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Abstract

In this paper we argue that network collapse is a key feature of

economic downturns. In a model where individual �rms produce more

if they have a larger network, but where they have to break up with

existing links within their network in order to upgrade technologically,

we �nd endogenous network cycles. We argue that network collapse

is likely to have been an element of three major downturns (the Great

Depression in the US of the 1930s, the collapse of the Russian economy

following the reforms in 1990, and the downturn in the Indonesian

economy after the Asian crisis in 1997). Simulations show that various

features of downturns are replicable with the basic model.
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1 Introduction

Can collapsing networks explain the advent and severity of recessions within

production function models1? In this paper we develop a very simple macro-

economic model of the endogenous formation and collapse of business net-

works, and we present simulations to ascertain whether collapsing networks

are at least qualitatively able to �t realworld growth cycles.

Business links have emerged in game theory (see Goyal 2004), �nan-

cial markets (Gale et al. 2007), and the management literature (Meier and

O�Toole 2007) as an important input into market transactions and the activ-

ity of �nancial and corporate managers. They �t the requirements of Stiglitz

(2002) and Summers (1999) of being the market�s answer to transaction costs:

building links is important in order to procure inputs, sell output, match het-

erogeneous workers together into productive units, and new links are needed

to use new technology and to sell the new products. More than this, the

two-sided nature of links makes network collapse a prime candidate for an

explanation of the advent and severity of recessions: a link can be broken

up unilaterally and yet a¤ect both sides. This negative externality in turn

allows for output declines too large to be explained by individual optimisa-

tion. Unemployment, bankruptcy, and restructuring would be the empirical

consequences of production factors �left idle�because of the destruction of

the links with the factors they were previously connected to.

Why would one need collapsing networks to explain recessions? Our

motivating data is the large decline in Total Factor Productivity during large

recessions. In Figure 1 we show three of the largest economic downturns of

1The frontier in current theoretical models is exempli�ed by Audretsch and Keilbach

(2004), Atkeson and Kehoe (2007), Comin and Gertler (2003), Durlauf et al. (2008),

Francois and Ellis (2003), Harrison and Weder (2006), Kehoe and Prescott (2007), Ngain

and Pissarides (2007), Ranciere et al. (2008), and Smets and Wouters (2007). Whilst

none of these use the same formulation as the original Solow-Swan model, nearly all are

based on the three production factors of the Solow-Swan model (physical capital, human

capital, and technology). The exceptions are Audretsch and Keilbach (2004) and Atkeson

and Kehoe (2007) whom we will discuss at length later.
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the 20th century that capture a diversity of times, countries, and economic

systems: the Great Depression in the US, the collapse of the Russian economy

after the fall of communism, and the downturn in GDP in Indonesia following

the Asian �nancial crisis2. This graph shows the 15 years leading up to

the downturn and the ensuing period of recovery. The Great Depression,

which started in 1929, followed a period of reasonably fast growth. When

the recession struck, the US economy took some 4 years to bottom out,

at which point GDP had dropped some 30%, involving widespread misery,

bankruptcies, and intervention programs. The Russian Collapse followed

a long period of virtual stagnation in the economy, but saw an even more

dramatic downturn, with production halving in the space of about 4 years.

The eventual recovery took some years to begin and even after 15 years GDP

had yet to revisit its pre-downturn level. The Indonesian crisis followed a

period of very rapid growth, after which its GDP witnessed the sharpest

drop (15% in one year), was fastest to start recovering, but still took about

8 years to reach its former level.

2Data Sources: the Maddison world tables (for Russia and the US); the Kehoe Prescott

(2007) online data �les (for the US); the Indonesian GDP data set of Pierre Van der Eng

whom we thank for generous access to his data. The Appendix details the construction of

all data series in this paper, as well as the manipulations underlying Figures 2 and 3.
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Figure 1: the real GDP decline of the US in 1929,

USSR in 1991 and Indonesia in 1997
What we know of these recessions is that there was no decline in the stock of

Labour, Physical Capital, or Human Capital that �ts the sharp initial decline

in GDP. Figures 2 and 3 show the TFP decline (de�ned as the Solow resid-

uals) for both the US and Indonesia, with a large negative spike in the �rst

year of the recession. These two �gures also show a residual curve in which

the contribution of negative changes in capacity utilisation and employment

have been taken out of TFP. The smaller variance of that residual and the

absence of any remaining spike means that whatever production factor is in-

volved in the decline in TFP is highly correlated with capacity utilisation and

employment. The large decline in TFP also holds for many other recessions

in the 20th century (see eg. the 18 recessions studied in Kehoe and Prescott,

2007).
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Figure 2: TFP and Residual Plots for US
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Figure 3: TFP and Residuals plots for Indonesia
In Section 2, we present our micro-macro model of network formation and

collapse. In our model, �rms in normal times look to create business links

to produce more of the same product, but they break o¤ former business

links when they adopt new technologies during restructuring. A recession is

then the result of a feed-back mechanism, where �rms initiate restructuring

by abandoning links with partner �rms and a by-product of this destruction

of links is that conditions become more favourable for other �rms to do the
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same. This leads to a cascade of restructuring and hence a major down-

turn detrimental to employment in the formal sector and output. We show

that one can obtain this behaviour without needing any exogenous shocks to

the economy or any irrational behaviour, and we simulate the model under

various parameters. Even though the model is extremely simple in that deci-

sion makers are rational myopic maximisers who only make 2 decisions each

period, it still �ts the salient characteristics of the three downturns.

The main characteristics of networks in our model closely follow the bare

facts of major downturns: networks can quickly be destroyed, which �ts

the rapid decline in GDP witnessed in major downturns. Business networks

that link suppliers and clients exist in a variety of economic systems, even in

communist systems, meaning that network destruction would have an impact

in di¤erent systems. Since network destruction has an involuntary element

to it, it is in principle able to �t downturns that are too large to believably

be self-in�icted. Finally, depending on the search environment, it is at least

possible that network recovery can take several years, which is how long it

takes to recover from major downturns.

In Section 3 we show a large set of simulations with our model in order

to see if reasonable parameter choices can indeed give endogenous growth

cycles that have the length and depth of observed recessions. At the end

of that section we compare the predictions of our model with that of other

approaches. Section 4 concludes.

