily converge towards a
proper solution, assuming that such a solution exists. In contrast, if the criterion is
set too tight (the value is set too small), the model possibly will never be accepted
as having solved, leading to a series of error messages to the effect “No convergence in k iterations. Solution Failed.” It is important to realize that among possible behaviors a model can converge smoothly, but it may also narrowly cycle
around a set of apparent “solution” values forever. Only if the convergence criteria are satisfied will MODLER declare a solution to have been obtained. Even if
the criteria are satisfied, there remains the deeper question whether the apparent
solution is actually a “valid” one.
In the case of the models presented in Monetary Economics, as discussed earlier, we may know in advance what at least certain of the steady state values are.
Under this circumstance, it will be possible to compare the solution values obtained with the known appropriate values. However, it is also possible that in-
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stead it will be known that a set of seeming solution values does not represent a
steady-state solution. The issue in this instance is to try to generate a set of solution values subsequently that are the appropriate values. What we always know,
from the previous discussion, is that each of the models so far considered features
a redundant equation that must be satisfied by a proper solution. This information
does not insure that we will always be able to solve any model with such a characteristic, but it does offer some basis for evaluative experimentation. But bear in
mind also that in practice the redundant equation generally will not be exactly satisfied, but only satisfied within a given tolerance (recall the earlier discussion of
the imprecision of numbers stored in a computer).
What should be inferred from this discussion is that the properties of the model
are what necessarily determine its ability to be solved and the characteristics of
any steady state solutions. If the model’s properties are computationally deficient, it generally will not be possible to obtain a valid solution. However, even a
well-formed model may not always be solvable in practice, if (for instance) the set
of initial conditions are not mutually consistent or if the solution control settings
are “wrong.” It is common that some experimentation will be required before a
valid solution can be obtained, at least if the initial conditions represent out-ofsteady-state values. Among the circumstances that need to be examined is
whether the model’s equations are properly stated; transcription errors in the equations not only can cause the model not to solve, but can also cause the software
program used to “crash,” which can be a result during an attempted solution if particular variables take values that are absurd – for instance if a variable that will be
transformed into a logarithm should take a negative value during some iteration.
In addition, even if a model appears to have solved successfully, we also know
that it is not sufficient to simply assume that the solution ostensibly obtained is
valid. Instead, at that point, it is important to stop and assess carefully the properties of the model, compared to the solution values, in order to determine that these
values are appropriate, including even those associated with the model’s otherwise
redundant equation(s). All this is true of even the simpliest models, but it is a fortiori true of progressively larger and more complex models. Such models are often easier to misspecify that simple ones. They may also have properties that are
not immediately apparent.
It would be nice if it were possible to provide fail-safe cook-book instructions
that would guarantee the fool-proof development of a model that can always be
solved and evaluated with a minimum of effort, but the best that can be expected
is to be able to establish certain principles of model construction and evaluation.
Historically, certainly prior to about 1985, economic models were rarely if ever
solved in the sense being discussed here. Furthermore, in order to make them
tractable and comprehensible, theoretical models have in the past usually been
simplified to the point that they offer little in the way of a truly defensible basis
for considering real world economic phenomena. But because these models have
not been numerically solved, it has not always been obvious in what respects they
have been seriously incomplete and otherwise deficient in critical mathematical
respects, leading to inferences at least occasionally being drawn that are not valid.
The models considered in this document should be regarded as being simply
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pedagogic in nature, but it is nonetheless evident that a learning process has been
put in place that might ultimately lead to an advance in economic knowledge. In
the same breath, it also needs to be reaffirmed that even the most complex economic model is necessarily at best an imperfect representation of the behavioral
characteristics of any actual economy, in much the same sense that a model airplane in a wind tunnel is never a true behavioral replica in all critical respects of
the actual airplane it seeks to represent.

Solving the BMW1 Model
In order to clarify some of the issues just discussed, it is useful as a practical
matter to begin by considering the solution of the BMW1 Model, given that the
initial “test” values chosen are the model’s stationary state values. The macro
BMW1.Mac displayed above in Figure 4-1 has the characteristic that the data
bank it references contains stationary state values. As a consequence, once the
model has been defined, saved, compiled, and its solution file created, it can be
solved using these values. However, be sure to set the initial solution period to
1951, although it is not necessary either to change the maximum iterations or the
Convergence Criterion Value. The solution log for this model’s solution is displayed in Figure 4-4.

Figure 4-4. Default Solution With Stationary State Values
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Notice that after the first solution period, which itself requires only 3 iterations,
subsequently only two iterations are required each period. The immediate question is, what does this solution log imply, if anything?
If you next solve the model once again, but this time set the convergence criterion to 0.0001, you will obtain a solution that involves the same number of iterations as shown in Figure 4-4. Furthermore, in the case of both solutions, the values generated for the time periods 2005-2008, in particular, will be the same, the
values shown in Figure 4-5. And not only this, but they will also be the model’s
stationary state values. Furthermore, if you carefully inspect the two model solutions for all the years from 1951 to 2008, you will discover that the choice of convergence criterion in this case makes no difference. As might be anticipated, the
solution values conform rather precisely to the properties of the model. This is an
“experiment” with little inferential power, to be sure, but it does at least confirm
the earlier assertion that a well-formed model can be expected to solve when its
own steady-state values are used as initial values for its solution.

