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Abstract

NETWORK-BASED MACROECONOMICSA PRELIMINARY INVESTIGATI ON
Vipin Pudiyadath VeetjiPhD
George Mason Universit016

DissertatiorDirector: Dr.Richard E. Wagner

This dissertation studies macroeconomic phenonasn@mergent outcomes of

interactions betweemicroeconomic agents through a production netwbhle first

chapter reformulates SchumpeterOs theory of macroeconomic turbulence. The second
chapter studies the effects of monetary shocks on the distribution of prices. It presents
an agenbased computainal model of dynamics on a production netwditke third
chapterargues for a ONew Austrian MacroeconomicsO, which is the old Austrian
insight that macroeconomi@riables are emergent outconaésnicro interactions,

studied through formal methods and open to empirical investigation. The fourth
chapter discusses the question of monetary stabilization in a network egamomy

which governments cannot directly act upon aggregatahles.



Chapter 1: A Reformulation of SchumpeterOs Cycle Theory

In 1939 Schumpeter proposed a somewhat novel theory to explain the
instability of macroeconomic variables. SchumpeterOs theory however did not
produce a research program, which means that many of the lacunas and limitations of
his theory remain unresolved. In this paper, we develop some central themes of
SchumpeterOs theory, discard certain vestigial elements, and address some

unanswered questions.

1.1  Introduction

One of the longstanding questions in economic theory is how {danr the
movements of macroeconomic variables like output and employment. Over the years,
a wide variety of theories have been put forth to answer the question. Some
economists believe macroeconomic turbulence reflects a failure of the price system.
Othess believe turbulence is a consequence of government interventions into the
smooth working of the price system. Both groups attempt to reconcile the theoretical
notion that the Qinvisible handO coordinates economic plans with the empirical
observation thatnacroeconomic variables are unstable, sometimes violently so.
Joseph A. Schumpeter did not belong to either group. Schumpeter thought
macroeconomic turbulence reflects widespread plan failures, generated by
innovations endogenous to the economic systencrédaonomic turbulence need not

occur because of OfalseO prices or Omissing® markets.
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SchumpeterOs theory of macroeconomic turbulence has three components:
entrepreneurs produce innovations, innovations create local plan failures, and local
plan failuresoccasional generate recessions. Schumpeter wrote flamboyantly on the
first component explaining the motivations of entrepreneurs and the battles these
peculiar species of men fight to produce innovations, which are but new products and
new ways of doinghings. The second component of SchumpeterOs theory is that
innovations disrupt routines and cause some plans to fail. Schumpeter believed
routinesN knowledge of what has worked in the paglay a role in coordinating
economic actions. Schumpeter howeverrditisay much about why routines are
necessary or why prices are not sufficient statistics to coordinate economic plans. The
third component of SchumpeterOs theory is the mechanism through which local plan
failures occasionally produce largeale global fan failures that are recessions.
Unfortunately, he was largely silent on the mechanism through which small micro
changes occasionally produce large macro changes. Schumpeter (1939, p. 87)
observed the Oextreme sensitiveness of capitalism to disturbdntesdnot say
anything about the structural origins of the Oextreme sensitivenessO. None of these
lacunas would be a surprise to Schumpeter, who did not see his exposition as
thorough or complete. In the PrefacéBigsiness CyclesSchumpeter (1939) ssty
OThe younger generation of economists should look upon this book merely as
something to shoot at and start from as a motivated program for further researchO.
SchumpeterOs book however did not produce a research program, and therefore
important questiosiremain unanswered, perhaps even unasked.

In recent years, there has been somewhat of a resurgence of interest in

SchumpeterOs theory of macroeconomic turbulence. Phillips and Wrase (2006) and
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Dosi et al (2010) explain business cycle dynamics using Soét@nian innovation.
Phillips and Wrase (2006) pour SchumpeterOs ideas into a general equilibrium mold
by introducing innovation in a real business cycle model. Dosi et al (2010) built an
agentbased model that incorporates Schumpeterian features likéefreh

innovation. Phillips and Wrase (2006) and Dosi et alOs (2010) model have a small
number of firms, which experience independent productivity shocks. Neither model is
likely to produce plausible macroeconomic dynamics with a large number of lirms.
the US, firm level volatility is on the order of 10% and aggregate volatility is on the
order 1% (Gabaix 2011). The Central Limit Theorem says that in an economy with N
firms, each of which experience independent shocks, aggregate fluctuations will be
proportional to 1/IN. ForPhillips and WraseOs or Dosi et alOs model to explain
macroeconomic dynamics, the US economy would have to have in the order 100
firms, whereas in reality it has about 6 million firms with employ@egell 2001).

From a Schumpeterigoint of view, Dosi et alOs model has the additional weakness
of requiring Keynesian features like a nrorarket clearing wage to produce
unemploymentSchumpeter sketched a theory of macroeconomic turbulence that does
not require notions of Ostickine€3f@arket imperfectionsO, or Oirrational expectations
of investorsO.

One of the reasons why the literature on Schumpeterian macroeconomics is
unable to produce plausible macroeconomic dynamics, with millions of firms, is that
they assume away the structufealations between firms. The Central Limit
Theorem does not hold in an economy in which firms are connected to each other
through inputoutput relations (Acemoglu et al 2012), independent innovations by

millions of firms can scale up to produce macroeroit turbulence. Schumpeter
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appears to have had a netwdadksed view of an economic system, in which the
structure of relations between firms change in response to innovations. In this essay,
we use the structure of relations between firms in a producgitmork to explain

how innovations produce plan failures and how plan failures occasionally generate
recessions. We argue one firmOs innovation disrupts not only the plans of its
competitors, but also the plans of firms linked to the competitor in theigirod

network. Furthermore, small plan failures occasional generate cascades of plan
failures that are recessions due to the critical state of the production network.

In this essay, we develop SchumpeterOs ideas to create a new fork in its
development. Or essay is organized as follows. Sectidhdevelops the central
arguments presented in SchumpetBi3mess Cyclesvhile leaving out vestigial
elements. Sectioh.3 addresses a question about the second component of
SchumpeterOs theory: why do entrepreneurial actions produce local miscoordination
despite the coordinating capacity of the price system? Sdctiatevelops the third
component of SchumpeterOs theooyv Ho local plan failures occasionally generate
recessions? Sectidib explains an error in monetary aspects of SchumpeterOs theory.
Schumpeter assumed new entrepreneurial projects are funded by a change in the price
level rather than a change in the ret rate. This assumption is plausibly false and
unnecessary to derive the primary dynamics of SchumpeterOs model. Béction
contrasts SchumpeterOs theory, with those of Hayek (1933), Keynes (1936), Mises
(1953), Friedman (1964), Lucas (1975), and Ryi#gd986), which presume
macroeconomic turbulence arises from market imperfections, government
interventions, or exogenous shocks. Unlike Schumpeter, the others see

macroeconomic turbulence as a senseless and supererogatory addition to an otherwise
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stablesystem. Sectiofi.7 concludes the paper by asking what macroeconomic theory
might be if it were built from the perspective of tknd Men of Hindustanather

than from the position of the man who left PlatoOs cave.

1.2 A Restatement of SchumpeterOs Theory

Schumpeter begirBusiness Cyclasith a description of the circular flow.
Imagine an economic system as an inpuiput network, with individual firms as
nodes and the linkages between firms indicating their bssiéar relations. Some
firms produce goas for other firms, some firms produce goods for consumers, yet
other firms produce goods for both consumers and producers. There is a flow of
income and a concomitant flow of goods between firms, and between consumers and
firms. The same goods are proddigear after year, in the same ways, at the same
cost. To this serene picture Schumpeter adds three distinct components to generate
macroeconomic turbulence: entrepreneurs produce innovations, innovations cause
local plan failures, occasionally local plemlures generate recessions. In what
follows, we restate SchumpeterOs discussion of each component, at times using a
production network analogy to illustrate ideas.

The first component of SchumpeterOs theory is that entrepreneurs produce
innovations. Enepreneurs have little respect for tradition within the economic sphere
of life. The entrepreneur is a leader, willing to command others beyond the rigmarole
of routine. Entrepreneurs create new products, discover new ways of doings things,
and find new mikets. Schumpeter (1939, p. 85) calls these activities OinnovationsO,
which are not necessarily novel scientific discoveries. Most societies have abundant

scientific discoveries sitting on the shelf waiting to be put into economic use. Water
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mills, for ingance, were common in eleventh century France, however it was only
centuries later that water mills were put to wide industrial use (Baumol 1990).
Innovation is not simply a change in the technique of production, such changes occur
when firms move along éhproduction possibility set due to changes in prices.
Innovation involves the creation of new production possibility sets and new cost
curves.

By operating on a new cost curve, the entrepreneur upsets cost calculations of
competitors, thereby hurting theaconomic interest. Those who are hurt by the
innovation may be willing and able to fight the entrepreneur. Positive resistance to
innovation is matched by equally problematic passive resistance. Raw materials for
new projects often have to be createdrfrgcratch, whereas the materials for routine
tasks are available at every nock and corner. And finally, consumers need to be
trained through advertisement to leave the old and embrace the new (Schumpeter
1939, p. 73). Entrepreneurs fight many battles tkemanovation work.

Entrepreneurs have unique personal qualities, which allow them to see what others
cannot see, and to fight battles that others cannot imagine, let alone fight. The
uniqueness of the personality of different entrepreneurs means thatttomnsp

cannot instantaneously replicate the innovating firm. The innovating firm operates on
a new cost curve or produces altogether new products, while competitors continue to
operate on old cost curves or produce old products.

In the circular flow, ndirm makes economic profits. But once innovation
occurs, the innovating firm may make profits, while competitors make economic
losses. Some competitors may altogether die because the losses become

unsustainable. Others will have to find new ways of doihggs. Competitors
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cannot continue with routine behavior because it becomes difficult to sell the same
old product in the same old way. Firms affected by the innovation must adapt to the
new economic environment. Some firms need to find new buyers pptieeiucts

and new sellers of inputs. Other firms have to change work hours, wage, package
products in new ways, engage in new advertisement strategies, and write new
contracts with buyers and sellers.

The innovating firm disrupts not only the plans sfabmpetitors, but also the
plans of firms related to the competitor in the production network. If the competitor
goes out of business, then firms related to the competitor lose a buyer or seller. Firms
that have a few buyers or few sellers may be adweadtected by the loss of a buyer
or seller. In the extreme case, if a firm loses its only seller of input or buyer of output,
the firm may have to halt production until it finds another seller or buyer. The ease of
finding another seller of input or buyef output will depend on a variety of factors
including the specificity of the product and market conditions. Some industrial
products are specific and have few buyers and sellers. The hypothetical scenario of a
firm with one seller of input is not as i@alistic as it may seem at first. Atalay et al
(2011) document the production network between publically listed firms in the United
States. While highly connected firms like General Motors have more than 40 major
suppliers, the average firm has one or magor suppliers. If a firm with a few buyers
were to lose one of its buyers, the fall in demand may increase per unit costs, which
may in turn adversely affect other buyers. Innovation disrupts plans because of the
linkages between the plans of differéinins in a production network.

Our discussion so far suggests entrepreneurial actions cause some plans to fail,

particular those of competitors and the buysalers of the competitors. Innovations
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causdocal plan failures. However, a recession is not the failure of some plans, it is

the concomitant failure of many plans large enough to register a change in
macroeconomic variables, what Lionel Robbins called Oa cluster of errorsO. The
microeconomic flux genetad by innovation need rétand often does niitproduce
macroeconomic turbulence. The third component of SchumpeterOs theory is how local
plan failures generate recessions, a matter on which Schumpeter is largely silent.
Schumpeter asserted that the cagtaconomic system is extremely sensitive to

small micro changes, but did not say why. In Section 4, we discuss one plausible

structural origin of the sensitiveness of economic systems to small micro changes.

1.3  The Price System, Routines, and Macroeconomicurbulence

Much of macroeconomic theory is an attempt to reconcile the theoretical
notion that the price system coordinates economic plans with the empirical
observation that macroeconomic variables exhibit volatility. The reconciliation has
been attempted in threeays. The first of which is the belief that macroeconomic
turbulence originates from government interventions that disrupt the coordinating
capacity of the price system (Hayek 1933, Mises 1953). The second form of
reconciliation is the belief that the prisgstem at times malfunctions due to
behavioral attributes of investors (Keynes 1936, Blinder 1981). The third form of
reconciliation the belief that macroeconomic turbulence reflects exogenous shocks,
which the price system can do little to prevent (LUt@a5, Prescott 1986). The
analytical efforts of macroeconomists are channeled by the presumption that the price
system is capable of producing a synergy between the plans of different economic

actors. Schumpeter did not share the presumption that precésra&an be) sufficient
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statistics for coordination, and therefore sought no reconciliation between the

invisible hand and macroeconomic turbulence. Schumpeter believed prices are not the
only mechanism of coordination in an economic system, and thet&kr

malfunctioning of the price system is not necessary for miscoordination.

Schumpeter thought OroutinesO play a role in generating coordination, where
by OroutinesO he meant knowledge of what has worked in the past. An economy is not
a wellmixed systen, for instance in the United States, there are six million firms
(with employees) connected to each other through a production network (Axtell 2001,
Atalay et al 2011). Each firm buys inputs from some firms and sells output to other
firms or consumers. la network economy, routines include each firmOs knowledge
of the behavior of its buyers and sellers. In a system without innovation, which
Schumpeter calls the Ocircular flowO, firms do not ponder over Owhat to produce®, Ofol
whom to produce®, and Ofronom to buy inputsO. These questions were settled
yesterday. Firms know whom to buy inputs from, what to produce, and to whom to
sell from knowledge of what has worked in the past. Within the circular flow, mutual
adjustments to exogenous shocks happeargséeable manner because firms have to
forecast the plans of their buyers and sellers within the-gueatity dimensions. For
instance, an increase in the price of an input, due to an external shock, would induce a
firm to substitute one input for an@thgiven its technological possibilities. When
routines have settled fundamental economic questions, price reactions are sufficient to
produce coordination. When firms know what to do from what has worked in the past,
prices tell firms how to do it at tHeast possible cost.

Innovation widens the horizon of decistoraking beyond the prieguantity

dimensions. The product becomes an economic variable, so does the structure of
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relations between firms. Firms do not respond to innovation simply by changing
prices or quantities of their products, but tend to change the way they do things. It is
difficult to foresee how a firm that has gone into making loses due to the innovation
of another firm will respond to the new environment. It may go out of business$e cr
new products, find new buyers or new sellers. Once innovation breaks routines, the
buyerseller relations between firms become an economic variable. Firms need to
make decisions on what to produce, how to produce, and for whom to produce.
Matters onceonsidered settled need to be thought through.

The widening of the horizon of decisiomaking produced by innovation, and
new behaviors that emerge in response to the new environment, make it difficult for
one firm to forecast the behavior of other firavswhose plans its own success
depends. In the circular flow, firms face the problem of determining what to do given
their own reaction functions, and what they know of the reaction functions of other
firms from experience. Once the process adaptatiomtivation begins, firms face
the problem of creating their own reaction functions, knowing well that others are
doing the same. The problem is not one of computing solutions talefeled
problems, but one of imagining the future (Shackle 1972). Thensture of
economic relations between firms and production process within firms remain to be
imagined, created, and adapted to each other. All this means that risk of failure, and
concomitantly the rate of failures, of new plans is greatly increased.alftbe
success of oneOs plan depends on oneOs ability to forecast the actions of those making
competitive and complementary plans (Schumpeter 1939, p. 135). Innovation creates
plan failures because it breaks routines and widens the horizon of deuéaong,

making it more difficult to form mutually consistent plans. The price system cannot
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produce coordination in areas beyond the pgigantity dimension; the disruptions

produced by an innovation must be solved by discovering new routines.

1.4  Networks, Self Organized Criticality, and Macroeconomic Turbulence

In the United States, every year, tens of thousands of new firms are created
and millions of individuals change jobs (Axtell and Guerrero Forthcoming). In a
typical year, nearly a third of those empkd move from one firm to another (Fallick
and Fleischman 2004). Nearly half of these workers change jobs across broadly
defined industries (Bjelland et al. 2011). About a third of those employed move from
employment to the unemployment pool, and a coatgamumber move in and out of
the labor pool (Fallick and Fleischman 2004). All this means that the US labor force
churns over more than once in a single year. Furthermore, there is great variety within
the flux. Some workers change jobs frequently, atihetain jobs for decades. Some
firms die prematurely, others live long lives (Phillips and Kirchhoff 1989). Some
products are greeted with joy, others rejected without consideration.