Our paper contributes to the policy debates on optimal reactions to eco-

nomic downturns, though our contribution is only at a high level of aggre-

gation: knowing what production factor is involved in recessions determines

the direction of the search for policy levers. If the missing production factor

would, for instance, turn out to be entirely self-contained within organisa-

tions, such as the organisational capital of Atkeson and Kehoe (2007), then

new policy reactions to downturns can be sought in the realm of prevent-

ing organisations from breaking up. Alternatively, if downturns are truly

about technological regression then policy might have a role in �preserving�
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technological knowledge. Conversely, if downturns involve negative network

externalities of choices of individual �rms, then policies could be aimed at

changing the incentives of those choices or containing the externalities.

1.1 Prior literature on growth cycles and economic

downturns

The stylised model of neo-schumpeterian growth cycles (eg. Grossman and

Helpman, 1991; Cabellero and Ja¤e, 199x; Boldrin and Levine 2001, 2010;

Francios and Loyd-Ellis, 2003) is one whereby �rms can invest in new tech-

nologies which yield reduced unit costs, where the adoption of new technolo-

gies requires a period of initial investments during which the output of the

whole economy can go down. Either at the level of �rms, or the level of the

whole economy, the new technologies require a �learning period�(Aghion and

Howitt, 1998). In our model too, �rms are motivated by better technologies

and actively engage in investments that reduce the amount of labour avail-

able for production. The main di¤erence is that within our model, a recession

is primarily characterised by the negative externalities of individual optimis-

ing behaviour, i.e. the collapse of the networks is a by-product of individual

actions. Such negative externalities are not part of the neo-Schumpeterian

growth cycle literature, which means that our model does not require us to

assume that unemployed labour is voluntarily idle or that �rms knowingly

choose to reduce output by up to 20% for several years, as in the Great

Depression.

The existence of negative externalities is also the main di¤erence between

our model and that of classic Real Business Cycle models (eg. Phillips and

Wrase, 2005; Harrison and Weder, 2006; Kehoe and Prescott, 2007) where a

variety of exogenous shocks to technology or production coe¢ cients can cause

an output decline. In empirical applications of RBC models that include such

shocks (see, e.g., Durlauf et al., 2008; Smets and Wouters, 2007), observed

output declines and unemployment increases are then explained as due to

shocks in the marginal productivity of labour, shocks to the preference for
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leisure, shocks to capital, etc. Again, the basic idea that recessions are

part investment into future output is in our model too, but, in contrast,

our model gives an endogenous story in which downturns are inevitable as

�rms try to catch up with the technological frontier. Perhaps the greatest

di¤erence though is that the our concept of business networks is predicated

on transaction costs that make it impossible to instantaneously assign the

basic production factors to their most productive use. Hence, within our

model, the unemployed are truly unemployed in that they could do more

productive things if only they could instantaneously develop the necessary

links with capital and other workers.

Negative externalities are also the main di¤erence between our model and

those based on �rm-speci�c capital that is abandoned during recessions (for

a recent book on restructuring and the implications of �rm-speci�c capital,

see Caballero, 2010). Business links are inherently two-sided while �rm-

speci�c knowledge is not. This means that recessions driven by the choice to

abandon less productive types of capital (such as Atkeson and Kehoe, 2007,

who use the term �organisational capital�) are implicitly viewed as voluntary

contractions in output by �rms choosing to have lower output now in return

for higher output in the future. This limits the degree of severity of an output

decline that can be explained by the abandonment of �rm-speci�c capital.

There have been previous explanations of downturns that share a �avour

of an additional production factor that gets destroyed due to the actions

of others. In case of the Russian Collapse, Blanchard and Kremer (1997)

invoke the di¢ culties of matching productive partners when they describe the

output collapse as occurring due to reorganisation, which implicitly means

the stock of links between partners is a �new�production factor. Roland and

Verdier (1999) similarly implicitly appeal to the stock of links as a production

factor. Yet, these micro models were not translated into macro-explanations

of downturns. Our model can be seen as formalising many of the arguments

of these two papers in that we introduced the notion of a stock of links and

speci�ed the processes involved in their accumulation and destruction.
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Baumol (2002), Acs and Audretsch (2003), and Bezemer et al. (2003)

all suggest that entrepreneurial links are the missing factor in production

function models required to explain cross-country di¤erences in economic

performance. The paper by Bezemer et al. (2003) focuses on the political

di¤erences between socialism and capitalism. Though the model in that pa-

per is not focused on endogenous business cycles and substantially di¤ers

from that in this paper, it does appeal to links in a production function in

order to describe the economic di¤erence between socialism and capitalism.

Audretsch and Keilbach (2004) present an explicit production function with

an institutional factor called entrepreneurial capital, which is de�ned as "fac-

tors conducive to the creation of new business links". However, the role of

links in production itself is not modelled or expanded upon by the authors.

2 A model of links, technology and growth

Consider an economy which consists of a continuum of representative �rms,

each of measure zero and a combined measure of unity. In the simplest

model, production of a good (with unit price) is described by a function

with two inputs: labour and entrepreneurial links. Entrepreneurial links are

an organisational input��rms need to be organised into a structure, such

as a distribution network. It is therefore assumed that, because of market

frictions, a distribution network is essential to ensure that goods are sold

and consumed in the marketplace. Entrepreneurial links (Et) are hence a

necessary input into sold output (yt) as these links are the production chains

in the economy, which can be measured by the stock of business contacts of

a �rm. Entrepreneurial links (Et) form a capital stock, and are most vividly

described as the glue that brings together the other factors of production

into supply chains (in the simple models the only factor to be coordinated is

labour). A situation without links (Et = 0) describes an economy in complete

autarky with in�nitely high transaction costs. A situation with many links

(Et is high), describes a diversi�ed economy with low transaction costs.
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Households possess a �xed endowment of labour (Lt), which they provide

to the economy�either as a direct input into production, or as entrepreneurial

labour. Entrepreneurial labour (LEt ) is tasked with building up the stock of

business contacts (Et) by engaging in networking activities. Through a search

process, entrepreneurial labour forges contacts with other entrepreneurs, who

each represent a potential partner �rm.

Every period, t, households myopically maximise consumption of sold

output, given by the Cobb-Douglas production function:

yt = At(Lt � LEt )�(Et)1�� (1)

where yt is sold output at time t, Lt � LEt is the net quantity of labour
used as an input into physical production, and At is the technology exploited

in producing sold output in this period. Note that because the economy

has a continuum of representative �rms, with a total measure of unity, we

can use �yt; Lt; and Et as the total amount of output, labour and stock of

entrepreneurial links in the economy.