Figure 4-5

Stationary State Values

The next experiment that can be performed is to ask what will happen if, in
1957, the value of the autonomous consumption term, α0, were to be raised from
the initial value in 1951 of 25 to 28 in 1957 and thereafter. Remember that to
make this change, you should first click on the Assumptions menu element of the
Model Solution Manager screen and then the Exogenous Variables (Interactive)
drop down element, which will generate the SimSet form shown in Figure 4-6.
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Figure 4-6 Changing Autonomous Consumption Expenditures
Immediately press the Home key on your keyboard and the leftmost column of
this screen will display the values for 1950. Change the Mode to Repeat and then
click on the value of α0 for 1957. Figure 4-6 should now be replicated on your
computer screen. Then change the base value to 28 and press the OK button on
the “Repeat Base Value Until” form. Next press the OK button on the Simset Solution file Editor screen.
If you then click on Solve and Execute Solution (using the Model Solution
Manager screen), the Execute Solution form will appear. Choose the first solution
period as 1951 and then make sure to set the Maximum Iterations to 50 and the
Convergence Criterion Value to 0.0001 and then press the OK button on this
form. The Solution Results (Solution Log) screen that then appears should look
like the screen shown in Figure 4-7. Notice the similarity to the screen shown in
Figure 4-4 for the “years” 51 through 56, but that the number of iterations required
then jumps to 35 in 1957 and thereafter stays above 10 until 1987, before dropping
to 3 from 1994 until 2008.
Alternatively, you can perform essentially the same solution, but with the Convergence Criterion set to 0.00001, which will yield a slightly more dramatic set of
Solution Log Results. In this case, the number of iterations will rise to 43 in 1957
and uniformly stay higher than in the earlier example until the period from 2000 to
2008. In addition, Ms and Mh will more nearly converge to the same values (or,
alternatively and arguably more properly, YD - C = I - DA), although there will
still be small differences, in large part reflecting the inevitable imprecision in the
computer’s number representation. A potentially related result has recently been
considered in the econometrics literature [32].
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Figure 4-7 Solution With a CCV of 0.0001

The BMWK Model
The BMWK model now to be considered is named in honor of Nicholas Kaldor
and explores the implications of a more closely specified consumption function.
Recall that the BMW1 model just discussed includes the consumption function:
Cd = α0 + α1 YD + α2 Mh-1
where YD is defined as:
YD = WBs + rm-1 Mh-1
which, upon substitution, can obviously be rewritten immediately as:
Cd = α0 + α1 WBs + α1 rm-1 Mh-1 + α2 Mh-1
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This rewriting makes it obvious that one of the characteristics of this consumption
function is that the propensity to consume out of wages, α1, is being treated as
equal to the propensity to consume, α1, out of interest income (rm-1 Mh-1). Behaviorally, either an equal increase in interest or in wage income will have the
same quantitative effect on consumption expenditures. This effect can be considered either as a reflection of the propensities of a representative consumer or, recognizing that this consumption function is an aggregate consumption function, as
stating that those who base their consumption on wage income and those who
might consume only out of interest income from acquired wealth have the same
propensity to consume, α1. Historically, there exists an economic tradition,
closely associated with certain of Nicholas Kaldor’s contributions, that those economic actors primarily identified as consumers and savers might even be different
individuals and, even short of this, might have significantly different consuming
and saving propensities.
An alternative to the consumption function included in the BMW1 model is to
propose instead that the propensity to consume out of wages, α1w, is larger than
that out of interest income, α1r, yielding, once terms have been collected, a specification of the form:
Cd = α0 + α1w WBs + (α1r rm-1 + α2) Mh-1
where each of the parameters, α1w, α1r, and α2, are positive values and, it is assumed, α1w > α1r. Among the possibilities is that α1w and α1r are each positive, or
even that, at an extreme, α1w= 1 and α1r = 0, which Godley and Lavoie identify
with the “so-called classical consumption function,” as opposed to the Kaldorian
which simply presumes α1w to be the larger of these two propensities.
The specification that the source of the income streams, from wage income and
from accumulated savings (wealth), will be associated with different propensities
to consume, causes the BMWK model to exhibit a particular behavioral characteristic, compared to the BMW1 model. Notice the implication that a relative increase in interest income or, what is the same thing, a relative decrease in wages,
results in lower consumption in the BMWK model than in the BMW1 model, all
other things equal. However, it is also the case that the BMWK formulation generally creates a negative impact of an increase in interest rates on aggregate demand, Y, specifically because of the income redistribution effects of such an increase. Godley and Lavoie suggest (p. 246) that “by taking income distribution
into account in the consumption function, we have thus recovered what is considered to be an intuitive result.” However, this intuitive result is most often viewed
as being due to the negative impact of an increase in interest rates on investment
decisions, whereas in the context of the BMWK model notice that investment is
not directly impacted.
An aspect of creating a series of simple models that is worth comment particularly is that this process permits us to consider a range of circumstances that can
yield specific effects that otherwise might be thought to be the entire result of a
different mechanism. In the original Keynesian formulation, consumption was
posited to depend solely upon income – and specifically not on “the” rate of inter-
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est. In contrast, investment was portrayed as directly negatively impacted by a
rise in the rate of interest, which then resulted in lower production and lower income – and because of this resulted in lower consumption. Our models are leading us quite naturally to consider both the specification of individual behavioral
relationships and the implications of the various indirect effects that arise because
of the collective specification of the models’ equations.
As a further aspect of this last idea, it is also pertinent to consider, as do Godley
and Lavoie (pp. 240-245), certain of the implications of both the BMW1 and
BMWK models which operate via the impact of interest rates on wages. Prices
(or, more correctly, the price level) also appear in these two models, but since we
have so elected to keep pr = 1, the stress here will be on interest rates and wages.
One of the characteristics of these two models is that the level of wages is endogenous. The assumption that workers elastically supply their labor, based upon
the demand for labor by firms, is what permits the specification that:
W = WB/N
which, although simplicity itself as a mathematical expression, can be shown (p.
241) to yield (via model interlinkages) the derived result that:

⎡
⎣

W = pr ⎢1 − ( r1 + δ )(

K −1 ⎤
)
Y ⎥⎦

demonstrating that in the BMW1 and BMWK models the average wage is directly
proportional to labor productivity, pr, and inversely related to the loans interest
rate, the capital depreciation rate, and the capital-output ratio. Because prices are
held constant in this model, it is also possible to consider this to be the relationship
between the real wage and these other variables and, in particular, it and the loan
rate of interest. We also have the steady state result that:

[

W* = pr 1 − (r1 + δ )κ

]

Where κ is the steady state capital-output ratio. Notice that by a recollection of
terms this last expression can instead be written as:
W* = pr (1-δκ) - (pr κ) r1
and that it constitutes a linear inverse relationship between W* and r1.
Godley and Lavoie argue that in this model, inasmuch as the holders of the interest-bearing bank deposits receive the income that forms, in effect, the distributed profits of the model ( rm-1 Mh-1, where rm = r1) the wage-interest rate frontier acts in the role of the classical wage-profit frontier. The models therefore
exhibit the classical result that wages and profits are inversely related. Furthermore, “the interest rate has no impact on either short-run income or its steady-state
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value, although it reduces the real wage” (p. 243). They also point out that the
wage rate, as an endogenous variable, not only depends upon the models’ parameters and variable values, but also must always be positive (more strictly, nonnegative) and that this requirement implies that the maximum steady-state rate of
interest on loans must be:
Max r1 =

1 − κδ

κ

indicating that the larger the target capital-output ratio and the capital depreciation
rate, the smaller must be the maximum interest rate value. In addition:
Max (

1
K −1
)=
r1 + δ
Y

An implication is that they models cannot sustain too large a negative economic
shock, since at sufficiently low capital utilization, “… firms would be unable to
pay their workers, for interest payments on their debt would be so large, relative to
production, that they would take over the entire national product” (p. 244).
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Chapter 5 Private Bank Money, Inventories and
Inflation

This chapter corresponds to Chapter 9 of Monetary Economics. It therefore involves a jump from Chapter 7. This is not to say that the material in Chapter 8
will be ignored; it simply will not be treated on its own, but rather in the context of
the models in this and succeeding chapters. The models to be considered in this
chapter represent a considerable move towards a more realistic representation of
particular segments of a functioning industrial economy. For instance, production
and sales are no longer treated as necessarily occurring instantaneously, but rather
as requiring the passage of time. The specific situation varies from firm to firm.
Some production is spoken for in advance, namely production to order, with the
result that the inventories then involved are possible raw materials and work-inprogress inventories. However, in this case, firms do not maintain inventories of
finished goods. But in the more general case, in which firms produce in anticipation of sales, there is a need to consider all three types of inventories. As Godley
and Lavoie point out (p. 284), aggregate demand (AD) stands in relation to aggregate supply (AS) in terms of the representation:
AD = AS + ΔINV
where ΔINV consists of the change in inventories. This equation can be rephrased as a statement of total production by recognizing that AS consists of the
combination of Consumption Goods and Services supplied and Investment in
Fixed Capital, or business fixed investment (IBF). Once the individual items are
properly classified and sorted by type after the fact, we have:
Y = C + IBF + ΔINV
reflecting that a portion of total production is purchased as consumer expenditures,
a portion as business fixed investment and a portion takes the form of a change in
inventories; at present we are ignoring government and net foreign trade. In turn
total business investment is given by:
I = IBF + ΔINV
Obviously, the implication is that the national accounts production identity now
should be interpreted to include a change in inventories term.
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However, the model that Godley and Lavoie present in their Chapter 9 is not
focused on national accounts categories, as such, but instead upon the production
decisions of individual firms, taking into account expectations. They declare (p.
286) “Two fundamental postulates of this model are, first, that firms decide each
period, in advance of knowing what their sales will be, how much (in terms of
physical quantities) they will produce; second, that they set the unit price which
they are going to charge. These production and price decisions are interdependent; the firm must believe that the price it charges is consistent with its expectation
about how many units it will sell, while the whole operation generates profits
which are some target share of sales.” Notice that this model apparently excludes
from consideration both firms that produce to order and those for which the units
produced are capable of being made quickly, more or less in response to demand,
and at a relatively small unit cost. That is, on the one hand, the model excludes
such firms as commercial aircraft producers. On the other, it may also exclude
some firms that produce packaged software, for which the principal costs are design and development costs and the final product can be produced to order.
An interesting contrast is presented if the balance sheet of the model considered
in the previous chapter (p. 219) is compared to the balance sheet of that to be presented in this chapter (p. 285). The most obvious difference is that in the first
model, fixed capital appears as a line item whereas in the case of the present
model the level of inventories appears. Thus, at first sight, it might seem that a
critical difference between the models is only what firms invest in, fixed capital
versus inventories. Actually, as just indicated, what characterizes the present
model is not that one thing is assumed to be produced and purchased, rather than
another, but instead that it addresses the behavior of the firm when the goods market does not clear. Banks appear in this model in a similar way as in the previous
model, except that now the loans that are provided by the banks to firms are provided in order to fund the firms’ inventories, both work in progress and finished
goods. There is also a strong similarity between the transactions-flow matrices of
the two models, with the essential difference being, as Godley and Lavoie point
out (p. 285), that in the case of the present model profits – both bank and entrepreneurial – are assumed to be distributed to households. However, notwithstanding
these similarities, the present and previous models will look quite different in their
behavior characteristics and even a number of their identities.