Change not constancy is the characteristic feature of economic syigtienos.
economic flux is an ordinary working property of economic systems. Yet recessions
and depressions are rare occurrences, macroeconomic variables often exhibit stable
movements despite much flux in the micro economy. An economy is a bit like a
tropicd river, with macroeconomic variables as the surface and microeconomic
variables as the body beneath. Sometimes the surface of a tropical river exhibits great
temperance despite much turbulence beneath them. At other times micro turbulence

catches up to tnmacro level. The problem of turbulence of macroeconomic variables
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is not that of why the Oprice system fails to produce stability®, but Ounder what
conditions micro flux becomes macro turbulenceO.

As to how microeconomic flux becomes macroeconomic terioe is the
third component of SchumpeterOs theory. In the previous sections, we discussed how
innovation produce local plan failures, but it remains to be explained how local plan
failures occasionally produce recessions, which are the concomitarg fafilemany
plans. Unfortunately, Schumpeter did not say much on the matter, except for some
pregnant remarks. Schumpeter (1939, p. 87) notes economic systems can be
extremely sensitivity to small micro changes, however he did not explain what
structural fetures determine the responsiveness of macroeconomic variables to
microeconomic changes. Schumpeter (1939, p. 102) also observes that the
macroeconomic effects of innovation are Oindependent either of the size of the
innovating firm or firms or of the imptance of the immediate effects their action
would in itself entailO. But he did not explain why large micro changes are not
necessary to produce large macro changes. In this section, we introduce the idea of
self-organized criticality as a bridge betweeritm flux and macro turbulence, and
propose Kauffman and JohnsenOs (1991) NKC model as a useful way to conceptualize
Schumpeterian dynamics.

What are the structural properties of an economic system that determine the
distribution of the cascades of planldires in response to innovations by individual
firms, such that there are some cascades large enough to register movements in
macroeconomic variables? In the years since SchumpeterOs writings, physicists (Bak
et al 1993) and biologists (Kauffman and Js#m1991) have shed light on the

conditions under which systems tend to be sensitive to small changes, and what that
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means for the evolution of system level variables in response to changes in the parts
of the system.
System8l physical, biological, or ecmmidN can be in one of three states:
sub-critical, critical, or supecritical. A system is said to be in a saititical state
when small changes in parts produce small changes in the properties of the system. In
a subcritical state, large microhanges i@ necessary to produce large macro
changes. A system is in a swgeitical state when small changes in parts produce
large changes in the properties of the system. A system is in a critical state when
small changes in parts produce changes of all sattbe system level. While most
micro changes produce small macro changes, some micro changes produce large
macro changes. Often external tuning of parameters is necessary to hold a system in a
critical state. However, for some systems the critical sted@ attractor, they self
organize into a state of criticality, without external tuning of parameters. A
prototypical example of a critical system is a sand pile, as explained in the following
passage frordcheinkman and Woodford (1994, pp. 418).
When te slope of the pile is nowhere too steep, dropping on additional grains
of sand at randomly chosen sites has no macroscopic effects, as at most small
numbers of grains will shift position in each case. However, randomly
dropping on additional sand will emtually result in the slope of the pile
increasing to a critical slope, at which point large avalanches can occur in
response to the dropping of a single additional grain of sand. A sand pile with
a slope that is initially greater than the critical slajs® evolves toward it. In
this case through an immediate large avalanche that collapses the pile. Thus
while the existence of macroscopic instability without large external shocks
depend upon a particular critical slope, the system endogenously evolves
toward exactly that state.

But does an economic system, like a sand pile, exhibit macro movements of all scales

in response to small micro changes? Benoit Mandelbrot (1997) finds many economic
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time series have fractiike qualities. Macroeconomic times == like stock indices
are more like a coastline than a razor blade. A microscopic view of a razor blade
shows many irregularities and much roughness. However, as we zoom up, the
irregularities begin to even out and disappear, till finally one sees ghstsaiarp
edge. A coastline is a very different object. A view of a coastline from a cliff shows
an irregular boundary with many curves, these irregularities however do not disappear
as we view the coastline from higher and higher altitudes. Ratherhat lailgitudes
new irregularities are injected, smoothness is never found. Some macroeconomic time
series, like output and employment, are not measured at frequent enough intervals to
subject them to fractal analysis. However, many series that are meagtrbah
frequency show fractdike properties. For instance, the S&P 500 Index at scales of
an hour, day, year and decade looks very similar to the naked eye. The irregularities
and roughness in economic time series do not disappear with an incrégesanre
scale; rather new irregularities are injected at every time scale. There are recessions of
all scales: hourly, daily, weekly, yearly, and over a century.

The existence of perpetual micro economic flux (as indicated by labor
dynamics and firm dyamics) on the one hand, and the fratikad nature of economic
time series on the other hand, suggest economic systems are in a critical state. In a
critical state, small micro changes like the discovery of new products, new markets,
new ways of doing tinigs, are capable of producing recessions and depressions.
Though most entrepreneurial actions will register little change in macroeconomic
variables, some actions will produce cascades generating recessions. As to which
entrepreneurial actions generateassions is difficult to predict because the attributes

of the actions themselves are not sufficient information to answer the question.
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Whether an action generates a large cascade depends on the state of different parts of
the system, their interelations and where the entrepreneurial action originates.

Schumpeter appears to have had an implicit notion of an economy as system
exhibiting selforganized criticality. Little is known about why an economy may self
organize into a state of criticality. Theneao economic models linking up
entrepreneurial actions with the state of an economic system. There is however a
model of biological evolution which comes precariously close to developing a relation
between innovation and macroeconomic turbulence. Kaafema Johnsen (1991)
present the NKC model of biological evolution. The NKC model is an extension of
KauffmanOs NK model. In the NK model, each organism is characterized by N
attributes. The organism evolves by searching for better traits along N dinsension
However, the attributes are not independent of each other, the influence of an attribute
on overall fithess depends on the presence or absence of complementary attributes.
Needless to say, the nature and degree of complementarities can be quite.intricat
Kauffman cuts the Gordian knot by assuming that the influence of each of the N traits
on overall fitness depends on K other traits. The greater the K relative to N, the more
rugged the fitness landscape of the organism, with many local maxima.

The NKCmodel extends the NK model by allowing the fitness landscapes of
different organism to be related to each other. The contribution of an attribute of an
organism to its fitness depends on C attributes of related organisms. When a butterfly
develops slipperfeet, it becomes profitable for the frog to develop sticky tongue. As
the reader may have observed, the NKC model can be readily adopted to develop a
model of Schumpeterian dynamics. The fitness landscapes of firms in an economic

system depend on the ditrites of related firms. Innovation changes the economic
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opportunities available to other firms. Wh&ppledevelops a new laptoppple
changes the opportunities availablévizrosoft In Kauffman and JohnsenOs (1991)
model of biological evolution, undeertain parametric conditions the system self
organizes into a critical state. A model of economic evolution along these lines
remains to be built. It is likely that the topology of the production network between
firms, and the processes through whichrtb&vork evolves, plays a role in the

movement of an economic system towards a critical state.

1.5 A Monetary Problem in SchumpeterOs Theory

Our development of SchumpeterOs theory in the previous sections made no
mention of money or credit. We believe twe of SchumpeterOs theory are the
relations between the plans of different economic agents, and the changes in these
relations due to innovation. In a morRaging economy, plans are necessarily
monetary plans. Furthermore, in a credit using economys pidhtend to involve
saving or borrowing for different periods of time. The problems that arise from the
disruption of plans due to innovation can in principle explain the movements of real
variables and monetary variables, which are but different aspeetonomic plans.
The question of how monetary variables and monetary institutions respond to plan
failures is beyond the scope of this paper. All we intend to do in this section is to
point out that SchumpeterOs own development of his theory to erpladgy and
credit variables is beset with difficulties. In particular, Schumpeter assumes new
projects are funded by the creation of purchasing power by banks and concomitant
inflation. Not only is the assumption false in general, but also it plays nmrole

producing the principle dynamics Schumpeter describes.
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Schumpeter (1939, pp. 102 3) thought he had developed a manetary
theory of macroeconomic turbulence, where by @nonetaryO he meant a theory in
which the evolution of monetary variables dagds on the dynamics of real variables
and not the other way around. In SchumpeterOs (1934, p. 239) view insolvency, credit
failures, and other monetary problems are a consequence of real problems. Though
monetary variables can influence real variabledhe business cycle dynamics is
set in motion by innovation.

In Business Cycleschumpeter (1939, p. 111) begins the discussion on
money and credit by noting the difference between setting up a new production
facility in a socialist economy and a capgieconomy. In a socialist economy, the
central authority issues orders to withdraw resources from existing projects and use
these in the construction of a new project. In a capitalist economy too resources are
shifted from old to new uses. But whilearsocialist economy new orders cancel old
orders, in a capitalist society new orders come on top of the old ones. This happens
because banks in a capitalist economy issue new credit to finance new projects. And
in so far as bank credit circulates as pusalg power, resources are drawn away
from old projects by inflation. Schumpeter goes on to add that if saving rather than
inflation finances innovation, the capitalist process would be analogous to the
socialist one.

SchumpeterOs presumption that innowdt a capitalist economy must
necessarily be financed by newly created credit is simply not true. It is indeed true
that new projects proposed by entrepreneurs to banks increase the demand for
loanable funds, but this will tend to produce an increasigeimate of interest (White

1999). Resources move from old projects to new projects because some old projects
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are unprofitable under the new higher rate of interest. Firms release resources for new
projects by abandoning unprofitable old projects. In sagahere is such a thing as a
market for loanable funds, resources will tend to be allocated to new projects through
changes in interest rate, not price level. Schumpeter (1939, p. 32) did not want interest
to play the same role in his theory that ins¢idid in MisesOs (1953) theory. In

attempting to take distance from Mises, Schumpeter came precariously close to
Keynes. For Keynes, interest rate does not clear the market for loanable funds because
it clears the market for liquidity. Schumpeter like IKeg presumed the market for

loanable funds functions without a price.

This problematical aspect of SchumpeterOs theory can be wholly expunged
without affecting its foundation or edifice. In previous sections, we describe the basic
mechanisms of Schumpefs theory without any mention of money or credit.

Problems that arise from the disruption of routines due to innovation are not
dampened, let alone eliminated, if the market for loanable funds is cleared by interest
rate. The coordination problems thasardue to breakage of routines as consequence
of innovation are independent of mechanisms through which resources are made

available for the innovation.

1.6 OThisworldly® and OOtherworldly® Theories of Macroeconomic
Turbulence

By OotherworldlinessOEI mean the belief that both the genuinely Oreal® and the
truly good are radically antithetic in their essential characteristics to anything

to be found in manOs natural life, in the ordinary course of human experience,
however normalhowever intelligent, and however fortunate. The world we

now and here knol various, mutable, a perpetual flux of states and relations

of things, or an eveshifting phantasmagoria of thoughts and sensations, each

$+!



of them lapsing into nonentity in the vempoment of its birthl seems to the

otherworldly mind to have no substance in itE (Lovejoy 1936, p. 25)

In The Great Chain of Beind\rthur Lovejoy (1936) distinguishes between Qthis
worldlyO and OotherworldlyO modes of thinking. To the otherworldly ménaiorld

outside the window appears as a pale replica of the eternal, an imperfect instantiation
of the perfect. Most theories of macroeconomic turbulence are otherworldly, in the
sense that they view instability of macroeconomic variables as a senseless a
supererogatory addition to an otherwise stable system. These theories are founded on
the belief that a Owell functioning® price system creates perfect coordination, disturbed
only by market OimperfectionsO, government interventions, or shocks thateorigi

from outside the economic system. In this section, we discuss Hayek (1933), Keynes
(1936), Mises (1953), Friedman (1964), Lucas (1975), and PrescottOs (1986) theories
to illustrate their shared presumption of stability as the norm and turbulence as an
aberration.

Mises (1953) and Hayek (1933) claim business cycles occur because monetary
disturbances distort interest rates and prompt investors to launch unsustainable
investments. While Mises (1953) argues monetary disturbances are produced by
centralbank interventions in the market for loanable funds, Hayek (1933) argues
private banks too can produce monetary disturbances by creating credit. What is
central to Mises and HayekOs cycle theories is the miscoordination that arises due to a
wedge betweerhe interest that would have prevailed in a baetmmnomy and the
interest realized in a monetaggonomy. The interest rate wedge reflects an

imperfection of the economic system.



Like Mises and Hayek, Keynes (1936) traces the origins of business
fluctuaions to problems related to market for loanable funds (Leijonhufvud 1979).
Keynes (1936) believes interest does not clear the market for loanable funds because
interest clears the market for liquidity. While for Hayek the market for loanable funds
is the bose joint of an economic system, for Keynes it is the broken joint. For
Keynes, the problems of an economic system are not limited to a market without a
price, but extent to markets that sometimes produce the OwrongO price. The
spontaneous working of tmearket at times produce prices that do not reflect the
underlying economic reality, due to reasons related to the psychology of investors or
market structure (Blinder 1981, Mankiw and Reis 2007). The difference between Othe
prices that emerge from markatéractionsO and Othe prices that reflect economic
reality® measures the imperfection of the economic system.

In contrast to Mises, Hayek, and Keynes, the market for loanable funds is not
central to FriedmanOs (1964) theories of macroeconomic vol&tilggman (1964)
argues that under some circumstances an excess demand for money can produce a
decline in output. The quantity theory of money suggests excess demand for money
has no impact on output if the price level fully adjusts. Yeager (1997) argupsdé
level does not fully adjust because money does not have a market of its own. Changes
in the price level require changes in the price of all goods, which are necessarily slow
and time consuming. In the interim, output declines in response to tbesedemand
for money. For Keynes (1936) macroeconomic volatility originates from a market
with a missing price, for Friedman (1964) it originates from a price with a missing

market.
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While FriedmanOs analysis focuses on the demand side of money, Lucas
(197) argues that macroeconomic volatility arises from problems on the supply side
of money. In LucasOs Islands Model economic actors find it difficult to decipher
changes in relative prices from changes in price level. The extent of the signal
extraction prblems depends on the lag with which information on the money supply
is available to economic entities. Relative price misperception leads to inoptimal
decisions, which in turn produce boom and bust cycles. Prescott (1986) develops a
theory of business cyes, which differs from Lucas (1975) on two counts. One,
Prescott argues macroeconomic volatility can emerge from Oreal® productivity shocks
as well as monetary shocks. Two, Prescott believes individuals do not make inoptimal
decisions due to imperfect infoation, rather the economy responds to exogenous
shocks by moving along an equilibrium path to the new steady state.