Firms select levels of Lt and invest in the stock of Et by allocating labour

LEt . We distinguish between Dt; the amount of links replaced, and Mt; the

amount of links added. Firms selecting positive levels of Dt and Mt meet

on a market for links. Entrepreneurial labour here has the role of perceiving

pro�t opportunities and therefore going into the market for links to take

them up. This is the role of the entrepreneur described by Kirzner (1997),

in a neo-Austrian look at competitive markets. Presuming constant returns

to scale in the matching function, we can write the number of links formed

as a linear function of time-investment:

�LEt = Dt +Mt with � > 0 (2)

where � denotes the conversion rate of labour LEt into links.
3 In terms of

3The linear relation between new matches and labour input essentially presumes

constant-returns to scale in the matching technology which, according to Petrongolo and

Pissarides (2001), seems a plausible assumption of matching processes.
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search theory, � can be interpreted as the arrival rate of links per unit spent

searching.

Firms engage in adding additional linksMt in order to increase their total

stock of links. Firms engage in replacing existing links in order to improve

their technology. Whenever a �rm increases its e¢ ciency by initiating a

new production method, producing new products, or changing its internal

organisation, it will typically make new demands on its input suppliers or

output buyers. Switching transaction partners will be optimal under new

production or sale conditions since old �transaction partners�were selected

so as to match old production and sale processes. Firms tend to replace their

networks as they improve their technology At. As in Schumpeter (1934)

and Routledge and von Amsberg (2003), the destruction of old links is an

inevitable by-product of the creation of new production and sale methods4.

Schumpeter puts it like this: "the carrying out of new combinations we call

enterprise". We term the replacement of links restructuring. We explicitly

model technological progress as depending on the extent of link replacement

Dt:

At = At�1 + (A
�
t � At�1)minf

Dt

Et�1
; 1g (3)

A�t = (1 + a)A�t�1 (4)

where A�t is the technological frontier which grows at a constant proportional

rate a, and can be thought of as the cutting edge research at time t. The

idea is that replacement implies replacing the old technology with the latest

available technology, leading to complete adoption of the latest technology

only if all previous links are replaced (when Dt � Et�1).
A pivotal implication of the two-sided nature of links is that when one

�rm replaces a link, other �rms su¤er the negative externality of losing some

of their links. In order to say something about what this means for the

4Routledge and von Amsberg (2003) provide a game theoretic model of links based on

the idea of cooperation in a repeated prisoner�s dilemma. To model growth they assume

too that new trading partners are necessary for technological advancement.
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evolution of Et we need to be more precise about our search technology for

links.

2.1 The search technology for links

Our simple model of search for links is essentially borrowed from the standard

theory of job search in labour economics (see for a survey Petrongolo and

Pissarides, 2001).

Denote the number of entrepreneurial links of a representative �rm i by

Ei, the number of new contacts a �rm generates by Mi, and the number of

links it replaces through a creative destruction process by Di. Assume the

number of �rms in the economy, F , to be very large, such that the mass of

links an individual �rm has is almost zero. Each period, �rms decide to use

their entrepreneurial labour to either generate new links (this activity has no

externality) or to engage in restructuring by �nding a replacement link.

The timing is as follows:

1. Firms seek extra links and replacement links

2. Replacement links materialise and existing links get destroyed by the

replacement activities of other �rms.

3. Latent additional links materialise

4. Output is produced

New links (both extra and replacement) are accumulated by entrepre-

neurial labour LEt . Once it enters the market for links, each unit of entre-

preneurial labour in �rm i, has a probability of forming a link with a unit

of entrepreneurial labour representing another organisation. We presume a

constant returns to scale matching process, such that the number of latent

connections being made is linear with LEt :

We now need to count the number of links created and destroyed. Con-

sider the case where two �rms, i and j form a new contract by replacing
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previous links. Both �rms retain the same total number of links after the

replacement process, as they substitute one connection for another. The ex-

ternality occurs because the two �rms that i and j were previously connected

to lose a link each. If these former links were necessary parts in a chain of

k links, the net loss of links to the whole economy is � = 2k � 2, where k
denotes the average number of �rms involved in a production chain (k � 2).
These destroyed links are presumed to a ict the existing set of links in the

economy randomly (i.e. it is possible a chain is broken more than once be-

cause more than 1 member of a chain replaces a link). Therefore, we compute

the probability of any existing link surviving the process of restructuring to

be
�
1� 1P

i Ei

�P
j 6=i �Dj

.

2.2 Analytical results

When the number of �rms tends to in�nity, the limit of the probability of

a random link surviving the replacement process is: exp(��D
E
)5: Therefore,

in an economy with an in�nite number of �rms, the number of links �rm i

possess after restructuring and extra links is equal toMi+Eie
�� Dt

Et�1 . Adding

time subscripts and re-labelling, this gives us the following formula for the

representative �rm:

Et = Et�1e
�� Dt

Et�1 +Mt (5)

where Dt is the average level of restructuring in the economy at time

t. The term e
�� Dt

Et�1 denotes the externality involved in restructuring. One

can also see it as a limitation in ownership rights over the links involved in

technology, an observation about reality echoed in the model of Michelacci

(2003) who also argues that many innovations involve sharing between agents

(limited appropriability).

Inserting all these equations begets the following maximisation problem

5Note that D denotes the average level of restructuring in the economy.
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for the representative �rm:

max

Dt; Mt

yt =

�
At�1 + (A

�
t � At�1)

Dt

Et�1

�"
Lt � 1

�
Dt

� 1
�
Mt

#� �
Et�1e

�� Dt
Et�1 +Mt

�1��
(6)

the individual �rm maximises this with respect to Dt and Mt; taking Dt

as given. The rational expectations equilibrium is given by the allocation

where Dt = Dt: In the appendix we show that this maximisation problem

has a unique solution. Here we focus on its main characteristic, i.e. the

mechanism via which cycles can emerge.

The important aspect of this maximisation problem relevant for cycles is

the issue of whether Dt is greater than zero or not. When Dt is zero, then the

problem becomes that of optimising production without externalities, which

does not allow for negative downturns. Only a positive level of Dt might

create the slowdowns we observe in the real world following a crisis event.