Model DIS and Its Equations
As indicated in the introduction, the model considered in this chapter differs
from earlier models in its microeconomic focus. The production and pricing behavior of the price-setting firm that produces stocks of goods in advance of sales is
directly characterized. The assumed general inequality of production and sales in
a given time period reflects two considerations. The first is that both production
and sales take time. The lapse of production time gives rise to the existence of
work-in-progress inventories (which can be considered to include the cost of raw
materials as well as fabrication costs). The time between production and sales
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gives rise to the existence of finished goods inventories. However, as Godley and
Lavoie note, these inventories also may express mistaken sales expectations on the
part of the firms.

The Production Decision
Godley and Lavoie characterize the production decision as taking the form:
y = se + ine – in-1 = se + Δine
the lower case letters to be interpreted as expressing physical quantities. The superscript e indicates that the variable expresses expectations. Thus the firm’s production is characterized as based upon expected sales (this period) and expected
(end of period) inventories, relative to last period’s inventories. Inventory expectations are in fact related to expected sales, expressed by:
inT = σT se
where σT represents a desired (or targeted) inventory to sales ratio. Actually, the
firm is assumed always to work towards its desired inventory level, achieving in
any one period only a proportion of the difference between targeted and actual inventory levels:
ine = in-1 + γ (inT - in-1 )
In turn, the change in the physical stock of inventories will be equal to production
less sales:
in = in-1 + (y – s)
Together, these equations imply:
in - ine = se - s
which is to say that the difference between inventories and expected inventories is
equal to the difference between expected sales and realized sales.
However, so far, the way that sales expectations are formed has not been considered. Godley and Lavoie choose to treat sales expectations as adaptive, implying that firms determine their sales expectations based upon the experience in the
past period:
se = βs-1 + (1- β) se-1
which is to say that sales expectations are determined as a linear combination of
last period’s realized sales and that period’s expected sales (β < 1). Notice that
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we could rearrange the terms of this equation so that it more obviously expresses
the idea of adaptive behavior. See also Lovell [19], Metzler [23], and later treatments, such as that by Belsley [2], Childs [5], and Moriguchi[25] for more in
depth considerations of these concepts and formulations. A further qualification
is that:
s=c
where c is the quantity demanded by consumers. This condition implies that the
inventories on hand plus the production during any given period is at least equal to
the quantity demanded during that period.
The production process is further defined by the equations:
N = y/pr
WB = N * W
UC = WB/y
IN = in * UC
where the first of these states the number of persons employed (N) as equal to the
number of units produced (y) divided by labor productivity (effectively the average number of units produced per person per time period). The second states the
wage bill as the number of employees times the average wage. The third is the
unit cost (UC), defined as the wage bill (WB) divided by the number of units produced per time period. Finally, the value of the inventories (IN) (goods in stock)
is equal to the number of units in inventory (in) times their unit cost.

The Pricing Decision
Godley and Lavoie discuss pricing issues in some detail in Chapter 8. One option the firm has is to set the per unit charged, p, by marking up the cost of producing the goods by some amount φ, generally expressed as a percentage in decimal form, based upon the full cost of production:
p = (1 + φ) NHUC
where NHUC is defined as normal historical unit cost:
NHUC = (1- σT) UC + σT (1+ r1-1) UC-1
where σT is the inventories to sales target ratio. Therefore the value of sales, S,
will be equal to the number sold, s, times this price, p:
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S=p*s
In turn, (entrepreneurial) profits stated as net revenue (here equal to the value of
sales) can be computed as the net of the revenue and cost terms:
F = S – WB + ΔIN – r1 -1 IN-1
Which, as net profits, is assumed to be distributed to households each time period.
To the degree that firms are corporations, these distributions will be non-negative.