Despite their differences, Mises, Hayek, Keynes, Friedman, Lucas, and
PrescottOs theories presume the price sisifeitnwvorks wellN is cgable of
dovetailing the plans of different economic agents, a peaceful interlocking of
expectations of different economic actors. They share the belief that macroeconomic
problems arise because of market imperfections, government interventions, or
exogenas shocks. In contrast, Schumpeter viewed turbulence as an ordinary feature
of an economic system, rather than a supererogatory addition. Schumpeter did not
think the price system creates eternal coordination. Innovation produces plan failures,
which occamnally cascade to clusters of failures that are recessions. While most
macroeconomists take the serene world of perfect coordination as the building block
of their theories, Schumpeter built his theory with the microeconomic flux that

characterizes an egomic system. In this sense, Schumpeter offers aHdyO
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theory of macroeconomic turbulence. Schumpeter (1939, p. 87) does not see the day
to-day drama of economic life as an aberration, but as the very foundation of
macroeconomic phenomenon, aslakped in the following passage.
Surely, nothing can be more plane or even more trite common sense than the
proposition that innovation, as conceived by us, is at the center of practically all
the phenomena, difficulties, and problems of economic lif@pitalist society
and that they, as well as the extreme sensitiveness of capitalism to disturbances,
would be absent if productive resources flowesdther in unvarying or
continuously increasing quantitatesvery year through substantially the same
channels towards substantially the same goals, or even prevented from doing so
only by external influences. And however difficult it may turn out to be to develop
that simple idea so as to fit it for the task of coping with all the complex patterns
with whichit will have to be confronted, and however completely it may lose it
simplicity on the way before us, it should never be forgotten that at the outset all
we need to say to anyone who doubts is: Look around you!
1.7  Concluding Remarks
In the Preface tGeneral TheoryKeynes (1936) says the book has been a
long struggle to escape the classical mode of thinking. Despite KeynesOs conscious
attempts, it was perhaps Schumpeter, not Keynes, who managed to break out of the
classical mold. A characteristic fead of classical, neoclassical, Keynesian, and
modern macroeconomic thinking is the presumption of stability as the truly real and
the world of change as ephemeral. For the philosophers of the enlightenment, menOs
desire for change and love of novelty vaasobject of contempt, so much so that the
desire for change was thought to be a pathological idiosyncrasy (Lovejoy 1936). The
enlightenment philosophers were merely walking in the footsteps of Plato. In the
Republi¢ Plato tells the story of men living ancave, with their necks and legs
fettered, able to see only in front of them. The source of light is a long way up behind

their backs. At the entrance to the cave, there are objects of all kinds placed on a low

wall like that of puppeteers. The men ie ttave, only seeing shadows of the objects,
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come to believe the shadows to be the real thing. As the sun rises in the morning and
sets in the evening, the shadows change size and shape, though the real things remain
unchanged. Classical economists tookdénee analogy to heart. Most economists see

the changes that characterize the ordinary course of human experience as mere
shadows of the genuinely real.

In PlatoOs story, one of the cave dwellers is released from his fetters and taken
to the entrance. Heomes to see the objects whose shadows he has seen all his life.
After which, he comes back to cave to meet his fellows, still tied to their fetters.
Macroeconomists theorize from the position of the man who left PlatoO cave and
happened to see the unchiauggstable reality. The modern way out of the cave is the
econometric technique of filtering trends from macroeconomic time s&tiesk(and
Wattson 1988)Most macroeconomic theorists believe our world is a transient
imperfection of the real world reflesd in the trend. Macroeconomists look upon the
flux in microeconomic system with suspicion and the turbulence in aggregate
variables with contempt. Macroeconomic analysis seeks to identify the mechanisms
that produce a difference between the world of gbaand the changeless.
Macroeconomic policy attempts to shape our world along the contours of the eternal,
to dampen macroeconomic turbulence so that economic time series look more like the
trend.

The perspective of the man who left PlatoOs cave isenohlj position from
which one can theorize. An old Indian tale tells the story of six blind men, each of
whom approached a different part of the elephant. One thought he had found a wall
upon touching the broad and sturdy side of the elephant. Anotheyhthloe found a

snake upon touching the trunk. The others thought they found a rope, a fan, a tree, and
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a spear. What would macroeconomic theory be if theorists took the position of the
Blind Men of Hindustamather than the man who left PlatoOs caveifficult to

tell, but macroeconomic theory would probably look somewhat different. The twin
facts of microeconomic flux and macroeconomic turbulence will have to taken as the
real, for that is all we know about reality. There is no sense in which arspeak of

the world outside the window as the pale reflection of something else, for the ordinary
course of human experience is all we know, it is all we must work with. From the
position of the man who left PlatoOs cave, microeconomic flux looks madhéik
shadows that change as the sun go about its path. From the positioBlaidHden

of Hindustan the flux is the real object.

As to how one proceeds from here is an open question. One way forward is to
postulate that microeconomic flux emergesrfnmenOs desire for change, sometimes
for its own sake. As Shackle (1972, p. 238) says, the world of the circular flow is so
boring that ONot even the Economic Man could endure to live in such a prison
without wrecking®. One manQs desire for change négassacks another manOs
peaceful stability, for the economic plans of different individuals are related through a
production network. There is no reason to presume economic actors make plans with
the intention of dovetailing with the plans of othersslindeed true that we all like to
play in a concert, but it equally true that far too many of us want to be the first violin
(Wagner 2010). Competition is a rivalrous process (Hayek 1948). Disharmony of
interests is the very modus operandi of economic e The tapestry of an
economic system is spun from the threads of harmony and discord. SumafOs
Waris as much a book on economic life as Frederic BasEati®mic Harmonies

The harmony, discord, and change in microeconomic plans are seeds of
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macroeconomic turbulence. From the position ofBlved Men of Hindustan
macroeconomic theory would be an analytical bridge between microeconomic change

and macroeconomic turbulence. A bridge that remains to be built.
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Chapter 2: The Effects of Moretary Shocks on the Distribution of Prices

Empirical evidence showsonetary shocks have two temporary effects on the
distribution of prices: the dispersion of prices increases and some prices change in the
QvrongQdirection. We present a model that produces the observed relations between
monetary shocks and the distribution of prices. In our model, firms are related to each
other through a production network. New money enters the economy through some

firms and perolates to other firms through demand and supply linkages.

2.1 Introduction

We develop a model economy in which the distribution of prices exhibits two
forms of temporary monetary nareutrality. Monetary shocks produce an increase in
the dispersion of fires and some prices change in the OwrongO direction: positive
monetary shocks produce a decrease in some prices. These features are derived in a
framework in which all firms exhibit optimizing behavior, charge madkearing

price, and do not suffer fromoney illusion.

Our model is built on the standard model of monopolistic competition in the
market for intermediate goo@Bixit and Stiglitz 1977)Firms are related to each
other through a production network in which each firm buys inputs and sells output to

a subset of firmgGualdiand MandeR015. Each firm minimizes cost to determine

' This chapter is cauthored with Davoud Taghaejad
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the proportions in which to buy inputs from its suppliérsepresentative household
buys goods and sells labor. Once the model economy converges to a steady state, we

study how the distribution of prices responds to monetary shocks.

A monetary shock occurs through a change in the nominal wealth of a subset
of firms. Firms change prices sequentially as the shock propagates through the
economy via demand and supply relations of the production network. In the short run,
price dispersion increases because different firms change prices at different rates and
at different times. In the long run, price dispersion returns to thslpwek level as all
firms change prices equiproportionally to the change in the economyOs stock of

money.

Some prices temporarily change in the OwrongO direction because some firms
experienca negative demand shock as a consequence of a positive monetary shock
to the economy. The reason for why a monetary shock can produce demand shocks of
the opposite sign has to do with the flow of money in the production network. After a
positive monetarghock, prices change sequentially as new money flows through the
production network. Some firms are hurt because their input prices rise before their
output price. These firms lower demand for inputs, their suppliers experience a
negative demand shock aconsequently decrease prices. An injection of money in a
subset of firms can lead to a temporary decrease of prices in another subset of firms

because of the network of relations between the two sets of firms.

The twin effects of monetary shocks on therihstion of prices, produced
here within an abstract framework, bear more than a surface of resemblance to the
relation between money and prices in the US economy. Empirical evidence suggests
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that monetary shocks produce an increase in the dispersioa ofosssection of
prices(Belton Jr, Cebula & NaiReichert 2002, Hammoudeh, Nguyen & Sousa
2014) and some prices fall in response to expansionary monetary qiBosks

Klenow & Kryvtsov 2003, Lastrapes 2006, Balke & Wynne 2007, Baumeister, Liu &
Mumtaz 2013).Previous economists have developed mechanisms that generate an
increase in price dispersion in response to monetary shocks, but no one has yet

developed a model in which some prices changesr@rongXdirection.

In pioneering paperSheshinsk& Weiss (1977)andCalvo (1983)developed
models of staggered price adjustments in which price dispersion increases in response
to monetary shocks. In these models, firms adjust prices at different frequencies
because prices are sticky and the degreaaiirséss varies across firmSims (2003)
endogenized heterogeneous price stickiness with a model in which firms change
prices at different rates because they receive information with different time lags. The
principle empirical shortcoming of heterogengatickiness models is that prices do
not change in the OwrongO direction in response to monetary shocks. In heterogeneous
stickiness models all prices change in the same direction, albeit at different rates.
Arguments for why different prices move at dint rates, though necessary, are not

sufficient to explain the empirical reality.

Our model is able to produce price changes of the opposite sign of a monetary
shock because of the presence of a production network. In this sense, our paper is
similar inspirit to recent work in which production networks play a central role in
producing macroeconomic phenoméhausmann & Hidalgo 2011, Wagner 2012,

Acemoglu et al. 2012, Caalho 2014, Hisano et al. 20155ome of the central themes
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of our paper go as fasdack afantillon (1755) Edgeworth (1887), Keynes (1932),
Schumpeter (1954, p. 111®owever the most explicit statement of the ideas
developed in this paper is foundhfises (1949, p. 410ps illustrated by the

following passage.

... we must neverofget that changes in the quantity of money affect prices in

an uneven way. It depends on the data of each particular case at what moment
and to what extent the prices of the various commodities and services are
affected. In the course of a monetary expaménflation) the first reaction is

not only that the prices of some of them rise more quickly and more steeply
than others. It may also occur that some fall at first as they are for the most
part demanded by those groups whose interests are hurt.

Secton 2.2 presents the model. Secti@dB discusses the resulection?.4 offers

concluding remarks.

2.2  The Model

We introduce monetary shocks in a production network model developed by Gualdi
and Mandel (2015) . The structure of the production network is as follows. There are
a finite set of monopolistically competitive firms and a representative household. We
denotethe set of firms byM ={1,...,m} , the representative household by the in@ex

and the set of agents By ={0,...,m} . Each firmi's production technology is given

by a C.E.Sunction nested in a CobDouglas function.
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where x; is the quantity of labor used the number of notabor inputs, and; the

guantity of inputj used in the production process. Each-tador input can be used

interchangeably in the production process, as in standard models of monopolistic

competition in intermediate goods markiethier 1982, Romet990)

The representative household supplies a constant quantity of labor (normalized

to 1) and has preferences represented by a-Oobiglas utility function of the form

m

u(x,...x ) =" xi" ° . She spends . proportion of her income on goddwhich

i=1
means that she consumes a positive quantity of each good.

The firms interact with each other through an inpuiput network. The

production network is defined by an adjacency ma&ix (g, ;), ,,,, such that

a ! 0if jisasupplierof anda =0 otherwise. LetS(A)! {j" M |a  #0}

denote the set of supplier of firm the production function of firm can be specified

as:

1%

fi(XO’(Xj)j!SI(A))zx(’;( $ XT)7 (2)

I'S(A)

The general equilibrium of the econori®fA) with production networkA is as

follows.
Definition 1: A general equilibrium of the econonty( A) is a collection of prices
(p,,--»p)! 1Y, production leveldq,,...,q.)! ! ', and commodity flows

(Xi*,J')i,j=0,...,n! ! Y"M such that:



a. Markets clear.
L NG =# (X)) (3)
i=0

b. The representative consumer maximizes his utility.

(6.(%,),. ) is asolution to

rT(laximize U((%)=.) Subjecttol pix " w, 4)
XO,J j=1..n ' n j:l ‘

where w is the wealth of the representative household. Household wealth is the sum

of wage it receives from all firms.

c. Firms maximize profits.

Lin M,(qi*,(x;j)j,.a(A)) is a solution to

maximize p g ! "X . subjecttog ! f((x ).
PG '(&,J)J! S(A) pl qI JﬁA) pJXIyJ Su JeC Oq| f| ((X|,J)] Q(A)) (5)
Time is discrete and indexed by ! . Each ageni! ! is initially endowed with a

wealthw’! ! _and a quantity of outpug’ ! ! . The initial weights of the

production network is defined by the matX = (/ ° )

J where! . represents the

ij"N?

share of agent's expenses directed towards ag¢nfThe initial assignment of

weights is random, subject to the constraint that" (0,1) and # ! i =1$i" M
i"s(A)
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The aggregate variables are emergent outcomes of the interaction between

firms over time, asefined by the following sequences of events.
a. Each agent begins with a random initial wealt ! (0,1) and random initial

outputg ! (0,1).

b. Each agent receives demandgf / i’jvvt. :
"N

c. Given demand ! i’jvvtj and outputq' , the market clearing price for firmis
"N

Hw
wh = i'N '

p' : (6)
g

Since outputg; is a function of/ and! , so too are prices.

" "

W W
qit+1:qt! qt+ fi(%’( J;)t |)j#§(A)) (7)

0 i

d. Every time step, firms compute new optimal input weights by minimizing the
cost of production. The input weights deternmiosv firms divide their
demand among different suppliers to whom they are connected. The optimal

weights are the solution to the following optimization problem.

reort
maximize f (—,(—") .5 (o) Subjectto # !, =1 (8)
ol 'S ,

Pty t )
Torl’ jidirgm o i i"S(A)

We instantiate population of agents on a network and allow them to interact using
the decision rules described above. Once the economy reaches steady state, we inject

money into a subset of agents. New money is divided among the selected firms in
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proportion to their exting wealth. We study the evolution of the distribution of

prices as new money percolates through the network.

The model is written in Python programming language. Model code is
available at https://biticket.org/VipinVeetil/cantillonA version of the moel is also
available on the Pythebased modeling platform Agebtased Computational
Economics (ABCE). ABCE version of the code is available at
https://bitbucket.qg/DavoudTaghawiNejad/cantilloABCE can be downloaded and
installed from https://gitub.comDavoudTaghawiNejad/abc@ppendix A presents a
pseudo code. Appendix B lists the parameters of the-bgset simulation model.
Appendix C describes the data produced by model simulation, which are plotted in

the following section.

2.3 Results

Resultl: Price dispersion temporarily increases in response to money
injection.

Evidence and DiscussioRkigure 1 presents the time series of coefficient of
variation (CV) of prices o&d sample runs. The-axis represents time steps. Thaxts
represents the\Cof prices. New money is injected at time step 50@ CV of

prices temporarily increases in response to the money injection.

Figure 2 presents the responsiveness of the CV of prices to different money
injections. The »axis represents money injectionaaproportion of existing stock of

money. The yaxis represents proportion change in the CV of prices in response to the
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money injection. The CV of prices increases in response to money injection: all y
values are positive. Furthermore, the greater thesgnomection, the greater the

increase in CV of prices.

Figure 3 presents the responsiveness of the CV of prices to a money injection
with varying proportion of agents who receive the initial money injection. As the
proportion of agents who receive théial money injection increases, the
responsiveness of CV of prices decreases. When all agents receive an
equiproportional increase in moneydxis value equals 1), monetary shock does not

change the CV of prices.

The mechanism behind the temporary iaseein price dispersion in response
to a monetary shock is the following. The agents that receive new money increase
demand for inputs. The suppliers of these inputs raise prices. This begins a whole
sequence of price changes. Initially, as the money dpitbaough the economy, price
dispersion increases as some agents change prices, while others charge old prices. In
the long run, money percolates to all agents, the economy reaches steady state, and

price dispersion returns to its level before money tigac
Result 2:Some prices temporarily fall in response to money injection.

Eviderce and Discussiorigure 4 presents time series of changes in prices.
The xaxis represents time steps. Thaxts represents proportion change in prices
between consecuvtime stepgrigure4 shovs some prices temporarily fall in

response to a money injection.

Figure 5 presents the distribution of price changes after monetary shock. The

X-axis represents proportion change in prices between consecutive time steps. The y
&'!
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axisrepresents normalized frequen&ygures 5 shos/some prices decrease in

response to a nmey injection.

The mechanism behind the fall in some prices is the following. Imagine a
system with four firms? , !, / ,and! , as shown in Figuré. The arows between
firms indicate the direction of the flow of demarid.buys input from! , I buys
inputs from! and! . Suppos€ receives a money injection, and as a consequence
increases demand for inputs frdm The increase in demand férs output leads to
an increase in the price éf's output. Sincé buys inputs from! , /' experiences an
increase in price of an input. The increase in the price of an input produces a
substitution effect and an income etfeéthe substitution effect increaséss demand
for ! 's good. The income effect decreases demand for 's good. If income effect
overwhelms the substitution effect, thenexperiences a decrease in the demand for
its output (a negative demand shock) and consequently decreases its price. Ultimately,
a money injection il leads to a decrease in the price of the good producéd by
In the model economy, as to which firms decrease prices depends on the network of
relations between firms. For instande may notdecrease its price in response to a
decrease in demand fromif / experiences a compensating increase in demand
from another firm! (not in Figure 7). As to which firms decrease their price is

determined which firms receive and the network of relations between firms.
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0.14 Varying monetary shocks
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Figure 6 Relations between firms



2.4  Concluding Remarks

This paper has been an attempt to explain the observed effects of monetary
shocks on the distribution of prices. Our solution is built on economic agents who do
not suffer from money illusion, so that the hypothetical experiment of a proportional
expansionn the nominal wealth of all agents produces no change in the distribution
of relative prices. These rational agents are placed on a production network in which
they make decisions based on prices of inputs and output. In this setting, monetary
shocks prduce an increase in price dispersion, and some prices fall in response to an

expansionary monetary shock.