By taking the �rst derivative of the maximisation problem and reorganising

we �nd that a positive level of Dt will occur if:

(A�t � At�1) >
Et�1�At�1
�Lt �Mt

: (7)

This equation is the main solution equation of our model because it shows

the major con�icting forces at work. The left-hand side of equation 7 is

proportional to the �bene�t�of the individual �rm of engaging in replacing

links while the right-hand side is proportional to its cost. The incentive

for entrepreneurial labour to partake in replacing existing links is that the

technology used in production can move closer to the technological frontier,

and therefore the potential bene�t of this process is given by A�t � At�1.
The cost of engaging in replacing links is positively related to the amount of

production that could have been achieved by not engaging in searching for

replacement links at all, i.e. it is positively related to the quantity of Et�1
and �. Because the productivity of entrepreneurial links is a function of the

level of technology, we see that the cost of Dt is also a positive function of

At�1.
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The presence of Et�1 in equation 7 is the crucial bit that drives the

cyclical nature of the economy: when the technological frontier is close, the

distance A�t � At�1 is small and �rms will not engage in replacing contacts
but will invest in additional contacts and in production. This increases Et:

As the technological frontier moves further away from the actual economy, a

threshold is passed where it becomes pro�table for �rms to replace existing

contacts. However, the replacement of existing contacts by other �rms leads

to a fall in Et which further increases the incentive to replace even more

contacts. Hence the economy slips into a spiral of replacing contacts until

the �rms are so close to the frontier that they cease restructuring and in

stead again invest in additional contacts.6

A corollary of this mechanism is that, ceteris paribus, the further a nation

is from the technological frontier, the more output will decline during a cycle

of restructuring. Although this was not one of the stylised facts we aimed

to capture, this explains the di¤erences in economic performance between

America and Russia, as depicted in Figure 1. It could be argued that Russia

was further away from the technological frontier in 1990 than the United

States was prior to the Great Depression. Therefore, when communism was

abolished in Russia and entrepreneurs were allowed to build new links, rather

than having them allocated by the state, the catch-up in technology was

relatively large. Hence, the bene�ts of restructuring took a long time to be

realised and resulted in the severe decline in GDP which is observed. For

Indonesia we could argue that this model describes only the modern and

export-oriented part of the economy in 1997, but not the agricultural or

resource sector. The lack of links between the modern and traditional sector

would explain why the downturn in the �rst year did not spill over to the

other sectors and hence why the recovery started so �soon�.

While the solution equation above suggests the possibility of cycles, we

6One can envisage a more complicated model with multiple sectors where the condition

is only satis�ed for some sectors and not for others which allows for the possibility of small

downturns. As long as the spill-over of the downturn in one sector on the links in other

sectors is not too large, the economy as a whole does not enter a major downturn.
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now turn to simulations to see what shape they would have and how strong

they can be.

3 Simulations

The purpose of these simulations is to show that our simple micro-macro

model can indeed generate strong business cycles, even though it does not

contain any random shocks. The simulation commences with a set of initial

values (for t = 0) and proceeds to solve the optimisation problem for the

endogenous variables in each subsequent period, running for a total of 200

time periods. We use a number of di¤erent parameter values in order to

illustrate the features of the model. The assumptions for starting values are

given in the table below:

Parameter Simulation 1 Simulation 2 Simulation 3 Simulation 4

A�0 0:22 0:22 0:22 0:22

A0 0:2 0:2 0:2 0:2

Lt 1; 8t 1; 8t 1; 8t 1; 8t
LE0 0:1 0:1 0:1 0:1

E0 0:4 0:4 0:4 0:4

D0 0 0 0 0

�t 1; 8t 1� e��Et�1 1� e��Et�1 1� e��Et�1

� N=A 2 2 2

� 1 1 1:5 6

� 0:7 0:7 0:75 0:75

� 4 4 3 3

at 0:02; 8t 0:02; 8t 0:01 +X1t 0:01 +X1t

The parameter that relates to existing models of production functions is

the technological growth rate (a), which we have set at 2% per year. By

setting the parameter � to 0:7 we presume an important but not dominant
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role for links in production (i.e. 30% of the importance of labour). The

levels of the variables �t and Lt are essentially normalisations for the simple

simulations. The starting values {A�0; A0; E0} have mainly been set in order

for the economy to start �showing� business cycles within 20 years of the

starting period, but we may mention that changing these starting values

merely �postpones�or �rushes�the onset of business cycles and are hence not

of inherent importance. The main variable that di¤ers between simulations

is � which is a measure of the strength of the externality7.

Figure 6 shows the results of simulation 1. This simulation is one where

production chains are relatively short (� = 4) and the initial economy is

almost at the frontier.
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Figure 6: Results of simulation 1.

Panel A in Figure 6 depicts the national output series from which one

can immediately see recurring business cycles. These downturns occur pre-

cisely as expected - at times when restructuring, Dt (see Panel B), is being

7The variable � denotes an extension to the model and is introduced later. The variable

X1t is introduced below, and will denote a random variable with X1t � Exponential(� =
100), so that the expectation of at remains 0:02.
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undertaken. When restructuring occurs we observe an improvement in the

level of technology used in production, as shown in Panel C by the decline in

the gap between the technological frontier, A�t , and technology used, At�1.

Panel D details the evolution of Et which falls from a steady level when link

replacement begins. The drop is slow initially, although it quickly gathers

momentum and �nally stops with approximately the same level of entrepre-

neurial links remaining, before it builds back up through the investment in

additional links. This exactly re�ects the stylised facts we wanted to model

and the dynamics described by expression (7).

3.0.1 Extension 1: Slow recovery due to increased search costs

Some observed recoveries are quite fast, such as in Indonesia and as seen

in the recoveries of the simulation above. Yet others are slower, such as

the recovery in Russia or during the Great Depression. We thus extend the

model to show the features connected to slower recoveries. To this end we

add an additional feedback e¤ect to the rate at which links are found:

�t = 1� e��Et�1

this speci�cation builds a connection between the quantity of links in the

economy and the ease of making additional links, e¤ectively introducing the

notion of dynamic returns to scale in link formation. One can interpret this

as a �thick market�externality (FOOTNOTE on micro-foundation). While

we do not particularly wish to defend this assumption for its empirical plau-

sibility, we build it in to demonstrate how fairly simple deviations from the

initial model can generate particular features of recessions we want to mimic.

Since �t is predetermined, all the results on individual decision making

still go through. All that changes is that a drop in Et in one period increases

the costs of �nding new links in subsequent periods, thereby making it costlier

to re-build the destroyed networks which slows the recovery down. In the

simulations below we show how this change a¤ects the predicted business

cycles.
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We begin by running a simulation with the same parameters as above,

but with the inclusion of a non-constant �t. The results are in Figure 7.

Figure 7: Results of simulation 2.

Figure 7 once again shows a consistent pattern of business cycles: the

cycles coincide with restructuring, technology improves during these periods

and output falls due to a sharp decline in Et. When comparing this to the

previous simulation, it is evident that the recoveries are slower (Yt returns

to its previous level in a much more tempered way) and because of this the

overall growth in the economy (over 200 periods) is slightly lower. This is

to be expected because recoveries now take more labour e¤ort as it is more

expensive to repair destroyed entrepreneurial links.