Banks, Loans and Money
In keeping with the idea that the banking system portrayed by this model involves only private bank money, workers will receive payment in the form of direct deposits to their bank accounts and firms accounts in turn will be directly incremented by loans made by banks. Notice that the loans made to firms will
correspond to the accumulating credit balances of the workers. Similarly, firms’
sales correspond to decreases in the deposits of the workers, as firms are assumed
to accept payment in the form of checks drawn against the workers’ deposits.
The demand for loans by firms will be exactly equal to the total value of the inventories produced:
Ld = IN
and the supply of loans, Ls, will be equal to the amount of loans demanded:
Ls = Ld
The implication is that banks do not restrict credit, but freely lend to the degree
required by firms. Simultaneous, the Money Stock, Ms, will also be equal to the
total value of the loans:
Ms = Ls
Inasmuch as this model characterizes the price setting firm, the banks are assumed
to set both the interest rates paid on household deposits and those charged on the
loans to firms:
r1 = r1bar
rm = r1 – add
Where “add” is an amount subtracted from the interest rate paid by firms, implying that households receive less interest on their deposits than firms pay for their
loans. As a consequence, the profits made by banks can be stated as:
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Fb = r1-1 L-1 – rm-1 Mh-1

Households Income, Money Holdings, and Behavior
Households will receive as income the sum of wages, the profits distributed by
firms to them, and the interest payments on their bank deposits:
YD = WB + F + Fb + rm-1 Mh-1
As there are no taxes in this model, disposable income and total household income
are equal. In turn:
ΔMs = YD – C
The maintained household behavior principle that households consume out of
disposable income and accumulated wealth needs little explanation, as it has become a familiar characteristic of each of the models so far considered. However,
this model involves an important change. For the first time, it is possible that the
price level will change, so that here households are assumed to define their wealth
targets in real terms. Real money holdings equal nominal money holdings, Mh,
divided by the price level, p:
mh = Mh/p
Notice the use of an initial lower case letter to indicate a real quantity, corresponding to the adoption of this convention also to express physical amounts. In
principle, households could set their wealth aspirations in nominal terms instead,
but to do this would imply money illusion. To the degree that prices of goods and
services rise, a given level of wealth buys less of them. The lack of money illusion indicates that households recognize this fact and adjust their behavior accordingly, taking into account that real disposable income is equal to real consumption
plus the change in real wealth:
ydhs = c + (mh – mh-1)
c = C/p
The consumption function, stated in real terms, is then given either by:
c = α0 + α1 ydhs + α2 mh-1
or else
c = α0 + α1 ydhs e + α2 mh-1
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where
and

ydhs e = ε ydhs –1 + (1-ε) ydhs e -1
0<ε<1

depending upon whether or not we wish to characterized consumption as (in part)
defined by current period (Haig-Simons) disposable income or expected disposable income. Notice that we can equivalently write:
ydhs e = ydhse –1 + ε (ydhs –1 - ydhs e –1)
in order to convey better that whenever expectated income last period differs from
the observed, the consumer adjusts his expectations by a fraction of this observed
difference.
In turn, the value of production can be stated as:
Y = s * p + Δin * UC
But as Godley and Lavoie point out (p. 291), this equation is formally superfluous,
since Y is not used elsewhere in the model. If you wish to be able to track total
production easily this equation might be included, but need not be.
The model also has a “hidden” equation, namely:
Ms = Mh
with the important qualification, as before, that it cannot be explicitly included in
the model without over determining it.
Two other aspects of the model, both discussed by Godley and Lavoie (p. 292293), are worth mentioning here. The first is the implication that the model permits firms to determine the profits share of national income, simply by increasing
the mark-up; but this feature is due to the exogeneity of nominal wages. The second is that the firms’ profits objective is stated in terms of a proportion of sales;
this feature reflects the absence of business fixed investment (fixed capital).

Inflation Accounting: Income and Wealth
The general method of deflating nominal values in order to obtain real values
takes the form:
x = X/p
where x is the real variable, X the nominal value, and p is the price level. However, if the real Haig-Simons disposable income is the income variable considered,
this form does not apply. Instead, as Godley and Lavoie derive (p. 293):
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ydhs = YD/p -  תmh-1
 = תΔp/p

Somewhat similarly, the real wealth adjustment equation (p. 294) associated
with this model takes the form:
Δmd = α2{[(1- α1)/ α2] ydhse - mh-1} - α0
which, in the stationary state, where Δmd = 0, implies that the desired household
real money stock is:
md* = [(1- α1)/ α2] ydhs* - α0/ α2