In order for our solution to carry any conviction, it has been necessary to adopt
a framework simple enough to permit a clear understanding oathe tmechanisms
at work. To obtain this simplicity, most features of the US economy have been
abstracted from, with two notable exceptions: monetary shocks are inhomogeneous
and firms interact with each other through a production network. These two $eature
have proved sufficient to develop a preliminary understanding of why the distribution

of prices changes in response to monetary shocks.
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Chapter 3: Towards a New Austrian Economics

Austrian macroeconomists of the interwar period saw the economy as a
complex adaptive system, in which macroeconomic variables emerge from the
interaction between millions of purposefully acting agents. Recent advances in
computation technology allow us baoiild empirically salient synthetic economias
silico, and thereby formalize many Austrian insights. We present a workhorse model
with firms on a production network. Macroeconomic variables evolve through the
interaction between micreconomic decisiondVe use the model to explain why
some prices temporarily decrease in response to money injection. We also provide a

sketch of other potential applications of our production network model.

3.1 Introduction

In standard Neoclassical and New Keynesian D&@Eroeconomic models,
the US economy of 6 million firms and 120 million workers is treated as a Robinson
Crusoe economy of one household. Major shortcomings of such an approach have
become obvious with its inability to explain the housing boom and regtitiancial
crisis and recession of 20@B. Only since the crisis have macroeconomists begun to
recognize that complex market interactions among a multiplicity of agents might be

important for explaining aggregate outcomes (Gabaix 2011, Acemoglu et2al 201

' This chapter is cauthored with Lawrence H White.
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The Austrian tradition in macroeconomics, by contrast, stresses that the
movement from micro to macro involves an increase in the complexity of the
phenomena under study (Lewis 2012, Axtell 2014). In his Nobel lecture F. A. Hayek
(1989), referring spdfically to the problem of explaining unemployment in a
recession, emphasizétat Othe social sciences, like much of biology but unlike most
fields of the physical sciences, have to deal with structures of essential complexity,
i.e. with structures whoseharacteristic properties can be exhibited only by models
made up of relatively large numbers of variables.O To exgit@inomena of
organized complexity we need more than statistical relations among aggregates as
used in standard macroeconomics. The ptaseof a complex interactive system
depend not only on the properties of the individual elements of which the system is
composed, but also on the relations between the individual elements.

Here lies a challenge. Can we write down models made up ofrlargeers of
agents, explicitly and reasonably specifying the manner in which they interact, that
yield emergent results reproducing the characteristic properties of a macroeconomy?
The models that Austrians like Friedrich Hayek, Ludwig von Mises, Joseph
Schumpeter, and more recently Roger Garrison (2001), have traditionally employed
to understand business cycles have been almost entirely verbal and graphical. Here we
propose that progress can be made in understanding the organized complexity of the
macroecoaomy by building agerbased models, which we can calibrate and use to
simulate macroeconomic time series.

We call this approach ONew Austrian Macroeconomics.O In the sections that
follow we discuss the background and motivation for the approach, provide the

specific working example of a OworkhorseO algased macro model that displays
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short run monetary neneutrality (TaghawiNejad and Veetil 2016and consider the
prospects for modifying the model to capture other macroeconomic phenomena.
3.2  The Austrian School of Thought in Macroeconomics

The term Oschool of thoughtO is used to refer to two distinctlae
sociological entity and an intellectual entity. A sociological school of thought has one
master and one doctrine, with a core group, zones of influences, and outer fringes. An
intellectual school of thought is a closely connected web of ideas anhwiembers
share a pranalytic vision, agree on Owhat are the questionsO, and do not differ
gravely on practical wisdom (though they may differ on public policy). The
Ricardians of nineteenth century were a school of thought in both senses. So too were
the early Keynesians, with Keynes the masterG@seral Theoryhe doctrine, and
core group gathered at Cambridge. The early Keynesians shared a belief in the need to
save the capitalist economy from itself, and in the ability of petiekers to do so
with macroeconomic policies acting upon aggregate variables. The hydraulic machine
built by A. C. Phillips stands as an emblem of these beliefs (Barr 1988).

The Austrian macroeconomists of the interwar years, especially if we include
Schumpeter in the grpudid not constitute a school of thought in the sociological
sense. Schumpeter, Mises, and Hayek were all masters in their own right. Their
spheres of influence were different. Mises produced some disciples in the United
States. But neither Schumpeter kayek produced men more faithful to their Master
than their Science, an achievement in its own right.

The Austrians did however form a school of thought in the intellectual sense.
Schumpeter, Mises, and Hayek and their followers shared the belief that

macroeconomic turbulence was a consequence of plan failures. Lionel Robbins
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famously characterized a recession as Oa cluster of errors.O But they differed on its
origins, mechanisms, and consequences (Veetil and Wagner 2015). Schumpeter,
Mises, and Hayek saan economy as an ecology of interconnected plans (Wagner
1999, 2012). Austrian business cycle theory is essentially a theory of why and how
plan failures arise in an economic system. For Mises and Hayek, plan failures arise
when the price system is digted by central bank intervention. For Schumpeter, plan
failures arise when innovation disrupts routines. Schumpeter, Mises, and Hayek were
concerned with the origin, propagation, and resolution of miscoordination among the
plans of economic agents.

Mises(1934) and Hayek (1931, 1939, 1941) constructed their theory of the
business cycle from British Curren8choolOs ideas of se#fversing monetary
disturbances, combined with the Swedish economist Knut WicksellOs distinction
between market and Onaturaltes of interest and the earlier Austrian economist
Eugen von BshnBawerkOs capital theory. The key to explaining the Ocluster of
errorsO was to show how monetary disturbances that distorted interest rates prompted
investors to launch unsustainable investits. Thedistortion of the interest rate
produces a mismatch between the plans of savers and the plans of investors. The
time-profile of consumable output that the business sector as a whole is planning no
longer matches the publicOs planned-finaéile of savings and consumption across
the same periods. Investment is especially skewed toward the Oearlier stagesO of
production, meaning projects such as mineral extraction, heavy industry, and building
construction that will yield consumable output omyrelatively distant future
periods. The economy is too OttyeavyO with activity far removed in time from final

consumption, because those are the most inteeesitive activitiesExpectations of
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profitability based on a distorted interest rate sigmalbound to be disappointed

(Hayek 1933). The mismatch is revealed in the bust that occurs when a cluster of new
investment projects cannot be profitably completed once the interest rate returns to
equilibrium are finally terminated (for a succinct stagmt of the Mise$layek cycle

theory see White 2012, pp.-82).

While Schumpeter agreed with Mises and Hayek that recessions refleet large
scale plan failures, he differed on its origifir Schumpeter, plan failures arise
because of the continuajéction of new entrepreneurial plans into the drama of
economic life. The discovery of new products, new markets, and new ways of doing
things upset cost calculations, which lead to the failure of some plans. One plan
failure can lead to the failure of aher plan, producing cascades of failures. The size
of the cascades of plan failures depends on the state of the system. Schumpeter did
not develop a theory of what determines the size of cascades, but noted that the
capitalist system can be extremely s&vesto small changes (for a concise statement
of SchumpeterOs theory, along with some clarificatory notes, see Veetil 2016).

Though Schumpeter, Mises, and Hayek differed on the origins of
macroeconomic turbulence, they all saw macroeconomic variabéeseagent
outcomes of microeconomic interactions. The Austrians sought microeconomic
causes of macroeconomic variability. While modern macroeconomics began its quest
for micro-foundations in the 1970s (Weintraub 1979), Austrian macroeconomics was
always mico-founded. The Austrians did not accept as explanatory any theory
without human agency, in which macro variables act upon each other, asinthe Y =C

+ 1+ G + NX or MV=PQ account of a macro economy.



Schumpeter, Mises, and Hayek recognized that theastten between
economic agents produce phenomena that may not be present at the level of
individuals, or even in smaller groups, because scale matters (Hayek 1964, Axtell
2006).In complex systems, scale matters because individual elements are
interdependet and seHorganizing, and the nature of relations between individuals
changes as the number of elements in the system gésvshould expect the
macroeconomic phenomena of an economy with 1 individual to be very different
from that of an economy with O0million individuals.

Social regularity does not require individual regularity. For instance, the size
distribution of firms in the United States is relatively stable, though on average every
month a hundred thousand firms are founded and equal nunadtiepse (Axtell and
Guerrero Forthcoming). Similarly, in the United States, the flux in the labor market
dwarfs the changes in aggregate employment. In a typical year, nearly a third of those
employed move from one employer to another (Fallick and Flesat2004). Nearly
half of these workers change jobs across broadly defined industries (Bjelland et al.
2011). About as many workers, move from employment to the unemployment pool,
and a comparable number move from and to the labor poor (Fallick and Flamschm
2004). All this means that the US labor pool churns over more than once in a single
year, a frequency that labor economist Robert Hall (1999, p. 1151) calls
Oastonishingly highO. Despite the immense churning, aggregate data on distributions
of labor flowvs exhibit discernable properties.

Macroeconomic stability can emerge without the fixity of micro economic
entities. Furthermore, it can emerge without the central limit theorem, which does not

apply in a complex economy because the behavior of microsgommtities is not
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independent from one other (Acemoglu et al 2012). The stability of macroeconomic
aggregates reflects deep underlying social processes, which involve the structure of
interactions between economic agents. The structure of relationsebeta@nomic

agents emerges out of agedecisions, for instance the topology of the production
network of the US economy is an outcome of local decisions of millions of firms.
Concomitantly, agerevel decisions are influenced by the structure of ralatio

between agents, for instance the profitability of a firm (or its very existence) may
depend on the profitability of a supplier, and on the decisions of a supplierOs supplier.
There are microfoundations to macroeconomics and macrofoundations to
microecommics. Where Omacrofoundations of microeconomicsO means the impact of
different structural relations between microeconomic agents on the dynamics of
macroeconomic aggregates. Schumpeter, Mises, and Hayek were ahead of their time
in thinking of the economgs a complex adaptive system, in which the structure of
relations between firms matters. This is the key OAustrianO element in what we call
New Austrian Macroeconomics.

We do not intend to suggest that Schumpeter, Mises, and Hayek agreed on all
matters dsignificance. Among other issues, the three had different views on
macroeconomic policy. Mises came closest to a laifsez policy outlook. Hayek
proposed active bank policy to prevent the-aetiplification of a depression through
a cumulative proces what he and other Austrians called a secondary depression
(White 2008). Schumpeter (1939, p. vi) remarked that his own Oanalysis can in fact be
used to derive practical conclusions of the most conservative as well as the most
radical complexionO. Thieree Austrians differed less on matters of practical

wisdom. Neither Schumpeter, nor Hayek had much faith in the ability of government
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spending to prod an economy out of recession, as exemplified by the following
passage from SchumpeterOs (1936, p. 89w of KeynesGeneral Theory

The less said about the last book the better. Let him who accepts the

message there expounded rewrite the history of the French ancien

regime in some such terms as these: Louis XV was a most enlightened

monarch. Feeling theecessity of stimulating expenditure he secured

the services of such expert spenders as Madame de Pompadour and

Madame du Barry. They went to work with unsurpassable efficiency.

Full employment, a maximum of resulting output, and general

wellbeing oughtd have been the consequence. It is true that instead

we find misery, shame and, at the end of it all, a stream of blood. But

that was a chance coincidence.

3.3 What is New in ONew Austrian MacroeconomicsO?

Economics is by its nature a quantitative science. Much of the economic world
presents itself in form of prices and quantities, which are numerical explananda. What
is to be done to explain them is a difficult methodological question. A famous
controversyof sorts exploded in thiglethodenstreior dispute over methods between
the Austrians and the German Historical School in the late nineteenth century. In the
usual caricature of the dispute, Menger and his school championed theoretical
economics over negeneralizable history, while Schmoller championed historical
economics over arid theory.

Whatever may be the actual details of the dispute and the verdict of the
historians of economic thought, the notion of a conflict between theory and empirical
work isunhelpful. Theory is no doubt indispensable. As Marshall (1897, p. 119)
noted, one cannot go from the particular to the particular without going through the
general. The collection of data is often shaped by some implicit or explicit notion of

the workingof the economic system. For instance, the development of national

income accounting is closely associated with idea that aggregate variables act upon
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each other, and can be acted upon through government policy. Yet at the same time,
facts about the worldhevitably enter any explanatory theory. Empirical observations
give the theorist parameters of individual behavior and institutional circumstances
that describe the initial conditions of the system. Useful theory is colored by data, and
useful data by thew.

Economists face the problem of building empirically salient models to explain
reality. Numerous examples from the history of economic analysis indicate that there
are benefits to building models in formal languages (Schumpeter 1954). The
application ofcalculus and other mathematical techniques has yielded useful results
not reached by verbal means or freehand diagrams. This is no surprise. Unlike
mathematics and computer programs, natural languages did not emerge to solve the
problems of science. It dfficult to state ones assumptions precisely in a natural
language, and to carry on scientific discourse without getting bogged down by having
to recreate Owhat the author had in mind®. Mathematics and computer programs make
arguments explicit and testabFurthermore, in so far as economic arguments involve
assumptions about parameters of various kinds, formal language forces the economist
to make the parametric assumptions explicit. Argument made in natural languages run
the risk of changing parametassumptions from paragraph to paragraph, or worse
still from sentence to sentence.

Hayek (1943) was critical of the inappropriate use of mathematical methods to
study social sciences. It is indeed true that the success of a technique used in one area
of knowledge does not guarantee its success in another area of knowledge. But
conversely it does not guarantee its failure. Just because higher mathematics were first

used by physicists does not mean that Othere is anything specially OphysicalistO aboutC
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them(Schumpeter 1954, p. 18). It is as much a folly to exclude a tool, as it is to use
one, simply because it is used elsewhere. It is sensible to study economic systems
Ousing tools dictated by the character of the economy, not those that dictate the
economys characterO (Axtell 2007, p. 119). However, the origin of a tool has little to
do with whether it suits the character of an economic system.

Mises (1949, p. 31) was right in saying that the Oexperience with which the
science of human action have to dedh is always an experience of complex
phenomenaO. And it is an error to generalize from a case study. But MisesOs (1949, p.
31) inference that the Oinformation conveyed by historical experience cannot be used
as building material for the constructiontb&oriesO does not hold when we consider
historical experience in its broadest sense. The pure logic of choice does not exhaust
economic theory. Useful economic theory is the logic of choice with certain
observationally based auxiliary assumption aboaiirdividuals who make these
choices, and certain empirically based assumptions about how individuals interact.
The economic theory of human interactions must of necessity be built on the
information conveyed by broad historical experience.

All this mears that economic theory can be tested in two distinct ways. The
parametric assumptions that enter economic theory may be evaluated for their
empirical accuracy. And the steps that use the parametric assumptions to produce
economic outcomes may be testedthair logical validity. Often, it may not be
possible to perform the two tests separately because historical data about all
parameters may not be available. Therefore the economist faces the problem of
jointly-testing the logical validity of her argumeiatisd the empirical validity of the

historical assumptions that enter her argument at different stages. There is nothing
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apodictic about economic theory that goes beyond the pure logic of choice. Economic
theory constitutes Oplausible reasoningO aboutitesicircumstances and social
processes (Polya 1968), mere conjectures by human beings far simpler than the
system they study.

None of this is to deny the observation made by Hayek (1941, 1943) and
Mises (1960) that social sciences begin with knowledgeawailable to the physical
scientists. Social scientists theorize about human actors whose decaiomg ways
are to some extent accessible through introspection. When the social scientist looks
upon an economy as if he were looking at bacteria irtragsgh, she throws out
knowledge of great significance. But it would be a pity to throw out all other
knowledge and merely use the knowledge that we have of other human beings in light
of being humans ourselves. Reflecting on the economic problemssufiated
Robinson Crusoe is not a basis for understanding phenomena eageiitisystems.
In the midst of such complex problems, there is little reason to rule out any promising
technique, method, or tool before giving it a try. ONewO Austrian macrogcsim
therefore simply the old Austrian insight that macroeconomic variables are emergent
outcomes for microeconomic decisions, studied with formal tools, open to empirical

investigation.