3.0.2 Extension 2: What if there are shocks and link replacement

is costly?

Note that in the simulations so far we have assumed that technological change

occurs at a constant rate and that there are no unexpected shocks to the

quantity of entrepreneurial links in the economy or any of the other stocks. In

19



the next few simulations we add such shocks, mainly in order to see whether

our model can simultaneously generate infrequent major business cycles as

well as regular small business cycles.

While at is still generated exogenously, this occurs through a random

process, at = 0:01+X1t whereX1t is a random variable withX1t � Exponential(� =
100)8. This means that at is the sort of productivity shock one may see in real

business cycle models. Furthermore, we assume that there are (infrequent)

shocks to Et, denoted et, where et = X2tX3t and X2t � Binomial(n = 1; p =
0:05), X3t � Normal(� = 0; �2 = 0:4). Hence a shock to Et will only occur
in roughly 3 out of 10 periods and its magnitude will be given by the draw

from the normal distribution with zero mean and variance of 0:05. We there-

fore have to be careful to ensure Et does not become negative due to this

shock, and hence the dynamics of Et are given by Et = Et�1e
�� Dt

Et�1
�e2t +Mt

Furthermore, we have presumed so far that it is just as easy to �nd an

additional link as it is to replace an existing one. An important deviation of

this considers the idea that it may also be costly to the replacer to walk away

from a previous link. In terms of the matching process, this can be captured

by an augmented equation (2):

�tL
E
t = �Dt +Mt (8)

where the parameter � � 1 captures the di¢ culties of breaking a link for
the �rm abandoning it. The more di¢ cult it is to replace a link, the higher

�: There are two possible interpretations for �: One is that it represents

a cost inherent to the legal or political regime in a country. For instance

(1- 1
�
) could be the probability that the legal or political structures veto an

intended replacement of a link. The more controlling and dirigiste a political

system, the higher �: The second interpretation is that it relates to the search

di¢ culties of �nding new partners who are at the technological frontier. The

harder it is to �nd potential trading partners at the frontier, the higher �:

8Note that the mean of at is still rougly 0.02 (depending on the simulation), but shocks

in it will be visible.
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This additional parameter means that the condition for whether Dt > 0

changes to

(A�t � At�1) >
�Et�1�At�1
�tLt �Mt

which implies that the higher � the greater the relative cost of replacing

links, and hence �rms need a larger bene�t before they engage in replacing

links. We have slightly adjusted two other parameters, � and �, in order

to get business cycles which are closer to reality - in the previous simula-

tions the coe¢ cients were chosen to exaggerate the business cycles. Figure

8 shows what happens to the simulations if we impose the shocks discussed

and presume a signi�cant additional cost for a �rm to abolish its existing

links (� = 1:5).
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Figure 8: Results of simulation 3.

The picture is clearly much less smooth due to the introduction of shocks,

and we can ignore the �rst 30 time periods since the model is adjusting

to the choice of starting values at this time. Once again the graphs are

consistent with the dynamics described in the analytical investigation, and

we see that crises are generated by cycles of restructuring. However, this
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chart shows that with the addition of shocks and correct calibration of the

model, we can generate an economy that experiences rather small business

cycles throughout its growth history and once in a while9 it will experience a

major economic downturn which we are trying to capture (in this case around

time 190). These downturns are driven by a negative shock to Et, and in this

case represent approximately a 25 percent decline in GDP per capita. This

shows that it is possible to generate both major and minor business cycles

in one relatively simple model.

The simulations above beg the question if there are parameter choices

that do not lead to drops in output. This is explored in simulation 4, where

we assume the economy has very high costs of abandoning former business

links (an example may be Russia during communism), with the centralisation

measure � equalling 6.
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Figure 9: Results of simulation 4.

Figure 9, Panel B, shows that under a highly centralised regime, the model

9This could be adjusted by appropriate choice of p in the de�nition of the random

variable X2.
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would settle into a relatively constant level of creative destruction, Dt, over

time and similarly a constant level of Et over time if we did not disturb the

system by shocks to Et. Because there are no sudden explosions in the level of

replacement activity (the peak of destructive activity is much lower), we see

no major downturns in economic growth in this simulation. This may lead

to the premature conclusion that high government involvement is a relatively

better policy approach to take. The contrary is in fact the case. By observing

the growth rate of the economy in simulation 4 (around 2% in each time

period) and comparing it to the growth rates in the previous models (between

2.4% and 3.1% in each time period), we see that the goal of economic growth

is in fact better served if government intervention does not increase �10.

We also see that the economy in simulation 4 is technologically backwards

compared to the economies in previous simulations - the gap between best

available technology and that used in production is much larger in simulation

4 than any of the other simulations.

The simulations above show that the proposed model does achieve its

goals - it provides a consistent story for the behaviour of the economy during

crises based on the role that links have been recognised to play in the business

and the game theoretic literature.

3.1 Empirical stylised predictions

Our model is fairly minimalist and as such has nothing directly to say about

observed savings, interest rates, exports, institutions, long-term growth rates,

credit �ows and many other statistics that di¤erent empirical studies have

tried to �t (Durlauf et al. 2008; Comin and Gertler, 2006; Smets and

10Note that this comparison cannot be drawn directly from the above �gures, since the

level and timing of shocks has a large e¤ect on the outcome of the economy. Because there

are no negative shocks to A�t a large positive shock (say in the order of 10%) at the start of

the simulation will have a large e¤ect on the level of the simulation at the end. Therefore

the comparisons described here are from simulations where no shocks occur in any of the

systems.
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Wouters, 2007; Ranciere et al., 2008). In terms of the issues that are ad-

dressed by our model, it leads to the following stylised predictions11:

1. There is no growth without innovation cycles and the deeper the down-

turn, the greater the eventual upturn. Francois and Lloyd-Ellis (2003)

claim this indeed holds for the business cycles of the 20th century.

2. The longer the period of the up-turn, the deeper the following reces-

sion. This comes about in our model because a long upturn means

that the size of the networks have reached a stable maximum and the

potential technological gain from destroying existing links is high. The

fact that the 2008-2010 recession is particularly severe, following one

of the longest periods of continued growth, �ts this stylised prediction.

As far as we know, the same prediction is not true for existing neo-

Schumpeterian models, RBC-type models, or capital-speci�city models

where the length since the last recession is largely irrelevant.

3. Big drops in output of up to 40% can occur due to purely self-serving

actions of optimising individuals, without any recourse to large exoge-

nous negative shocks. We believe this prediction to only hold for our

model.