Solving the DIS Model: Basic Properties
Considering model DIS, as just presented, an aspect that deserves notice is the
matter of its “rules of behavior.” The consumer is characterized as making his
expenditures based up a propensity to consume out of both income and wealth,
where the income is expected income and the wealth is the amount of wealth accumulated as of the end of the last time period. This general type of consumption
equation is now familiar from earlier models, except that now the effect is to establish as the real income variable the amount of income that leaves wealth unchanged, with the additional wrinkle that there is also a compensation for the effect of any change in prices – or as Godley and Lavoie phrase it, “Haig-Simons
real disposable income is the deflated flow of regular income minus the deflated
inflation loss” (p. 294). The direct implication is that, in this model, the consumer
is presumed to be aware of the wealth loss that is associated with price increases,
which have the effect of imposing an “inflation tax.” In terms of income, wealth,
and expenditures, the consumer does not suffer from money illusion, as indicated
earlier.
The business decision associated with the level of production and pricing is
also quite specific in this model and might be contrasted with the profit maximizing decision as usually presented in elementary microeconomics courses. In that
context, the firm is usually presented as making a profit maximizing decision on
the basis of marginal cost and marginal revenue. Marginal cost is of course, by
definition, the cost of producing the last unit of output. Marginal revenue is the
revenue directly attributable to the sale of this last unit of output. In the case that
the firm operates in a perfectly competitive market, marginal revenue is equal to
the sale price of this last unit, which follows from the idea that the firm can produce (and sell) without affecting the price that the purchaser pays. In this context,
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the firm is strictly a price taker. Of course, in other market contexts, the sale price
will generally be affected by the quantity that the firm might offer for sale. Usually, marginal revenue will be below average revenue. As usually presented, the
firm faces a downward sloping demand curve and at the point of equality not only
is marginal revenue declining but marginal cost is also rising. Furthermore, notice
that elapsed time plays no part in this description. The “actions” are all effectively simultaneous.
In contrast, in the case of the present model, shown in Figure 5.1, the firm is
explicitly characterized as a price setter, with the price at which it offers its product for sale determined as a “mark up” on its unit cost of production.

Figure 5-1.

The DIS Macro

It is important to absorb fully that the actions here are time sequenced. Production is determined as the sum of expected sales and the expected change in inventories, so that the firm is not only a price taker but also bases its production on a
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prediction – or, more correctly, upon the degree to which it previously correctly
predicted past expected sales. The step-by-step scenario associated with this type
of production and pricing behavior is that, as a consequence of its production and
price decisions, the firm then offers a particular quantity for sale at that price and
then waits for “the market” to determine the quantity sold. Normally, it is to be
expected that actual sales will not be equal to the previously expected sales. The
quantity sold might be above or below the established level of production and to
the degree that one or the other of these outcomes prevails, the firm’s inventories
will then shrink or expand, affecting the next period’s production decision.

Model DIS: Essential Behavioral Characteristics
Considering this model, as Godley and Lavoie demonstrate (pp. 295-298), the
stationary value of (Haig-Simons) real disposable income, ydhs*, can be expressed by:

ydhs* =

α0
1 − α1 − α 2 ∗ σ T ∗ (UC / p )

which indicates that this value will depend upon the long run desired ratio of inventories to (expected) sales, σT; the unit labor cost, UC (=WB/y); the price level,
p; and the several parameters of the consumption expenditures function, α0, α1,
and α2. But do not fail to recognize that whereas the last two of these parameters,
α1 and α2 are categorized as propensity parameters, α0 is autonomous consumption
expenditures. Exogenous changes in any of these values can therefore be expected to affect the long run properties of the model.
Observe also that:
WB = N W
where N is employment and W is the (exogenous) wage rate. Employment is itself characterized by:
N = y/pr
where y is the level of production and pr is labor productivity, the latter also exogenous.

An increase in the Mark-up

The particular way in which the interaction between pricing strategy of the firm
and the consumer’s behavior plays out in the DIS model can be seen by starting
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from a stationary state. Let it be assumed that the mark-up is increased, which is
to say that the price (level) is raised relative to unit labor costs; it involves no loss
of generality to suppose that the price is increased while the unit cost is held constant. Notice that the immediate effect of this change is a decrease in real (HaigSimons) disposable income. In contrast, there is no immediate effect on the expected value, ydhse, and, because of this, the initial consumption decrease occurs
only after a one period lag. Among the effects of this process is to reduce household money holdings. However, in addition, two long-term effects also stand out:
lower stationary levels of real consumption and real income. Consequently, there
will also be lower employment and lower money balances.
Some of these effects can be seen graphically. Beginning from a stationary
state (implied by the values in the DIS data bank that are copied to the DIS
model’s solution file initially), if we assume, for instance, that the value of φ is
raised in 1966 from its previous level, 0.25, to 0.35 and kept at this new level until
2000, the effect shown in Figure is obtained.

Figure 5-2. Short Run Impact of Markup Percentage Change

There is a first period decline in ydhs, followed in the next period by a decline in
c, but the jagged movements progressive damp down, although we are left with
permanently lower levels of both consumption and disposable income.
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The Effects of Other Changes

In contrast, increases in consumption expenditures out of a given level of income
– either in the form of an increased propensity to consume or a rise in autonomous
consumption – will obviously have a positive effect on the stationary state solution. But it is also interesting to consider the effect of a higher ratio of inventories
to sales, σT, in order to illustrate certain of the model’s interactive characteristics.
The effect of raising this value from 0.20 to 0.25 in 1961 and then keeping σT at
this higher level through 2000 is illustrated by Figure 5-3. As Godley and Lavoie
discuss (p. 298-300), the long term effect is essentially achieved by the generation
of increased wealth, inasmuch as the initial increase in the level of inventories
represents a transitory effect. Notice also that initially consumption expenditures
play a following role to the increase in disposable income, as would be expected.