3.4  Agent-based Modeling and Mw Austrian Macroeconomics

While Schumpeter, Mises, and Hayek produced significant insights on the
workings of an economic system, they did not built formal models of economic
processes that generate the statistical properties of empirically observed time series

(Stock and Watson 1998). iBhs as much a criticism of the masters as of Galileo for
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not having built the Hubble Telescope. The technology was simply not available to
build the models that Hayek (1989) presumably had in mind when he spoke of
Onodels made up of relatively large nuenbO of systematically connected agents

The most advanced technology of the interwar years was differential and difference
equations. While differential equation models of aggregate variables may capture the
time-series properties to be explained, fromAarstrian point of view differential

equation models do not by themselves constitute an explanation (Boettke and Veetil
2016).

It is only towards the very end of the twentieth century that the technology to
study Hayekian ideas about complex systems btgdavelop. These came to be
known as agerbased models. Ageitased models have the potential to Ocreate
contemporary analyticsO for Austrian macro (Opera and Wagner 2003, p. 98). An
agentbased model is syntheticeconomy populated by purposefully b&ing agents,
who make decisions based on limited information. The agents interact on networks,
and sometimes form networks through bottomprocesses. In agelnhsed models
economic actors can interact with each other, and are not limited to interaitting
vectors of prices (Kirman 1997). The economic agents populating the synthetic
economies may be consumers, firms, workers, government officials, and other
decisionmaking entities.

A typical agertbased model has three parts (Macal and North 2016)firkh
part is a specification of individual agents. This includes description of their cognitive
characteristics, access to information, and goals, all of which may vary across agents.
The second part is a specification of the process of interactiomsdreigents. And

the third part is an environment through which or with which agents interact. The

(!



artificial economy is run forward in time and the data that emerges from agent
interactions is collected for inference (Axelrod 1997). Agsaged models are
particularly useful to study problems that involve variables that are too few or too
interdependent to make statistical mechanics appropriate, but too many to use
nineteenth century mathematics (Weaver 1948). For a primer onlzgsad models

see:http://www?2.econ.iastate.edu/tesfatsi/ace.htm

Agent based models are useful to study systems that are difficult to
characterize through analytical methods. Some systems resist full descriptigithrou
equations, while others are difficult to study by manipulating equations (Axtell 2000).
For example, economists have studied a variety of phenomena including political
competition by applying HotellingOs (1929) model of competition between two firms
fadng customers uniformly distributed along a line. But competition seldom occurs
over just one attribute. Theoretical and practical questions call for a generalization of
the Hotelling model along muldimensional space. However the model cannot be
generaked using analytical methods because when firms choose both location and
price, it becomes difficult to compute the areas they serve. By using instead an agent
based approach, Ottirloffler et al. (2015) generalize the model of spatial
competition. Thegreate a synthetic economy with many firms who make both price
and location choices. Agebased models are a gengpalpose technique.

As Hayek (1964) recognized decades ago, scale matters in social systems.
There are good reasons to believe that thesstal properties of aggregate variables
in an economy with 100 firms will be very different from that of an economy with
100,000 firms. Today, we can build synthetic economies that arechll replicas of

real world economies. Consider AxtellOs ()22#ntbased model of firm dynamics,
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which populates a synthetic economy with 120 million workers. The workers form
firms because team production yields productivity gains. However, team production
creates problems too. Workers have an incentive to stmickmonitoring is costly. As
team sizes grow larger, some workers shirk, which incentivizes others to shirk. Such
firms produce low output per worker, causing some workers to leave for other firms
or form new firms of their own. Under some parameteriadtams, this simple
dynamics reproduces over twdozen facts about firm and labor dynamics in the
United States. These facts include firm size distribution, flow of workers from one
firm to another, monthly creation of new firms, and-dgstribution of frms (Axtell
andGuerrero Forthcoming).

A number of other agefitased model have been estimated to fit empirical
data. Dean et al (2000) provide an agasted model that empirically fits the cultural
dynamics of the Anasazi civilization. Geanakopolod €@12) fit several aspects of
pre and post crisis housing market dynamics using an-agsetl model. Samanidou
et al (2007) fits several financial market time series using an-agsatl model. For a
discussion on the empirical validation of agbasednodels see Windrum et al
(2007), Alfarano et al (2005), and Janssen and Ostrom (2006). For a discussion of the
micro-consistency of agetitased models that fit macroeconomic variables see Le
Baron (2016).

Agentbased modes are typically estimated by satioih (McFadden and
Ruud 1994). Estimation by simulation of agbéased models works in the following
manner. One defines a distance between model output and real world data. The
distance may be absolute value, sum of squared errors, or higher order snakhtmt

multiple outputs, the distances between the different outputs of thelagatd model
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and real world data must be weighted. After defining the distance, one runs multiple
iterations of the model and changes parameter values to decrease thedweighte
distance. Some, if not most, parameters of an dogsed model are defined at the
level of the individual. Changes in individdalel parameters alter individual
behavior, which in turn changes the interactions between individuals and the
aggregate vaables that emerge from these interactions. We can estimate the
parameters as long we have more data than parameters. McFadden and Ruud (1994)
discuss how to estimate models without closed form solutions if we do not have many
individual observations, biave data on several higher order moments. These are
problems of yesteryears. We live in the world of big data. Axtell (2001) presents data
on the population of firms in the United Stated, a matter that was well beyond the
dreams of yesteryear economistte have data on the inpatitput network for a
subset of firms in JapaM{zuno et al 2014and for all publically traded firms in the
United States (Atalay et al 2011).

Specification searching and pdsic model construction threaten the
robustness of amntbased model simulations, as they do to traditional econometric
results (Leamer 1978). In a two parameters model that produces one time series, it
may be possible to grsearch the parameter space and select the combination of
parameters that minimizae distance between model output anrdample real world
data. A largescale macroeconomic model of the US economy may involve a dozen or
more parameters, and will produce several dozendenes. The question of
judgment enters the problem of parametgtimation. What should be the weights
attached to errors associated with different time series? Should employment weigh

more than inflation? Which parameters should be changed in which combinations?
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Estimating parameters of an agéased model requirggdgment. As long as the
judgments are transparent, robustness is open for assessment.
3.5 A Workhorse New Austrina Macro Model: with an application

In this section, we describe a OworkhorseO-ageet model (for an
extensive account see Taghawejadand Veetil 2016) built on the standard model of
monopolistic competition in the market for intermediate goods as generalized by
Gualdi and Mandel (2015). Firms are related to each other through a weighted
production network. The weights of the networkresent the proportions in which
firms buy inputs from each other. Each firm makes decisions based on local
information. Profit maximizing firms determine prices as in standard models of
monopolistic competition. Given factor prices charged by their suppfiems
minimize cost to determine the proportions in which to buy inputs. Prices and
network weights emerge from the interactions between optimizing firms. In this
section, we illustrate some of the basic functionalities of the model, and to motivate
its future use for studying other macro economic problems. The model is about 800
lines of code written in Python programming language and is available at

https://bitbucket.org/VipinVeetil/cantillan

Economists have long recognized that monetary shocks change the
distribution of prices (Cantillon 1755, Edgeworth 1887, Keynes 1932, Mises 1949).
But most theoretical models of monetary s@utrality do not produce one of the
observed relationships abaubnetary nomeutrality: some prices temporarily
decreasen response tpositivemonetary shocks (Bils et al 2003, Lastrapes 2006,
Balke and Wynne 2007, Baumeister et al 2013). Our production network model

produces a fall in some prices in response t@aay injection. In what follows we
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describe the process of money injection, present evidence, and explain the mechanism
for the temporary fall in some prices.

New money is injected in some firms by increasing their nominal wealth.
These firms increasedhr demand for inputs and thereby increase the nominal wealth
of their suppliers. The money spreads through the network as firms change their
demand and supply decisions. Figdngresents a histogram of price changes five
time steps after a monetary shqakL0% increase in the stock of money). Tkexis
represents proportion change in prices, for example 0.25 means the price is 25%
greater than the price before money injection. Hagig represents normalized
frequency. Some values of theaxis are negtive because some firms decrease prices
in response to a money injection in the economy.

The intuition behind the decrease in some prices in response to a money
injection is the following. Imagine a system with four firrasb, ¢, andd, as shown
in Figure8. The arrows between firms indicate the direction of the flow of denzand:
buys input fronb, ¢ buys inputs fronb andd. Suppos@ receives a money injection,
and as a consequence increases demam@®®putput. The increase in demand'for
outpu leads to an increase in the priceb@foutput. Since buys fromb, ¢
experiences an increase in price of an input. As todw@sponds to an increase price
of an input depends on the income effect and the substitution effect. The income
effect wouldcausec to decrease the demand for the input it buys fdoithe
substitution effect would causdo increase the demand for the input it buys fibm
If the income effect overwhelms the substitution effect, thesduces the demand for
the input it buydrom d. If creduces demand for the input it buys frdnthend

experiences a fall in the demand for its output. In response to the fall in deiand,
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reduces the price for its output. Ultimately, a money injectianl@ads to a fall in
price of the god produced byl. In the model economy with one thousand firms, as to
which prices fall depends on the network of relations between firms. For ingdance,
may not decrease its price in response to a decrease in demardffibexperiences
an increase in demand from another femot in Figure8). The topology of
interaction between firms, and the firms through which money is injected, determines
which firms decrease prices, by how much, and for how long. Mises (1949, pn 410)
the following passage describes the mechanism our model lays out:

...we must never forget that changes in the quantity of money affect

prices in an uneven way. It depends on the data of each particular case

at what moment and to what extent the primiethe various

commodities and services are affected. In the course of a monetary

expansion (inflation) that first reaction is not only that the prices of

some of them rise more quickly and more steeply than othengy

also occur that some fall at firas they are for the most part
demanded by those groups whose interests argitalits added)
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Figure8: Sample relations between firms ip@duction network
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3.6  Open Questions: Three Potential Applications of Our New Austrian
Macro Model

First, our workhorse model can be developed to study MisesOs (1949) ideas on
business cycles. The version of our model used to study the effachetary shocks
on the distribution of prices does not have capital goods, time structure of production,
or interest rate, all of which can be introduced into the model. Firms may use capital
to produce goods, with different kinds of capital lasting fffiedent time periods; one
way to do this is to incorporate heterogeneous depreciation in capital goods as in
Veetil (2016).

Firms may be connected to each other in such a way that some firms produce
higherorder goods and others produce loweter goodsAnd finally, a market for
loanable funds can be introduced where households place savings and firms place
demands for savings. Central bank may from time to time intervene in the market for
loanable funds to distort the rate of interest. Furthermore atdyatnk intervention
can be made a function of the state of the economy, thereby endogenizing central
bank decisiormaking.

We are likely to gain two insights from developing an adrsted model of
MisesOs cycle theory. One, we will be in a positi@nswer the question of what
proportion of real world macreconomic dynamics is explained by MisesOs cycle
theory. In other words, what is the empirical relevance of MisesOs dynamics? This can
be done by calibrating the model to real world data, whileidenag other potential
explanations of macroeconomic dynamics. Two, we will develop some understanding
of the role of entrepreneurial expectations in Mises cycle theory. Cowen (2012)

argues that Misesian dynamics are neutered by entrepreneurial féoatairt)
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expectations. It should not take too much intelligence, at any rate far less than what
Austrians typically ascribe to the entrepreneur, to decipher Qinterest rate changes due
to changes in timpreferenceO from Ointerest rate changes due to camkral b
interventionO. After all, the central bank announces interest rate changes. We believe
that MisesOs dynamics are neutered by the availablility of aggregate data if the
analysis is presented in representative agent-bMStyle models (Opera 2003 and
Wagner, p. 103). However, Misesian dynamics are not neutered in arbagedt
setting because to neuter the dynamics firms will have to form expectations about the
sequences of changes in prices produced by interest rate changes (Holcombe 2016).
Second, ar model can be used to shed light on the debate on monetary policy
rules versus discretion. Traditionally, it has been believed that monetary policy rules
provide more stable environment for economic decisnaking than discretionary
monetary policy. Théelief is based on the idea that monetary policy rules make it
less costly for economic agents to form expectations about aggregate variables. For
instance, if the Federal Reserve increases money supply at a rate of 3% per year,
agents can form reasonalebepectations about price level, thereby avoiding problems
that arise when agents misperceive price level changes as being relative price
changes. This view of monetary policy rules is based on models in which economic
decisions are primarily based on egtations about aggregate variables. In a
decentralized economic system, agents form expectations about a whole host of
variables, many of which are local. In fact, most economic agents possibly care more
about local variables than aggregate variables.€Tisdittle reason to believe that
monetary policy rules defined on aggregate variables lend stability to an economic

system, in which the decisions on economic agents will be influenced by the way in
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which the rule affects local variables. Policies thabidize aggregate variables may
produce disturbance at the local level, which in turn may disturb micro decision
making, and produce instability in aggregate variables. This problem can be studied
using our agenAbased macro model. We can allow a cergealk to inject money at
different rates and in different ways. Furthermore, we can study how the rules rank
when a central bank has lagged and incomplete information about the state of the
economy (Morgenstern 1950).

Third, our model can be used to undansk the influence of monetary
institutions on economic activity. The effects of monetary shocks on the distribution
of prices are not artifacts of central banking; a system of private banking too will
exhibit relative price effects of money injections. Yedt relative price effects, and
the consequence of these effects on the stability of the economic system may be
different in central banking and private banking systems. While several scholars have
claimed that private banking systems may be more stadatea central banking
system, there are no formal models that have studied this claim or derived the
conditions under which the claim it true. As a first step, we can build a private
banking system by allowing multiple banks to inject money into diffgraris of the
economy. It will be interesting to see whether private bank money injections produce

Misesian cycles as Hayek (1933) claims.

3.7 On Expectations and the Dimension of Economic Problems
In 1975 Lucas presented a seminal model of macomome dynamics based
on informational lags. In LucasOs Islands model agents face the problem of

deciphering relative price changes from changes in the price level. Agents
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misperceive the relative price of the good they produce due to a lag in information
aboutaggregate money supply. Lucas renounced his Islands Model for good reason.
Data on aggregate money supply are available at reasonably short intervals. The
Federal Reserve publishes data on M1 every Thursday and data on M2 every
Monday The dynamics of LuasOs Island Model are neutered if agents have data on
aggregate money supply and use it to form reasonable expectations about the price
level.

In contrast to LucasOs Islands Model, the dynamics of our production network
macro model are not neutered if ateehave information on aggregate variables. Each
firmOs profit depends on the prices at which it buys inputs and the price at which it
sells output. The changes in the prices that matter to a firm are not a trivial function of
aggregate variables. Infortinan about aggregate variables does not allow firms to
predict the sequence of changes in the prices of different inputs and output.