4. The main empirically relevant prediction is that a recession involves the

collapse of networks during recessions. This �ts the observed ability of

reductions in capacity utilisation and employment to describe major

downturns remarked upon in the introduction: both reductions in ca-

pacity utilisation and employment can be seen as direct measures of the

destruction of links. On the side of physical capital, a broken link with

labour would lead to idle machines and buildings, and be observable as

spare capacity. On the side of labour, broken links with physical capi-

tal would lead to unmatched workers, i.e. the unemployed. Our model
11We would of course like to have direct measures of networks to �t our predictions.

Unfortunately, as Krugman (1991) pointed out, networks don�t leave a paper trail, making

a direct veri�cation of our hypothesised collapse in networks nigh impossible.
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hence predicts that in bigger recessions more �rms go bankrupt, more

workers get laid o¤, and more capital is idle. That is because within our

model, labour that is not linked to other labour and capital is much less

productive, whilst capital that is not linked to labour is, literally, idle.

This interpretation of unemployment, bankruptcy, and spare capacity,

is not part of either neo-Schumpeterian models, RBC models, or any

other any zero-transaction cost macro-model that we know of: unless

one appeals to entry-barriers12, then in all other production function

models, spare capital and labour should be instantaneously matched

to other production factors, meaning that neither unemployment nor

spare capacity should truly exist in those models.13

5. Labour is never truly idle. The unemployed are either actively creat-

12Examples of recent explanations that appeal to entry barriers are Ohanian (2009), and

Cole and Ohanian (2004). They note the strong persistence of the Great Depression and

that wage levels in many sectors did not drop a lot (an explicit goal of government policy

at that time), which is counter to usual models where wages adjust to unemployment.

Their explanation is that the New Deal policies brought distortions to the labour market

that allowed insider labour to demand higher wages and keep other workers out. As an

explanation this requires that these distortions also apply to new entrants and new sectors

of the economy. While this explanation might apply to certain US sectors, Harrison

and Weder (2006) argues it seems unlikely to have held for the other a¤ected countries

during the Great Depression and that it is hard to believe that insider power could have

been so great as to keep the unemployed out of work for so long in the US. Harrison

and Weder (2006) themselves explicitly rely on voluntary leisure to describe the Great

Depression, involving particular adjustment costs to new hirings to explain its length. In

turn, adjustment cost explanations of unemployment presume a market imperfection that

prevents the unemployed from being self-employed and simply hiring the capital they need.
13Lawrence H Summers (1999) makes the following observations on the Great Depression

that perfectly �t this: "Firms had output they wanted to sell. Workers wanted to exchange

their labour for it. But the exchanges did not take place. To say that the situation was

constrained Pareto optimal... is simply absurd... What happened was a failure of the

exchange mechanism... A model which embodies exchange is a minimum prerequisite for

a serious theory of economic downturns.". Greenwald and Stiglitz (1993) made similar

points on the output collapse of Eastern Europe.
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ing new links by searching for formal employment or are involved in

productive activities that require fewer links, i.e. less specialised pro-

duction with less physical capital. One should not just think here of

the unemployed making their own meals and mending their clothes.

One can also think of nuclear physicists working as taxi-drivers, med-

ical specialists selling home-grown food, etc. Such activities are still

productive activities by skilled individuals, but they require far less

links than the optimal use of their skills would entail. Such instances

of �primitivisation�can be observed in all three of our motivating ex-

amples: in the case of the Russian Collapse, Bezemer (2002) estimates

that some two thirds of the population took up growing their own veg-

etables in order to have enough to eat. It is hard to believe they would

have done this had there been jobs in the formal sector for them at

the going wage. Indeed, a peculiarity of the Russian collapse is that

virtually everyone had a job in the formal economy (unemployment

was minimal) but workers were simply not paid nor was there actually

much to do in those jobs. If you like, bosses sent their workers on �un-

paid holidays�during which they still engaged in productive activities,

but where these activities were simply more primitive than before the

economic collapse. Similarly in Indonesia, Frankenberg, Thomas and

Beagle (1999) report that labourers who lost their jobs, often due to

business bankruptcy, were encouraged to return to the villages in order

to work on the �elds there while physical capital in the cities was left

idle. John Steinbeck (1939), in his Nobel Prize-winning account of the

Great Depression, "The Grapes of Wrath", vividly relates the hardship

and the battle for survival that unemployed workers had to endure. In

all three cases therefore, it is not the case that labour was truly idle,

but it was rather the case that labourers got involved in more primitive

forms of production.

6. The production-increasing activities during recessions are captured by

labour time spent re-matching production factors. This prediction �ts
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the observed increase in returns to managerial activities during the

Russian transition as documented by Brainerd (1998), while it also

�ts the well-documented lack of upswings in R&D and physical invest-

ments during downturns: labour time is used linking already existing

factors of production in new combinations, not inventing in truly new

technologies.

7. A qualitative empirical prediction is that one would be able to observe

cascades of network destruction in particular industries without nec-

essarily seeing them in a whole economy. This would be the case if

the process of network formation in reality is located within industries,

making it possible that one industry restructures whilst another does

not. This stylised possibility di¤ers from competitive models, or mod-

els of capital speci�city, in which any di¢ culties had by competitors

in an industry should be bene�cial for the surviving �rms, meaning

that di¤erential rates of restructuring across industries should peter

out. For the 2008/2009 recession, there is some suggestive evidence

that restructuring was indeed a clustered phenomenon: Koopman, Lu-

cas, and Schwaab (2009) show that defaults in industry sectors are

correlated for the 2008/2009 global �nancial crisis and this could be

because abandoned links put additional pressure on remaining �rms.

However, any other source of industry-speci�c shocks would beget the

same prediction so it is not a strongly di¤erentiating prediction.

Many existing theories about the severity of the Great Depression (see

the review White, 1990) implicitly rely on some notion of the problem of

exchange and the loss of business links via their reliance on bankruptcies.

These include Keynesian explanations that centre around demand factors

creating bankruptcies, monetarist explanations that point to money creation

or price interference as factors that lead to bankruptcies, Austrian theories

that rely on the over-expansion of credit before the Depression as a factor

explaining bankruptcies, and theories of banking that hold that the Great

Depression was caused by the collapse of several agricultural banks, which in
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turn spawned a great many bankruptcies and loan defaults. While we could

not �nd explicit mention in these theories of �links�or �business networks�,

they all appeal to the di¢ culties of re-matching the production factors left

idle by bankruptcies.