Figure 5-3. A Rise in the Desired Inventory Sales Ratio

Inflation and Interest Rates

In contrast to certain changes, such as a possible rise in the wage rate, which
has no steady state effects (inasmuch as the wage rate has no effect on the parameters that determine the stationary value of real disposable income), changes in the
real interest rate have an impact on the UC/p ratio. However, as such topics begin
to be considered it is important not permit the particular specification of this
model to lead too rapidly to conclusions. It is a given that this model incorporates
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a number of constant parameters, but as we begin to think ahead it is useful also to
examine the logic of their exogenous and fixed role. We might ask, which of
these parameters need to be considered as possible variables?
One way to begin to think about this prospect is to consider more sophisticated
behavioral hypotheses – for instance, that certain economic actors might adjust in
particular ways to certain types of economic changes. For instance, as Godley and
Lavoie posit, it is possible to consider the effect if the banks react to inflation
(specifically, changes in the price level, p) by raising the interest rate on loans so
as to at least tend to keep the real rate of interest constant. As they demonstrate
(pp. 300-301), given that the rate of cost inflation, πc, can be expressed by:

⎛ UC ⎞

⎟⎟ - 1
πc = ⎜⎜
UC
−1 ⎠
⎝
and the real rate of interest on loans supposed to be a constant, rrc, the nominal
rate of interest can be expressed as:
rl = (1+rrc) (1 + πc) –1
letting also, as before, the nominal rate of interest on deposits be equal to the
nominal rate of interest on loans. One of the possible effects is to make changes
in nominal interest rates contemporaneous, rather than to model them as taking
place with a lag.
In addition, the price equations of model DIS:
p = (1 + φ) NHUC
NHUC = (1- σT) UC + σT (1+ r1-1) UC-1
Can be replaced by:
p = (1 + φ) (1 + rrc σT) UC
with an important associated implication being that the ratio UC/p becomes invariance to the rate of inflation.

Wages and Inflation

Wage setting is also impacted by price inflation. A possible assumption is that
economic actors, such as workers and unions, will choose to try to maintain a targeted real wage, which in turn is seen as being a function of both the productivity
level and the actual rate of employment in relation to full employment, Nfe. A
possible formulation is that the target real wage, ωT is expressed by:
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T

⎛W ⎞
ω = ⎜ ⎟ = Ω0 + Ω1 pr + Ω2
⎝P⎠
T

⎛ N ⎞
⎜
⎟
⎜N ⎟
fe
⎝
⎠

and, in addition:

⎛W ⎞

W = W-1 [ 1 + Ω3 (ωT-1 - ⎜⎜ −1 ⎟⎟ )]
⎝ p−1 ⎠
The essential effect of this approach is to endogenize inflation, albeit in a rather
simple way.
An aspect of this formulation that needs to be recognized is the presumption
that wage changes occur at discrete times. Workers consider a real wage target, in
the form of a money wage divided by the price level, but this wage is of course
paid in nominal money amounts that may or may not fall short of the amounts associated with the ideal real target. Meanwhile, the idea that firms set their prices
as a markup on normal historical costs is also retained and this markup has the effect of then eroding the real wage from the moment any wage bargain is struck.
Furthermore, as Godley and Lavoie mention, this formulation does not rule out the
possibility that a given markup may have a negative effect on the level of sales,
hence firms’ revenues. If the model is subsequently further enriched so as to incorporate foreign trade, hence import prices, another competitive element will be
introduced. In addition, a further possibility is that wages might be indexed in
part or wholly, potentially leading to an inflationary spiral.
These changes are sufficient that once introduced the effect will be to have created a variant model. This variant, incorporating the several equations just described, will be called DISINF (DIS with inflation).

Inflation: Neutral or Non-neutral?
As Godley and Lavoie point out (p. 304), the neutrality of price inflation is assured in the DISINF model if real interest rates are kept constant – hence keeping
UC/p constant. In this case, the price level has no effect on the real variables in
the model. They argue that this result is achieved “because we made the hypothesis that households are not being fooled by inflation…When making consumption
or saving decisions, households take full account of the inflation loss, or inflation
tax, which takes its toll on the existing stock of wealth held by households.”
Of course, an alternative possibility is that households could suffer from
money illusion. To probe the implications, they consider an alternative consumption expenditures specification:
c = α0 + α1 yd e + α2 mh-1
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where yd = YD/p. In this case, the steady state value of ydhs* is:
ydhs* =