The temporal sequence and direction of changes of all the different prices in
the economy as a consequence of money injedepends on which firms receive the
initial money injection, the topology of the network, and the state of each firm in the
network. No firm has information about which firms receive new money, what they
do with new money, and the intezlations betweaedifferent firms in an economy, all
of which is necessary to predict the sequence of changes in the prices of its inputs and
output. And even if each firm did have all the information it needs to compute the
economy wide sequence of price changes, sueipatation would be practically
impossible (Axtell 2005, TaghaviNejad and Veetil Forthcoming). The US economy
has over six million firms connected through an intricate web of relations, with some

firms near bankruptcy, others growing, still others consdanew projects. No firm

) !



is capable of computing the time path of price changes in an economy due to the
injection of new money. The problems solved through the interaction between
economic agents are too complex for any single agent to solve evemésh®
have all necessary information to solve the problem. As Vilfredo Pareto (1971, p.
171) notes, in such cases it is Opolitical economy that comes to the aid of
mathematicsO. Agents in our model form expectations about objects that are of
relevanced them. Agents have heterogeneous expectations not only in the sense that
different agents have different expectations about the same object, but also in the
sense that different agents have expectations about different objects, as explained by
Wagner (199, p. 72) in the following passage.
For someone who owns an auto repair shop and is trying to decide whether to
expand his facility or to move to a new location where a larger facility is
already in place, his expectation about the future general pvieleidesurely
far down his list of concerns, and may not appear at all. It would surely be the
same for the vast preponderance of commercial decisions where people are
making choices now to commit resources to particular uses, when the results
will not beknown until some future time. There would be many different
particular objects of expectation, depending on the particular activity about
which expectations are being formed.
Lucas (1976) was quite right in noting that economic agents are forward loBking.
would disagree with LucasOs view that it is strange to presume public agents are free
to change their choice variables in response to a change in information but private
agents are contractually commitment to past, or that private agents do nog¢rconsid
volatility of variables that affect them while forming contracts. Sargent and Wallace
(1976) have a point when they say that in a society where policy makers change rules,

economic agents will tend to consider possible rule changes while making plans fo

the future. Unlike the pod€eynesians (Crotty 1980) and others who were, and still
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are (Frydman and Phelps 2012), too keen on treating expectations as an external
driving force of macroeconomic volatility, Ludddike Schumpeter before hikh

thought expeettion about economic variables was within the domain of economic
analysis. Schumpeter criticized KeynesOs treatment of expectations as exogenous
variables that influence economic activity, as exemplified by the phrase Oanimal
spiritsO. Schumpeter (1939 58) thought expectations cannot be treated like the taste
of tobacco, but must be explained as variables that/otve with macroeconomic
circumstances.

We agree with Lucas (1976) when he says expectations are influenced by the
economic environment, a@ver we do not believe economic agents form Orational
expectationsO in MuthOs (1961) sense. The economy is far too complex for agents to
estimate parameters of joidistributions of all variables that matter. In a complex
economy, rational expectationseanot only computationally impractical, but its very
pursuit may be irrational in the sense that it will not meet marginal cost calculus.
Economic agents have no reason to gather information about the economy as a whole
if they are incapable of processingo form expectations. In a complex economy, the
pursuit of rational expectations may be irrational. Sargent and Wallace (1976) are
right in saying that economic agents consider possible rule changes when making
plans, but the system is far too complexthem to compute the impact of future rule

changes on their plans.

3.8  Concluding Remarks
Macroeconomics has gone through much change in the last hundred years, so

much so that macroeconomic theory appears more like an object of fashion than
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science. One of the reasons for the fads in macroeconomic theory is its close relation
to policy making. The history of last hundred years illustrates that macroeconomists
have fallen prey to Ricardian Vice: the practice of offering advice about a complex
world based on simple models. Analysis that presumes governments directly act upon
aggregate variables tell us little about what government can actually do. Yet the IS
LM model was used to support interventionist policies. Analysis that uses a single
agentto represent an economy with 6 million firms and 120 million workers cannot
tell us much about how markets work. Yet representative agent models were used to
argue for laissefaire. Contemporary American Austrians too are guilty of the
Ricardian Vice, pghaps more so than New Classical and New Keynesian economists.
Many American Austrians have argued for little or no government intervention during
recessions and for ending the Federal Reserve, though no one has built a model that
produces a single timeses, let alone the dozen or two regularities found in
macroeconomic data. New Austrians must stay wary of the Ricardian Vice; it helps
neither policy, nor theory, as Schumpeter (1936, p. 792) explains in the following
passage.
It is, however, vital toenounce communion with any attempt to revive the
Ricardian practice of offering in the garb of general scientific truth, advice
which whether good or bad carries meaning only with references to the
practical exigencies of the unique historical situatioa given time and
country. This sublimates practical issues into scientific ones, divides
economistsas in fact we can see already from any discussion about this book
according to lines of political preference, produces popular successes at the
moment, andeactions aftewitness the fate of Ricardian economiasither
of which have any thing to do with science. Economics will never have nor
merit any authority until that unholy alliance is dissolved.

Nothing in a bottorrup view of an economic system segts that policy will be

neutral or ineffective. To say that a government cannot directly act upon aggregate
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variables is very different from saying government policy cannot change aggregate
variables in OdesirableO directions. Our understanding of winetveand when
government policy can influence an economic system depends on a reasonable view
of a complex economic system, and a complex government bureaucracy which is
intertwined with the economic system (Wagner 2014). It is such an understanding that
we lack most at the moment.

Schumpeter, Mises, and Hayek had profound insights about the working of a
decentralized economic system. Today, we have the computational technology to
build largescale empirically salient models of a macro economy. Adddottie
growing appetite within the economics profession (Caballero 2010), and more so
among policy makers for new ways of thinking about the macro economy. In the
same way that FSM is now passZ, the representatagent model (with and without
price stckiness) may disappear from graduate textbooks and policy organization. The
guestion is what will replace these models? We see entrepreneurial profits waiting to

be grasped.



Chapter 4: Alternative Micro -foundations for Macro Theory:

Additive and Ecological

The DSGEframeworktreatsthe micro-macrorelationshipasadditive,which supports
ahorizontaltype of analysisvhereinmacrovariablesinteractdirectly with one
anotherThis frameworkyields a steadyrateof growthwhenexogenoushocksare
absentlt leadsin turnto anexaminatiorof whethertherearemonetaryrulesthatwill
calmtheturbulencethatresultsfrom nominalshocksIn contrasto the DSGE
framework,this paperexploresanecologicalapproacho the micro-macro
relationship.This frameworkentailsa verticalform of analysiswherethereis causal
interactionbetweermicro andmacrovariablesIn placeof systemicequilibrium,the
ecologicalmicro foundationreflectsprocessesf spontaneousrderingwherethereis
interdependecebetweemmacroelevel variablesandmicro-level activities. This
micro-macrointerdependencleadsin turnto differentinsightsinto andconcerns

aboutthe ability of monetaryrulesto controlnominalshocks.

4.1  Alternative Micro -foundations for Macro Theory: Additive and
Ecological
Forthebetterpartof a century,economistiaveexploredwhethemmacrclevel

stability is moreeffectively pursuedoy a centralbankthatfollows clearlyarticulated

'IThis chapter is cauthored with Richard E. Wagner.
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rulesor a centralbankthatexercisegliscretionin responseo eventsandsituations.
Undergirdingthis explorationhasbeenthe nearlyuniversalpresumptiorthatsteady
growthis anattainablestatefor amacroeconomyThe DSGEframeworktreatsthe
micro-macrorelationshipasadditive,which producesa steadyrateof growthasbeing
normalin theabsencef exogenoushocksIn contrastthis paperexploreshe
possiblevalueanecologicaltreatmenof the micro-macrorelationshipmight bring to
the constructiorof macrotheories particularlyasthes pertainto the ability of
monetarypolicy to promotestability. The ecologicalframeworkaddsa vertical
elemento macrotheoriesin thatthereis interactionbetweerthe microandmacro
levelsof analysis.

Fromanecologicalperspectivesteadygrowth is moreanartifactof the DSGE
modelthanit is afeatureof economiaeality. The DSGEmodelassumeshatall
macroobservationgertainto anequilibratedmicro economyWhile we accepthe
claimthata macrotheoryshouldreston reasonablenicro foundationswe setforth a
form of spontaneousrdertheorizing(Aydinonat2008)asoffering analternative
micro foundation.Oneillustration of this kind of micro foundationis De GrauweOs
(2010)effort to advancea bottomup approacto macrophenomenafnother
illustrationis WagnerOg012a,b)reatment®f a macroeconomyasa continually
evolvingecologyof planswhereinmacrovariablesemergeout of micro-level
interaction,only atnoinstantin time is thatecologyin a stateof equilibrium.Rather
it is a procesf continualdevelopmentwhereat eachinstantsomeenterprisesire
beingbornandothersaredying, andwith thosebirthsanddeathanjectingturbulence
into the ecology.Recognitiornthata healthyeconomicecologyhasturbulencecastsa

differentlight uponthe problemof policy. Turbulences afeatureof a healthy
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ecology,butturbulencecanalsoindicateanunhealthyecology.To seekto calm
healthyturbulencewould be destructiveputit would alsobe destructiveo allow
unhealthyturbulenceto persistprovided(1) thedistinctioncantruly be madeand(2)
policy toolsareavailablethatcanoffsetdestructiveturbulencewithout alsooffsetting

beneficialturbulence.

4.2  The Micro-Macro Relationship: Additive and Ecological Formulations
Economistgypically treatthe micro andmacrolevelsof analysisaseffectively
independentn theimmediatepostwar periodwhenwhatwascalledthe neoclassical
synthesisarosethetwo levelsweretreatedastruly independentTheanalyical claim
atthattime wasthatmacropolicy could promotefull employmentandmicro policy
could promoteopencompetitionwith bothtogethercomprisinga coherent
frameworkfor economigpolicy. As economistgrewincreasinglyuneasywith the
absencef micro-foundationdor macrotheory,the DSGEmodelcameinto play.
Macrotheoriesnveresubsequentlpuilt on a baseof generalequilibriumtheory.
While DSGEchangedhe style of macrotheorizinggreatly,macrovariableswerestill
relateddirectly to oneanotherastheyhadbeenin the daysof the neoclassical
synthesisMacro statementsouldstill be madewithoutfiltering thosestatements
throughthemicro level becauseany suchfiltering would haveno valueto addto the
explanatoryenterpriseThe presumptionthatobservationpertainedo statesof
systemicequilibriumrenderednicro andmacrostatementsonsistentvithout explicit
articulationof connectiondvetweermacroandmicro levelsof analysisWeintraub

1993).
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Any analyticalframeworkfocussesattentionin particularanalyticaldirections
while takingit awayfrom whatcould havebeenotherdirections.In this respect,
RichardCaballero(2010)pointsout thatmacrotheoryhasgivengreatemphasiso
fine-tuningthe DSGEmodelwhile shyingaway from undertakingoroadefranging
explorationanto possiblealternativepathsof theoreticalconstructionA theorist
cannotbe everywhereat the sametime, of course putit doesnotfollow thatall
theoristsshouldbe atthe sameplace.Indeed this wasthe centralpoint of Caballero
(2010)andhis recognitionof possiblevalueto exploringalternativeanalyticalpaths.
It is suchanalternativepathof theoreticalkconstructiorthatwe pursuehere.The
DSGEframeworkis additive,in thatmacrovariables arecreatedhroughaggregation
overmicro entities.Evenif explicit aggregations nottheoreticallyffounded(Stoker
1993),the DSGEavoidsthe necessityof aggregatiorby presuminghatobservations
pertainto statesof systemicequilibrium.A key feaure of the DSGEframeworkis that
differencesamongmicro entitieshaveno work to do with regardto macrclevel
theorizing,for anydifferencesamongmicro agentsarecancelledhroughaggregation
into the systemicequilibrium.

It is this featureof cancellationthroughaggregatiorthatanecologicalor
evolutionaryframeworkchallengesThis alternativeframeworkdoesnot work by
applyingcomparativestaticsto differentstatesof equilibrium.It doesnot positthatall
observationertainto statesof equilibrium.To the contrary,it positsthatthe passing
of timeis anintegralfeatureof the economicprocessAs time passespeople
experimentjnvent,andlearnthingsthatwerenot knownto themat earliermoments.
Hencethe datathatareusedfor comparativestaticsarenot availablefor ananalysis

of emergentlynamicswhichis anon-equilibriumschemeof analysisvhich should
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notbe confusedwith disequilibriumanalysisasKatzner(1998)explains Within this
alternativetheoreticaframework,the micro-macrorelationshipis oneof interaction
andnotindependencé heecologyof economicagentss notreasonablyeducibleto
arepresentativagentbecausenteractionswithin the ecologydo significantwork at
themacrolevel. Likewise,observabnsat the macrolevel caninfluencepatternsof
activity atthe micro level. Whenevolutionreplacesquilibriumasananalytical
framework,macrotheoryacquiresa verticaldirectionof movemento supplementhe

horizontaldirectionit haswithin the DSGEframework.

4.3  The Quantity Theoretic Framework for Stabilizing Nominal GDP
Marketmonetarisn{NunesandCole2013;Salter2013)hasreceived
significantrecentsupportasanalternativetype of monetaryrule for promotingmacro
stability in the presenceof whatotherwisewould be nominalshocks Considering
how stabilizingnominal GDPwould operatéan the presenc@f nominalshockscan
placein starkrelief our contrastetweeradditiveandecologicalorientationgoward
macrophenomenaviarketmondarismdrawsstronginspirationfrom thecash
balancanterpretatiorof depressiothatLelandYeager(1956)advancesStarting
from apositionof systemicequilibrium,Yeagermositeda sudderanduniversal
increasean the desireto hold moneybalancesWith this beingthe only changen the
systemthe comparativestaticsof the situationwould leadto alower setof prices
with realactivity remainingunchangedin light of reasonableecognitionthatthere
would neverbeinstantsocietalreadjustmento this type of shift, a periodof economic

disruptionwould haveto be enduredoeforethe neweconomicequilibriumwould be
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establishedRatherthanenduringthis disruption,arule of stabilizingnominalGDP
couldmaintainthe old equilibriumwithout disrugion.

This casefor marketmonetarisnthroughstabilizingnominalGDPis simple,
deceptivelyso.And in thatdeceptiveguality residessomeof the centralanalytical
issueghatarehiddenby the additiveframeworkandarerevealedoy theecological
framework.The claim thatstabilizingnominalGDP canpromotereal stability at the
macrolevelis avariationof the classicakthemethatmoneyis neutralin thelong run.
Accordingto this neutralityproposition thelong run effectof doublingthe money
suply would beto doubleall prices,leavingrelativepricesunchangedLikewise,
halvingthemoneysupplywould cutall pricesin half, leavingrelativeprices
unchangedThis analyticalexercisecouldelicit the claim thatthe classicaleconomists
dichotomzedthe pricing processwhereinrelativepricesweredetermined
independentlyf absoluteprices.Don Patinkin(1965)explainecthatthe classical
economistid notengagen suchdichotomizationput ratherpursuedifferent
analyticalexperimentdo addressdifferentquestions.

Whatappearedo be a dichotomizatiorof the pricing procesavasjustan
analyticaltechniqueto maintaina suitablefocal pointfor a particularline of analysis.
Oneline of analysissoughtto explainhow adjustmentsn relaive pricesoperatedo
promotemicro-level coordinationin responseto changesn therelevantdata A
public mourningincreasedhe demandor blackcloth, with systemiccoordination
promotedthroughchangesn prices.Anotherline of analysissoughtto explainhow
thegeneralevel of priceswould vary with theamountof moneyin circulation.An
influx of gold would inflate the generalevel of prices,butwould notimpair the

coordinativepropertiesof micro-levelinteractionin thelong run. Nominaland real
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wereanalyticallyseparate@sa propositionaboutlong-run propertiesof systemic
interaction,andyettheability of anincreasen the supplyof moneyto affectpricesin
theshortrun wasalsorecognizedasnotedby both RichardCantillon (1755 and
David Hume(1752).

Marketmonetarismandthe supportit givesto stabilizingnominalGDP
embracesvhathasbeenwrongly describedasthe classicadichotomybetween
nominalandrealvalues Within the frameworkof the quantitytheory,the equationof
exchanges a macrclevel representationf aneconomy:This representatiors
complementaryo thetheoryof systemicequilibriumatthe micro level thatthe
Classicalkeconomistalsorecognizedeventhoughformalizationof suchequilibrium
wasnot setforth until LZonWalras(1874).Within this formalization,Walrasian
equilibriumatthemicrolevel of individual actionrequiredthe balancingdescribedy
thequantityequationat the macrolevel. To assercomplementaritypetweermicro
andmacrostatenentsis mostcertainlynotto asserindependencbetweerthetwo
levels.Only by reducinga macroeconomyto arepresentativagentcanatheorist
avoidissuesassociateavith complementarityppetweermicro andmacrolevels.The
representativagentformalization canrendermarketmonetarisnsensible putonly
by eliminatingany notionof aneconomyasconsistingof interactingagentsvhen
coordinationis anemergenpropertyof aneconomicsystemandnot a maintained

hypothesis.