4 Conclusion and discussion

In this paper we introduced a model of endogenous network formation and

destruction as an explanation for growth cycles and the severity of downturns.

Business links match other production factors, like labour and capital, into

productive matches and form input-output relations. While the notion of

links is not a new idea, we provided a novel micro-macro model of the creation

and destruction of business links in a growth model, focusing on the negative

externality that occurs if one partner breaks up a link to the other partners

in the chain of links. The �rms initiating the breaking of links do so in

order to improve their technology, but in the process create idle production

factors with their former partners. In simulations, the basic model was indeed

capable of generating severe and repeated growth cycles, and this behaviour

happened in almost the entire grid of reasonable parameter choices.

We should stress that we see the basic model more as a benchmark model

via which endogenous cycles can be interpreted as cycles in networks, rather

than as a realistic model of the real economy, or one that is capable of �tting

the speci�cities of every recession. In order to see whether this work-horse

could be extended to mimic particular economic outcomes, the model was

extended in various directions. By adding exogenous shocks, a more real-

life movement of GDP could be attained. By adding endogenous search

technology for new links where the size of the network itself increased the

ability to �nd new links, the length of time it took for an economy to recover

from a recession was extended in order to �t long periods of economic slow-

down. By adding a network-free sector to the model which served as a

�holding sector� for labour, the model was arguably better able to �t the
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quick recovery seen during the Asian crisis. We argue that this shows our

basic model can indeed be extended to incorporate many of the insights

learned from previous models.

We do not claim too much generality for the mechanism via which down-

turns start in our model. The mechanism we use, i.e. �rms destroying

previous networks to catch up with the technological frontier, best �ts the

Russian collapse. In that case, �rms suddenly found themselves with the op-

portunity to catch up with the frontier and thus were tempted to terminate

links with former trading partners. We are not convinced that this mech-

anism of �rms restructuring to get to the technological frontier is the most

reasonable explanation for the start of the Great Depression, the Indonesian

crisis, or the latest 2008/2009 recession. Yet even for those cases our model

provides a lock-in mechanism which helps explain the depth and persistence

of these recessions.

An interesting question is whether one can think of more mechanisms via

which links get broken. The formal mechanism we proposed focused on the

optimising behaviour of �rms in the presence of externalities. There are many

other formal mechanisms one can explore. For one, consumers can probably

also initiate the abandonment of links by simply not consuming what they

planned to consume for the classic reasons of wanting to save in times of

uncertainty. If there is some kind of lock-in e¤ect at the producers side,

for instance via bankruptcy or when suppliers have to be paid pre-agreed

prices even though production can no longer be sold at expected prices, then

a consumer initiated break-down of links could turn into a restructuring

wave at the production side without any necessary �technological bene�t�.

Similarly, one can think of �nancial intermediation mechanisms via which

defaults and a loss of trust in the ability of �rms and households to pay back

their loans can initiate a wave of broken links.

The main policy conclusion one can draw from the model is that down-

turns have a network lock-in mechanism that allows for the possibility of

small downturns becoming big ones, implying that one could potentially pre-
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vent major downturns by containing the restructuring process.
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6 Appendix

6.1 Analytical Solution to the model

The analytical model presented in section 4 is solved in this appendix. Be-

cause the destructive activities of entrepreneurial labour drive the model, it

is the dynamics of Dt that we particularly wish to unveil. The maximisation

problem as represented in equation 6 is:

max

Dt; Nt
yt =

�
At�1 + (A

�
t � At�1)

Dt

Et�1

��
Lt �

1

�
Dt �

1

�
Mt

���
Et�1e

��
�Dt

Et�1 +Mt

�1��
(9)

The partial derivative with respect to Dt is:

�yt
�Dt

=

(A�t�At�1)
Et�1

yt�
At�1 + (A�t � At�1) Dt

Et�1

� � �yt

�
�
Lt � 1

�
Dt � 1

�
Mt

� (10)

Note that the second partial is negative (because � > 0).

Now, take the partial derivative of 9 with respect to Mt:

�yt
�Mt

=
(1� �)yt�

Et�1e
��

�Dt
Et�1 +Mt

� � �yt

�
�
Lt � 1

�
Dt � 1

�
Mt

� (11)

Note again that the second partial derivative is negative and that in equilib-

rium �2yt
�Dt�Mt

< 0. The interior solutions can be simpli�ed to:

Dt = �Lt �Mt �
�

(1� �)

�
Et�1e

��
�Dt

Et�1 +Mt

�
Mt = (1� �)

�
At�1Et�1
(A�t � At�1)

+Dt

�
� Et�1e

��
�Dt

Et�1

From the solution equation for Dt we can see immediately that there

is a unique solution for the ex-post rational expectations requirement that

Dt = Dt when Mt is 0. When Mt is not on a corner solution, we can further

re-write the solution equations to yield
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2Dt = �Lt �
At�1Et�1
(A�t � At�1)

� Et�1e
��

�Dt
Et�1

(1� �)
which again has the property that there is a unique solution to the ex-

post rational expectations requirement that Dt = Dt since the left-hand side

rises linearly in Dt while the right-hand side rises at a decelerating rate in

Dt. This ensures a unique solution to the optimisation problem (where Dt

is bounded from above by Et�1)..

The main remaining item of interest is to �nd the border-line solution for

the level of the technological gap (A�t �At�1) at which it becomes pro�table
to have Dt > 0: This level can be found by looking at when �yt

�Dt
jDt=0 > 0:

Solving the partial derivative for Dt yields

(A�t � At�1) >
Et�1�At�1
�Lt �Mt

which is the equation presented in the text.

6.2 Data Sources

In order to apply existing models of economic growth to the economies in-

cluded in our selected case studies we are in need of an extended data set.

More speci�cally, we require data on the stock of labour and capital within

the selected economy, in addition to a proxy variable indicating the respective

shares of national income accruing to the two inputs.

6.2.1 United States

Our core source for US data is the widely-used dataset compiled by Kendrick

(1961). Kendrick actually estimates the standard models of economic growth

using this data and his estimates are still widely accepted and frequently

quoted today, for instance by Kehoe and Prescott (2007) and Maddison

(2003). We therefore rely on these estimates for our depiction of the United

States.
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Growth Accounting Data Johnston and Williamson (2003) report long-

term estimates of US economic activity and we use these, along with pop-

ulation estimates from the Maddison World Tables for the per capita GDP

calculations for �gure 1 (Maddison, 2003) to augment the GDP and do-

mestic real capital stocks calculation14 by Kendrick (1961). As a proxy for

changes in the quantity of labour in the economy we use the changes in the

population over 15 years of age from the US Census Bureau (2008) Table

US-EST90INT-04.