α 0 + α1ℵmh*
1 − α1 − α 2 ∗ σ T ∗ (UC / p )

where ℵ = Δp/p. Since this variable enters the steady-state formula, obviously
the effect of positive Δp is that inflation results in higher steady-state values for
the real variables. Real consumption, ydhs*, production, and employment are all
higher in comparison. Godley and Lavoie argue (pp. 305-306) that inflation-blind
households “spend more than what is required to keep their real wealth constant -in other words their propensity to save out of properly measured real disposable
income is lower, and as a result their real wealth initially decreases. However, this
lower propensity to save, as predicted by Keynesian economics, leads to higher
real income and output, and hence the new value of steady-state wealth becomes
higher than its initial value.”
The set of equations that form the model DISINF is shown in Figure 5-4. This
set of equations differs slightly from those shown on pages 312-313 of Monetary
Economics, involving in particular a difference in the equation for ydhs. It can be
argued that the equation for ydhs should properly be expressed as a conceptdefining identity, as done in the macro shown in Figure 5-4, rather than in terms of
what is in fact an ex post expression:
ydhs= c+ (mh – mh-1)
which appears as equation 9.23 on page 313 of Monetary Economics. Functionally there is no difference: the performance of the model is unaffected by which of
the two equations is used for ydhs. However, this approach avoids anyone looking
at the DISINF model equations and wondering why and how consumption plus the
change in money holdings determines Haig-Simon real disposable income.
Once having formed and compiled DIFINF and then created a solution file, this
variant model is ready to use. The effect of 2% inflation, compared to no inflation, can be simulated easily. One way to do this, following Godley and Lavoie, is
to change the autonomous term in the target real wage equation, Ω0, introducing a
one-time increase in its value so as to cause the inflation rate to be 2%. The effect is to create worker demand for higher nominal wages, which translates into
“permanent cost and price inflation.” The effect is to set up an imbalance between
the workers’ demands and the target wage rate that otherwise is implied by the
“costing margin set by firms” and the real rate of interest. A transition period ensues during which inflation rises, with the target real wage rate increasing with the
raised employment rate until a new steady state is attained. This process is illustrated in Figure 5-5.

166

Chapter 5 Private Bank Money, Inventories and Inflation

Figure 5-4. The DISINF model macro
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Implications of Endogenous Money
In contrast to the classical idea of a self-correcting economy that has fullemployment as a natural equilibrium, in large part because of the real wage as a
correction mechanism, Keynes argued in the General Theory that, among other
things, an insufficiency of aggregate demand, taken together with the tendency for
wages to be downwardly “sticky,” can be expected to bound the economy away
from full employment. A.C. Pigou [26] argued that this Keynesian result ignores
that the consumption function properly should include wealth. Pigou argued (pp.
344-345) “The classicals, if pressed, would not have denied that, should wageearners not act competitively, but contrive, by means of combination or otherwise,
to set the real rate of wages ‘too high,’ the stationary state would not be one of full
employment. Their essential contention is that in all circumstances a fullemployment stationary state is possible and, if an appropriate wage policy is
adopted, will be secured…” Pigou argued further (pp. 350-351) that, as a consequence of the economic contraction associated with less than full employment,
prices also fall, with one effect being that the value of the stock of real money
holdings rise: “But to the extent to which the representative man desires to make
savings otherwise than for the sake of their future income yield depends in part on
the size, in terms of real income, of his existing possessions. As this increases, the
amount that he so desires to save out of any assigned real income diminishes and
ultimately vanishes…” Because of the increased value of real money holdings and
the effect of this on consumption, aggregate demand will therefore increase, tending to push the economy back to full employment. The original Keynesian formulation of the consumption function as based solely on income, and ignoring the
effects of (real) wealth, plus the Keynesian argument that wages are “sticky”
downwards, were thus seen by Pigou to be the flaws in the General Theory.
This is not the place to consider in detail the entire debate concerning the socalled “Pigou effect” just outlined. However, invoking an early response by Kalecki that a crucial Pigou assumption is a fixed nominal stock of money, Godley
and Lavoie point (p. 308) out that money deposits are “backed by loans made to
firms. These loans, within our simple framework, are determined by the value of
inventories required by firms. If the cost of inventories diminishes, so will the required nominal amounts of loans, and hence so will the nominal amounts of
money balances held by households. In other words, money is endogenous, and
cannot be assumed to remain constant when unit labour costs and prices are diminishing” Godley and Lavoie caution that the model being considered here is “a
highly simplified model.” But perhaps the most important inference to draw,
when considering the arguments of economists is the implicit assumptions upon
which they are based: it is obvious, from even the most cursory consideration of
Pigou’s argument that he assumed a fixed stock of money and that he assumed this
stock to be in the hands of economic agents personally.
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The Role of Expectations
The models considered in this chapter have incorporated expectations in a
rather fundamental way. DIS includes expectations effects both in the production
decision and the consumption decision. DISINF retains expectations as an element of the production decision, even if the (non-expectational) yd appears in the
consumption expenditures equation. Specifically in the case of the production decision, Godley and Lavoie demonstrate carefully that – because sales expectations
are endogenized – in the stationary state of these models, sales equal output and
inventories remain constant. This issue will need to be revisited later, but the interested reader should make sure to read pages 310-312 of Monetary Economics
and might find it interesting to use the models to simulate the results considered
there.
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