4.4 A SystemsTheoretic Perspectiveon the Micro -Macro Relationship
Theprecedingconceptuaexperimenpositeda universalincreasen the

demandor money.Whatif, insteadtherewasawidespreadutdistinctly non
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universalincreasen thedemandor money?All mentalexpermentsallow for
changesn sometypesof data. A universalincreasen thedemandor moneyis one
suchpieceof data.A nonuniversalincreasas anotherpieceof data.Typically, such
dataarepositedto motivatea particularline of analyticalinquiry. The motivationin
Yeager(1956)wasto advancea monetarypolicy remedyfor depressiomverthe
fiscal policy remedythatin the 1950sreceivedfar strongersupportamong
economistslf someoneavereto askhow it is possiblefor macrelevel datato change,
theanswemwould surelyhaveto bethata sufficientnumberof agentsatthe micro
level changedheir patternf activity to providea detectablanacroobservation.
While it is possibleto imaginea uniform changan micro data,far morelikely is
particularchangeshataffectparticularpeople. Onecanimaginea uniformincreasen
thedemandor money,butfar morelikely is nonuniformity. Within the ecological
framework,macrovariablesdonOobriginateon the macroplanebut ratherderivefrom
interactionson the micro plane An ecologicallyorientedmacrotheorymusthavea
vertical structurein which macrovariablesemergethroughmicro-level interaction
whichis projectedupwardto the macroplane.

Oncea multitudeof agentanhabittheeconomya uniformincreasen the
demandor moneyis imaginablebut surelyimplausibleall the sameTherecanbea
decreas@ anaggregateneasuref velocity withoutthatdecreaséeingdistributed
equallyacrossagentsFurthermorea decreas@n anaggregat measureanbe
accompanietby increasesn velocity amonga significantnumberof agentsTo point
to suchnon-uniformity of changesn thedemandor money,moreoveryaises
guestiongegardingthe sourceof thatchangewhich leadsin turninto questiams of

whetherrecessionsnight havesocially usefulpurposeghatstabilizingNGDPwould
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impede Within adynamicecologyof interactingplans,recessionsanservea
valuablesocialfunctionandmostcertainlynot denotea pureloss.To associate
recessiaswith apurelossis to commita form of Nirvanafallacy by positinggeneral
equilibriumasanattainablestateof affairsasagainstits denotinga particularscheme
of thoughtthatis usefulfor somepurposedput notfor all purposesln socialand
ecanomictheory,to positananalyticalschemehatis usefulfor all purposess the
equivalentof positingthe existenceof a universalsolvent.

If macrotheoryis pursuedwithin anequilibriumperspectiveit is easyto
think of reducingthe systento arepresentativagent.This reductionmightbe
recognizecasembracingananalyticalfiction, butthe equilibriumtheoryrenderghat
fiction reasonabléor somepurposesandundersomeconditions.Forinstancea
parademightbe onemile long andcontain3,000 peoplemoving northat threemiles
perhour. Thatparadecanbereasonablylescribedasa socialconfigurationin
equilibrium,andhenceis reasonablyeducedo a pointwhoseroutecanbetracedon
amap.Theparadds anorganizationtherouteof which is establishedby a parade
marshalln contrastthe crowdof pedestrianteavinga stadiumafteraneventis
likewiseorderly,in thatthe membersf the crowd cannavigatetheir waysto their
destinationsThe crowd,however,s anorderandnot anorganization.To besure,
someof the memberof the crowdwill travelin groups,which might makethe crowd
anorderof organizationsln anyevent,it is a systemof interactingagentghatcannot
bereasonablyeducedo a pointmovingalonga map.Equilibrium theorydoesnot
reasonablypertainto a pedestriarcrowd becauséhatcrowd cannotbereasonably
reducedo arepresentativenemberThe crowdis constitutedhroughits memberdut

cannotbereasonablyeducedo onerepresentativenemberThe crowd reflectsa
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relationshipof partsto-whole,andsobelongswithin the analyticaldomainof systems
theory.

Wagner(2012a)andVeetil andWagner(2016)bring a systemstheoretic
orientationto bearon macraelevel phenomenarhinking aboutsystemsequiresa
theoristto theorizein termsof levels of phenomena, with higherlevelsgenerated
throughinteractionamongelements that resideon the lower level. With respecto
economicandsocialphenomenai is customaryto distinguishbetweenmicro and
macrolevels,thoughsometheoristsnserta mesolevel betweerthe microandmacro
levels(PottsandMorrison 2007).Here,we will usethe micro-macrodichotomy
because our analyticalinterestresides more with the micro-macrorelationshipthan it
doeswith the institutional relationships that Standbetweermicro andmacro.

The informationFigure 9 presents is carried forward from Wagner (2012a)
and Veetil and Wagner (2016). It presents a bi-planar model of an economy. The lower
level is the ground level whereall action occurs. Figure 9 shows those actors
connected in network fashion and forming an incomplete graph to denote that
knowledge is distributed among societal actors and not assembled in one particular
node. There is no agent whose properties mirror that of the system. The society
portrayed in Figure 1 is a pedestrian crowd and not a parade. The nodes represent
commercial entities within a market economy. The triangle on the right side denotes a
central bank or Big Player along the lines Roger Koppl (2001) articulates. All action
takes place on this level, even that of a central bank. Some entities will be more
influential within the societal nexus than other entities, and a central bank is a
particularly influential entity. Still, a central bank can opaateonly ontheactionlevel

like all entities in society. The Fed places an order with a brokerageéhouseto buy or
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sell securitieswith that brokeragenouseestablishing connections with other entities
in societyas those transactions occur. Thosetransctions, as well asall other
transactiongn societygeneratalatathat can be observed and aggregatedlhat data
andthoseaggregationareprojectedontothe macrolevel. To be sure,datacannever
speakfor themselves, but can speakonly after being organized andarranged
according to sometheoreticalframework. The upper part of Figure 9 is organized in
terms of amodelof aggregatesupplyanddemand, though it could alsohavebeen
organized in termsof moneysupply and demand.

Our systems-theoreticframework shows that the micro-macrorelationshiphas
averticalpatternthatrequiresa differenttheoreticakackthanthattakenby
conventionamacrotheorywhereinmacrotheoriesareindependenodf micro action,
eitherdirectly asin the quantitytheoryor indirectly asin thereductionof aneconomy
to arepresentativagentA systemsbasedheorymustallow for interactionbetween
micro andmacrolevels.All actionoccursonthemicro level, andthoseactions
generatenacrolevel projectionsandimages. Thoseprojectionsandimagesn turn
provideinformationthatagentscanuseon the micro level. For instance a macro-
level projectionthatfrackingwill putsignificant downward pressure on gasoline
pricesmightinducesomefirms onthegroundlevel to increaseheir productionof
recreational’ehiclesdespitetherelatively heavyconsumptiorof gasolinethat
accompanyhosevehicles while alsoinducingotherfirms to increaseheir supplyof
privatecampground# anticipationthatpeoplewill startmakinggreateruseof

recreationalehicles.
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Monetaryequilibriumis typically portrayedoy the aggregateonditionMV =
PT or by variationson thatcondition.Formulationin termsof systemgsheoryandan
ecologyof plansrequiresrecognitionthatit is theindividual equilibriumconditions
andnottheaggregateonditionthatdoesthe primarywork in shapingsystemic
interaction.If we let D andS denotethe aggregatelemandor andsupplyof money,
we canlet d; ands denoteindividual demandgor andsuppliesof money.Within the
presumptiorof generakequilibriumtheory,individual actionsarepostulatedo be
consistentvith systemicconstraintsandlimits. Within a systemsheoretic
framework,however,suchconsistencys somethingpossiblyto be generatear
explainedEpstein2006),but is not somethingo be postulatedHence monetary
equilibriumrequiresnotjust aggregatequalitybetweerthe demandor andsupplyof
moneybutalsoit requiresequalityfor eachindividual in the systemIndeed.,it is
individual equalitythatgeneratesystemicequality,for systemicequalityis
meaningfulonly asareflectionof fulfilment of theindividual conditionsfor
monetaryequilibrium.

Oncewe leavetherepresentativagentbehind,it is reasonabléo think that
monetaryequilibriummight pertainto somebut notall membersf a society.For
instancesomepeoplemight beaccumulatingnoneybalancegrior to undertaking
entrepreneurigbrojects. Theyaretemporarilyunemployedasarethe peoplewho
might havebeenputto work by spendinghosebalancesThis accumulation,
howeverdoesnot denoteareducedlesireto spendoer sebut ratherdenoteghat
somespanof time is necessaryo asserble anentrepreneurigblan.A focuson

stabilizingnominalGDPtreatsspendingandnot plansasthedriving force of an
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economyhowever,|f it is plansthatdrive spendingnominalstabilizationcanoperate

asasourceof realdisruption.

4.5 Plansvs. SpendingasAnalytical Primitives
Stabilizingnominal GDP seekdo stabilizeaggregatespendingoy using
changesn M to offsetchangesn V. While spendings the prime variablein macroe
leveltheorizing,it is alsoworth notingthatspendings aderivaive andnota
primitive variable.Spendinglerivesfrom the commercialplansthatpeopleform and
executeWith regardto theorizingin termsof statesof equilibrium,thedistinctionis
perhapsotterribly significant.With respecto theorizingin terms of evolving
ecologiesf interactingagentshoweverthedistinctionis significantin its ability to
illuminatethe possibledisruptivequalitiesof effortsto stabilizenominalGDP.
While theremight be numerougarticularreasonsvhy someagentanight
increasdaheir moneybalancesa goodnumberof thesewill reflecteffortsto pursue
economigplans.Forinstancesomeonenightincreasenoneybalance®versome
durationto accumulatesufficientcapitalto starta newenterprisewhile atthesame
time concludingthatthe foregoneexpectednterestearningsverenot worth therisk
or troublethatwould beinvolvedin buyingshorttermfinancialinstrumentsThis
entrepreneuandhis moneybalancesppearto beidle whenexaminedrom the
outside.Yet neitherhe nor his moneybalancesreidle, butratherareinvolvedin
puttingtogetheranenterprisghatwill soonspringinto action.
Thepresumedndependencef macroandmicro levelsis conceptually
incoherento the extentthatmacrelevel observabnsemergeout of precedingmicro-

levelactions.lt is possibleto posita situationwheremicro-level variability hasan
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offsettingcharactethatgeneratesnacrolevel stability. In this case jncreasesn the
demandor moneyby someagentswill beoffsetby decreases thedemandor
moneyby otheragentsWhatif this offsettingpropertydid not hold?Supposéhe
increasedlemando hold moneyby someagentss not offsetby adecreasedemand
to hold moneyby otheragentsThis would leadto adeclinein nominalGDP,and
with someof thatdeclinereflectedasa declinein realoutput.The questiomatissueis
whetherthis declinein realoutputis a deadweightossthatmight be prevented
throughthe stabilizationof nominal GDPor whetherit might be a valuablepartof a
dynamiceconomigprocesghatis not properlydescribedy notionsof steadygrowth

becaussomemacroturbulencecanaccompanya well-working economy.

4.6  Recessiorand the Costof Re-Coordination

A recessions a periodof relatvely largescalemiscoordinationBusinesses
haveinventorieshatconsumersio notwantto buy, workershaveskills that
entrepreneurdo notwantto hire, andentrepreneurbaveprojectsthatbanksdo not
wantto fund. Suchmacroeconomiphenomenasunemploymentunderused
factories,andun-loanedioanablefundsarereflectionsof miscoordinatioratthe
micro-level. Miscoordinationmay arisedueto exogenousr endogenouseasonskor
Mises(1912),miscoordinatiorariseswhencentralbankpolicy drivesawedge
betweerthe moneyrateof interestandnaturalrateof interest.For Schumpeter
(1939),miscoordinatiorariseswhenentrepreneuriahctivity overwhelmshe
coordinatingcapacityof theeconomicsystem.

Whatdo economicactorsdo whentheyfind themselvesn suchaworld?

During arecessiornherearesignificantgainsto be madefrom creatingcoordination.
+(!



Entrepreneursanmakesubstantiaprofits by hiring workersatalow wage,if they
developprojectsthatareconsistentvith the skills of workers andthe demandof
consumersEconomicactorshaveanincentiveto dovetailtheir plans.Theysubstitute
coordinatiomactivitiesfor productionactivities.Theyspendesstime producing
goodsandservicesandmoretime determiningwhatgoodsandservicesto produce.
Workerslook for employersvho wanttheir skills, andmay evenretrainthemselveso
learnnewskills. Consumersubstituteoneproductfor anothergvendevelopnew
tastesAnd entrepreneursomeup with new projectsthatbanksmaybewill ing to
fund.

All thisinvolvesnoveltyandchangeTheeconomicsystemgoesthrougha
procesf computinga new constellatiorof plansthatis morecoordinatedhan
previousplans.This procesof computations costly. The costof coordination
includesbothintendedandunintendedtosts.Intendedcostsarecostsincurredby
economicactorswith theintentionof dovetailingtheir plansto thoseof others,such
asthe costof job searchoy workers.Unintendedcostsarecoststhatoccurdueto the
failure of someplannedadjustmentsindividual economicactorsgo aboutadjusting
their planslocally, somenewplanswork andothersfail. Someplansthatappeato be
agoodlocalfit mayturnoutto beapoorfit within alargerpicture.Much like the
piecesof a puzzle the plansof two actorsmustnotonly fit with eachotherOgyut they
mustfit togethemwithin thelargerpictureof theeconomyConsiderthe following
example An entrepreneulearnsthatconsumersrelooking for cheapeclothing.She
succeedin securingaloanto build afactoryto producecheapcottonshirts.Some
workershearaboutthis opportunityandinvestin trainingthemselveso secureajob

atthefactory. Theworkers'actionsareintendedto dovetailtheir skills to thosethat
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theentrepreneuwishesto hire. However,the dovetailingof the plansof the
entrepreneuandtheworkerssayslittle aboutwhetherthetwo togetherfit within the
globalpicture.If theentrepreneur@sansfail, sowill theworkers@nd the
entrepreneur@ansmayfail dueto avariety of reasonsFor instancethe
entrepreneur@ansmayfail becausef the closureof the cottonmill from which she
intendedo sourcecotton.The cottonmill mayhaveclosedbecaus®f competition
from syntheticfibers,which may havearisenin responsé¢o changesn consumer
demandduringtherecessionPlansfail duringrecessionslueto endogenouseasons
aretheunintendeccostsof coordination.

Thefailure of plans,however,s notaneconomiovaste.Considerajob
interviewthatfails to createa matchbetweeremployeeandemployer.Thoughthe
workerdoesnot getthejob, shelearnsaboutthe skills thatpotentialemployersvant.
Similarly, theemployerearnsaboutskills thatworkershave.Theyalsogain
information aboutwhateachis willing to acceptandwilling to pay.All thisis
reflectedin relativepriceswhenplanssucceedndtradeshappenThe priceatwhich
tradehappenss notalways\ or evenpredominantlil discoveredatthe momentat
which tradehappensPricesarediscoveredhrougha processf interactionsduring
which no trademay havehappenedrailuresowsthe seeddor successThe
informationaccumulatedluringfailed attemptgo tradeis broughtto light whentrade
finally happenslmaginelooking for ahouseto buy. A potentialbuyerlearnsabout
thevalueof propertyin differentneighborhoodéy looking into differenthousesAll
this learningis reflectedin the price of the houseshefinally choosego buy.

Informationthatis gainedin failed transactionss reflectedin successfutransactions.
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Theideathatinteractionbetweereconomicactorsproducescoordinations
ruledout of bothNew ClassicalkndNew Keynesiartheoriesof recessionin the
equilibriumconceptiorof aneconomygcoordinationis broughtaboutat zerocostand
in metatime by a Walrasianauctioneerln neoclassicatheory,pricesaredetermined
by endowmentspreferencesandproductionpossibilities.In therealworld, however,
priceshaveto be producedandmadepublic. And thereis noreasorto assumehatthe
ultimatepricesthatemergeareindependentf the processethroughwhich they
emergeDifferent structureof producingpricesmayleadto differentprices,for the
sameendowmentspreferencesandprodudion possibilities.The New York Stock
Exchangefor instancehaselaboratesetsof rulesasto who canparticipaten trade,
how, andin whatway.All theseprocedureplay arolein determiningtheultimate
pricesthatemergeandthe quality of coordindion, notjusttherateatwhich prices
emergeAnd theNYSE is only oneof the manyformal andinformal arrangements
thatgeneratgrices.During arecessioreconomicactorsmayrearrangehe
mechanismsghroughwhich pricesaregeneratedThis maybe necessaryeither
becauseherecessiomappenedhecaus®ld systemglid not producetheright prices,
or becauseheold systemsvould not producetheright priceunderthe new
circumstancedll thisinvolvesexperimentatiomndmutualadaptationlt is costly to
createcoordination particularlyduringrecessionsvhenmanyeconomicactorsare
togethemakingnewplans,while takingstockof thatis whichis left of old plansthat

did not materialize.
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4.7  Declinein Velocity as StaggeredDecisionMaking

In New Keynesiarmacrotheories staggeredontractings thoughtto bea
sourceof pricerigidity. Yet thereis no optionto staggereaontractingn anybutthe
simplestof economicenvironmentsActually, the staggeredjuality of decision
makingoperateso reducethe costsof bringingabouteconomiccoordination.
Supposeto the contrary,thatall agentanakeeconomiadecisionssimultaneously.
Doing this requireseachagentto guesscorrectlythe decisionsof the otheragentgo
rendertheir plansconsisentwith eachotherO8y makingdecisionsn sequentiahnd
staggeredashion,economicactorscanlearnaboutthe plansof othersbeforemaking
their own plans,economizingon coordinationcostsin the process.

A simpleway to illustratethisis the number-coordinationproblem.Imaginea
populationof N agentsgachof whommustchooseeitherO or 1. Theagentsucceed
if all agentchoosethe samenumber.lf N=2 andagentschoosesimultaneouslythe
probability of successs 0.5.However,if N=10,the probability of successs lessthan
0.002.As N grows,it becomegnoreandmorecostlyto play simultaneouslyThey
would do betterif theystaggeredheir decisionssothatoneagentknewwhatanother
haschoserbeforemakingherown choice.The coordinaton problemsthatan
economysolvesduringrecessionarevastlymorecomplexthatthe number
coordinationproblem.Whatthe numbercoordinationproblemhighlights,however,s
thattheonly plausibleway to solvelarge scalecoordinationproblemsentailsa
continualparadeof staggeredlecisionghatpassesformationaroundthe system.
Sometimeghefastestwvay to solvea coordinationproblemis to taketime.

OTakingimeQmeansa declinein the velocity of money.Someagents

postpondheir consumptiorandinvestmentecisionsastheywait for othersto make
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their decisionsTheseagentdo not spendtheir money,andthis showsup asadecline
in thevelocity of moneyattheaggregatdevel. Like in thenumbercoordination
problem,the staggeringpf dedsionsallowseconomicagentdo learnabouteach
other'splansbeforemakingtheir own. Thedeclinein aggregaterelocity of money,
however hidesall thatis of importancefrom aneconomigooint of view. Someagents
taketheleadin implementingnew plans by spendinghe moneythatthoseplans
require.Someagentswait for daysbeforeimplementingtheir plans,otherswait for
weeks,andstill otherswait for months.How long eachactordecidego wait before
executingnewplansdepend®n avariety of factors,includingtheir risk preference,
thedegreeof miscoordinatioraroundthem,andthe sensitivityof their positionin the
nexusof-economiaelations We will discusseachof thesefactorsin turn.

Risk-preferences the simplestof the determinarg of the variationsin decline
in velocity of money.Implementingnew plansalwaysentailsrisk; howeverthe
generariskinessof economicactivitiesis elevatedduringrecessionsThis is because
manyeconomicactorsreformulatetheir plansduringrecessns;therefore mutually
consistenexpectationsrelesslikely to prevailthanundernormalconditions.Other
thingsequal,how long aneconomicactorwaitswill depenchegativelyon her
appetitefor risk.

By thedegreeof miscoordinatiomearaneconanic actor,we meanplan
proximity, not geographicaproximity. Planproximity is a measuref the natureand
degredo whichthe plansof oneeconomicagentis relatedto thoseof anotherlf the
plansof thoseto whomanagentsellshergoodsandthosefrom whomshebuysinputs
havefailed duringtherecessionshemaytakelongerto reformulateherown plans.

Shewould haveto considetow thosewhoseplansarerelatedto herown plans
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changeheir plans.In contrasteconomicactorswhoseplan neighborsarelargely
unaffectedoy therecessiorhavelessof areasorto reducespendingandreconfigure
their plans.

Finally, the positionof aneconomicactorin the globalecologyof plansmatters.
In the numbercoordinationproblem,the plansof all agentsareequallysensitiveo
theplansof all otheragentsAll agentsarein asymmetricpositionwith regardgo the
decisionsof everyoneelse.Thisis nottrue of economicactors.The nexusof-
economidnteractionis complexandasymmetricThe sensitivityof thelikelihood of
thesucces®f one'splansto the plansof otherswill vary acrosseconomicagents.
Somepositionsin theeconomicecologywill bevery sensitiveto smallchangesn far
awayregions while otherpositionswill be morerobust.Thosewho live in more
robustpositionswill tendto wait less,leadingeconomiaecovery.Thosewholive in
lessrobustlocationswill tendto wait it out. Therewill beadeclinein spending
acrosghe economyduringrecessionshoweverthatdeclinewill vary among
economicactors.Thedeclinein velocity of moneyattheaggregatéevelis merelya
reflectionof differentspendinglandconsequentlyvaiting) decisionagmadeby
economicactors.Themovementsn monetaryaggregateduringrecessionseflects
thedisaggregatalecisionsof economicactors.

Ourview of thedeclinein velocity of moneyduringrecessionsliffers
fundamentallyfrom the following explanations.First, therigid monetariswview is
thatreal outputis drivenby realfactors;with the supplyof moneybeingsluggishif
notfixed, thedeclinein velocity duringrecessionss anarithmeticnecessitySecond,
Baumol(1952)andTobin (1956)arguethatmoneyis held primarily for transactions

purposesA declinein pricelevel andinterestrateduring recessionsowersthe
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opportunitycostof holding money,therebyincreasingnoneydemancdandlowering
velocity. Third, FriedmanandSchwartz(1965:40) arguethatmoneydemandiepends
on permanenincome.Sincerecessiongmply afall in incomebelowits permanent
level, moneydemandisesasa proportionof income,leadingto adeclinein velocity
of money.Fourth, Tatom(1983)estimatesheincomeelasticityof the demandor
moneyto belessthanone.Whenincomefalls duringrecessionthe demandor
moneyfalls lessthanproportionally,andvelocity of moneyfalls in consequencd.he
secondthird andfourth views canbethoughtof asexplanationdor thearithmetic
resultsexpressedh thefirst view. FriedmanmandSchwartz'sexplanatiorandthe
oppotunity costexplanatioraremorecomplementshansubstitutesAnd finally,
FriedmanmandSchwartz'sheoryandBaumolandTobin'stheorymaybethoughtof as
anexplanatiorfor why the measuredncomeelasticityof thedemandor moneyis
lessthanone.

In short,thedeclinein velocity of moneyattheaggregatdevelis oftenreadas
anincreasan demandor money.lt is saidthatthe perilousconsequencesssociated
with declinein velocity maybe dampenel or altogethemvoided if sufficient
moneyis injected.Thevelocity of moneyis of paramountmportanceor
macroeconomic€lrhornton1983).Therole of monetarypolicy, andits ability to
influencereal output,depend®n the answerto the questionof why velocity of money
behavesheway it does(De Long2000).Velocity of moneylies attheroot of the
differencebetweenrving Fisheron the onehandandKeynesandHawtreyon the
other(Lounsbury1931,40). While Fisherassumedhatthe velocity of moneywas

largely stable KeyesandHawtreyincorporaé the dynamismin velocity of moneyin
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their analysisKeynesis quite explicit aboutthisin the Tract on MonetaryReform
(1923).

Now 'in thelong run'this [the rigid quantitytheory]is probablytrue....

But thislongrunis amisleadingguideto currert affairs.In thelong

runwe areall dead.Economistsetthemselve$oo easytoo uselessa

taskif in tempestuouseasonsheycanonly tell usthatwhenthe storm

is long pastthe oceanis flat again.

In fact, therise of nGDPtargetingasa substitde for rigid monetarismhasmuchto do
with theunusualdeclinein velocity of moneyin 198283 (Gordon1984).Somuchso
thatRobertGordon(1983)referredto it asOthevelocity recessiorandthe demiseof
monetarismO.

Our analysissuggestshatthedeclinein thevelocity of moneyis a
consequende notacausél of realproblemsTo turn LelandYeager'g1997)dictum
onits head:.whenoutputshutterstheveil flutters. Injectingmoneyinto the
economyN howeverit maybedone\ cannothelpeconomicactorscoordinatetheir
plans.Moneyis not a substitutefor newplans.We differ from boththosewho assume
velocity of moneyis stableandthosewho don't,for boththe stability andinstability
in thevelocity of moneyis areflectionof humanactionat the micro-level. All
problemsandsolutionsmustbe soughtandfoundatthe micro-level. A
macroeconomicthatbeginswith the velocity of moneyi,irrespectiveof whethernt
treatsvelocity asstableor unstableassumegawaymuchthatis of economic
significance.

Much of whateconomicactorsdo mayappeairrationalwhenlookedat from the
outside;howevermattersappeadifferently whenonelooksfrom insidethe mindsof

economicactors Economistssitting at far-awaybureausnay seefearandirrationality

in the eyesof thefarmerwho reducespendingduringarecessionkor theeconomist,
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thefarmeris atroublemarkerbecausdérom anaccountingooint of view herdecision
to spendessleadsto afall in GDP.In sofar asthe economistsaretaskedwith thejob
of maintaininga stablegrowthrateN asmanyareN thefarmeris makingthe
economistQeb moredifficult. In reality, it is the economisivho makesthe farmerOs
job moredifficult. Aggregatevariabledike GDParenot merelyaccountentries;
insteadthey are aggregationsverinteractionsamongthe plansof manyeconomic
actors.Nationalincomeaccountingdatado not highlight the actionsof economic
entities.Countingis not creating And assumingso canleadto all kindsof problems

for thosewhoseactionsgenerateeconomicoutcomes.

4.8 Nominal Stabilization as Sourceof Real Disruptions

Proponent®f NGDPstabilizationpointto suchabruptdownturnsin the
growthof nominalGDPasoccurredn 2008assomethinghatcouldbe eliminatedby
havingthe Fedstabilizenominal GDP.We donOtloubtthatthereis a sufficient
monetaryexpansiorthatcould offsetanydeclinein nominalGDP, providedonly that
V remaingpositive.To concludethatnominalstabilizationimpliesreal stabilization,
however,s possibleonly if monetarychanges alwaysneutral Actually, thereis
strongreasorto think thatmonetarychangds neverneutral,asBilo andWagner
(2015)explain,providedonly thattherearemoreprojectsfor which entrepreneurare
seekingsupportthanthereis a supplyof creditableto offer thatsupport.Credit
processeareinvolvedin selectingamongentrepreneurigbrojects.Onceit is
recognizedhatpeoplelearnthroughtheir activities,the selectioramong
entrepreneurigbrojectswill chang the patternof knowledgethatoperatesvithin a

society.Whenpeoplelearnthroughdoing,interactionwithin the ecologyof
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enterprisegontinuallychangegshe structureof knowledgein society.
Entrepreneurshifs not neutral,noris the creditprocesgshroughwhich
entrepreneurigbrojectsareselectedNominal GDPstabilizationwould seenmto
impederatherthanfacilitate entrepreneurialhgenerateevolution.

Within acomparativestaticframework,supposeheinitial monetary
equilibriumis disturbedby virtue of asubsebf peopleincreasingheir money
balancesspreludeto undertakinghewentrepreneurigbrojects.Fromthe perspective
of the centralbank,velocity hasdeclined.StabilizingNGDPwould call for the Fedto
increasats asseholdingssufficiently to stabilizeNGDPatits perceivedrendlevel.
Whenthis actionis viewedin termsof aggregatetatisticsnothingmorewould seem
to beinvolvedthanincreasingaggregatespendingrom whatit would otherwisehave
been.Thisview from thelevelof aggregatestatisticshowever,s incompleteand
inadequatdecausdt ignorestheindividual conditionsthatmustbe metif monetary
equilibriumis to prevail. To satisfythoseindividual conditions,it would be necessary
for the centralbankto identify which individualshaveincreasedheir demandor
moneyandby how much.The centralbankcouldthenbuy asset$rom thesepeoplein
theright amountgo supplytheincreasedlemanddgor moneyby thoseindividuals.
Knowledgeof thistypeis notavalable to a centralbank,andmight not evenbe
knownin explicit detail by thosewho areaccumulatingnoneybalances.

Theincreasan theaggregatenoneysupplywill notmirror the particular
patternof increaseadlemandor moneythathasbeenaggregatedo meanadeclinein
velocity. Openmarketoperationgo increasehe supplyof moneycanselectdifferent
entrepreneurigbrojectsthanwerein the procesof beingselectedy those

entrepreneure’ho wereaccumulatingnoneybalancesAt this pointwe encountera
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tricky questionof opportunitycost.Theincreasedlemandor moneywould depress
realactivity solong aspricesarenotfully flexible. But thedepressiomn realactivity
hasstructureto it, andyet macrotheorypretty muchtreatsthis depresionas
formless.ForinstanceKeynes(1936,p. 379)claimedthatthe expansionarypolicy he
wasadvocatingvould acton the volumeof employmentbut not on thetype of
employmentln advancinghis assertionKeyneswasstatingthe neoclassical
synthesisvheremoneyis universallyandperpetuallyneutralbeforethatsynthesiad
evenbeenarticulatedThis assertiordeniesanyinteractionamongpartsasthe process
throughwhichthewholeis constituted.

Oncetheecologicalcharacteof the micro-macrorelationships recognizeda
significantquestionpertainingto opportunitycostarises Therecessionhatreflects
the effort of somepeopleto accumulatenoneybalancesvhile forming plansfor
subsequergntrepreneurigbrojectswill necessarilyower the volumeof transactions.
This loweringwonObeto transactionén generalputwill havea structuralpattern
thatis relatedto the objectsfor which thoseentrepreneurseducetheir spendingln
thisinstance NGDP stabilizationwill redirectthe suply of creditfrom forward
looking entrepreneurigbrojectsto supportingpreviouslydevelopedrojectsthatwere
candidategor beingreplacedoy the newprojects NGDPstabilization,in other

words,will impedecreativeevolutionwithin the ecologyof plansof asociety.

4.9  Concluding Remarksand Thoughts
The Classicaleconomistsearcheavithout successo locateaninvariant
standardf value.Laborcommande@ gooddealof attentionin this respectthoughit

washardlyinvariantacrosgime andplace.Gold likewise seemedo havesomesuch
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featureshputit too failed anytestof invariance An invariantstandardf valueis
possiblyamirage,asa specie®f auniversalandabsolutestandardf justice.Forthe
crookedtimberof humanity(Berlin 1991),howevermanystandardsnightbe
articulatedout nore will commanduniversalassentThe bestthatcanbe hopedfor is
areasonablelegreeof invariance mostof thetime andundermostcircumstances.
Life in thesocietalecologywill neverresembleghe perpetuaktability of general
equilibrium,for birthsanddeathspothof peopleandof enterprisesis anenduring
featureof societiesasis creativity. Thosebirthsanddeathsandalsocreativity, will
translatanto societalturbulenceMostly thatturbulencewill be modestputatsome
timesandin same placesit seemgo becomedistinctly immodest.
Nominalstabilizationis notarecipefor eliminatingturbulencewithin
societiesThereis no suchrecipe,for theingredientsnecessaryo developsucha
recipeareinconsistentvith humannatureandits perpetuakffort to createnew
techniquesindnewenterprisesn anenvironmenivhereeveryonds alsofallible and
mortal. Yet peoplehaveshowncreativeandresilientability to dealwith turbulence,
providedonly thatpolitical powerandpolicy doesnat interferewith deploymenof
thoseabilities (Wagner2012b).Seekingto stabilizenominal GDPis to chasea
mirage.A superiordirectionat which to aim a concernwith turbulences attheways
in which political activity mightretardthe reasonablefforts of peopleto calm
turbulenceelativeto thewaysin which it might strengthersuchefforts. To movein
thatanalyticaldirection,moreoveryequiresrecognitionof somethindike the micro-

macroform of systemidnteractionthatwe havesketchedere.
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