The labour income share in the economy is approximated by the following

standard formula:

Labour Share =
Employee Compensation

Market GDP

Note that this di¤ers from the formula for Indonesian data as we are unable

to estimate indirect taxes for the US in the 1930s. The Bureau of Economic

Analysis (2007) reports employee compensation data for the economy from

1929 onwards and we use these estimates along with the GDP �gures to

calculate the labour income share. For a detailed review of this dataset and

the changes which have occurred see the discussion by Eisner (1988).

Restructuring Index Data During the time of the Great Depression

unemployment statistics were not kept15, and therefore these need to be

estimated from other sources. We use the unemployment data published by

the US Bureau of Labor Statistics (2008).

We approximate capacity utilisation by considering the number of full-

time equivalent employees relative to a base year16. This data is sourced from

the Bureau of Economic Analysis (2007), NIPA table 6.5A, which begins in

14There is very little di¤erence if we use real national capital stocks instead.
15More speci�cally the size of the labour force was not known, only the number of people

employed was recorded. Therefore estimates of the unemployment rate need to be made;

for a discussion see Simley (1983).
16We also used the ratio of full-time equivalent employees to total persons employed as

a proxy for capacity utilisation; the regression results and corresponding graph are very

similar. We thank an annoymous referee for the idea to change the proxy.
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1929. The series for full-time equivalent employees ends in 1948, hence after

transforming the data by taking percent changes we have a sample from 1930

to 1948. These estimates are rough but are the best possible information we

could gather for the Great Depression and these sources are widely used in

the literature (see for example Kehoe and Prescott, 2007).

TFP and Residuals We ran the following Solow-type regressions on the

change in the residuals of the growth regressions, i.e. the change in TFP:

�TFPt = 0:0665 +1:0284�Capt � I�Cap<0 �1:3648�UNt � I�UN>0
(0:0124) (0:4780) (0:7490)

R2 = 0:752; N = 19

(12)

Here, Capt denotes capacity utilisation while UNt denotes the unemploy-

ment level. The reason to only count negative changes in capacity and labour

is mainly because we can interpret negative changes as destructions in links

between labour and capital, while it is much harder to interpret positive

changes. While reductions in capacity utilisation are a clear measure of cap-

ital becoming idle, increases in capacity utilisation could either mean that

capital has been sold o¤ or that idle capital has been matched. Increases

in unemployment are a quite direct measure of an increase in unmatched

labour, while decreases in unemployment could either be due to labour �nd-

ing employment or becoming discouraged into nonparticipation.This regres-

sion shows exactly the signs we were expecting, with all the coe¢ cients sig-

ni�cant at the 1% level. If capacity utilisation goes down or unemployment

goes up, the Solow residual goes down. The residual of this regression is

plotted in Figure 2.

6.2.2 Russia

Detailed national accounts are not publicly available for the Russian econ-

omy. Furthermore, for any available accounts, Russia (under the commu-
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nist rule) had unreliable estimates of national economic activity. Dolinskaya

(2002) argues that Russian output data is likely to have been over-reported

during central planning, as only state-owned, medium and large �rms were

surveyed, and furthermore that "the o¢ cial data still grossly overstate the

actual amount of capital used in production". None-the-less, to illustrate the

Russian case study, we report per capita GDP data from 1976 to 2006 sourced

from the Maddison World Tables, as these are the most historically consis-

tent statistics available (for a discussion of the methodology see Maddison,

2003). The �gures reported are actually for the USSR to ensure maximum

consistency, since former USSR republics are aggregated following the disso-

lution to allow for comparability. We cannot show Solow residuals for Russia

because dependable data on physical capital in that period does not exist.

However, we know that the population remained virtually constant and that

savings rates were also relatively high during the early years of the recession

(Gross and Steinher 1995). Therefore it is highly likely that it also had a

drop in TFP.

6.2.3 Indonesia

Much of the data for Indonesia is sourced from Van der Eng (2006a), who

takes great pains to report the best available data. While we provide some

detail about the data, the particulars are not described in full and we refer the

reader to the original paper. For unemployment rate and capacity utilisation

data, required for the restructuring index regression, we rely on the papers by

Suryadarma, Suryahadi and Sumarto (2005) and Marks (2004), respectively.

Output Data Indonesia�s national accounts keeping has undergone at least

six revisions in the last �fty years. Van der Eng (2002) uses the latest method-

ology, adopted from 2000, to estimate Indonesian output from year 2000 back

to 1983 using old input-output tables, and further extrapolates back to 1880

using broad indicators of economic activity. Note that this GDP measure is

calculated at constant prices (indexed to year 2000). We therefore use the
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estimates constructed in Van der Eng (2002), as these are also the �gures

reported in the Maddison World Tables.

Capital Stock Data In recent times, the Bank of Indonesia has been

publishing capital stock estimates based on disaggregation of growth in in-

vestment from the Input-Output tables. However, as discussed by Van der

Eng (2006a), these approximations do not consider historical information on

investment and make inadequate assumptions about the lifetime of capital

goods. Van der Eng (2007) reports new capital stock estimates (based on the

perpetual lifetime inventory method) where the �rst full estimate is for 1990.

For the use of estimating growth models, we use non-residential capital stock

as reported in Van der Eng (2006a).

Employment Data The key sources for employment data in Indonesia

are the population censuses of 1980, 1990 and 2000. However, Van der Eng

(2006b) notes that de�nitions of employment have changed substantially over

the years. The National Labour Force Survey, conducted in 1982 and 1985-

2006 was used to extrapolate the census data for the remaining years, and

we largely rely on the estimates of Van der Eng (2006a). These de�nitions

of employment also di¤ered over time17, especially from 1998 when the de-

�nition of employment excluded workers recorded in the 10-14 year-old age

group, which comprise about 3% of national employment, according to the

latest census statistics.

Educational Attainment Data In estimating the human capital level

within the Indonesian economy, we use per capita educational attainment,

as reported in Van der Eng (2006a). This is an estimate based on data of

annual enrolments in primary, secondary and tertiary education institutions.

It should be noted, however, that it is quite impossible to di¤erentiate the

17Sigit (2004) describes in some detail the di¢ culties with using Indonesian data for the

purposes of explaining economic growth.
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given data by age group. Hence, the closest estimate of the education level

(of the working population) is the educational achievements per capita.

Labour and Capital Income Share Data When estimating the respec-

tive shares of the so-called national �economic pie�accruing to labour and

capital inputs, the obvious requirement is a reliable measure of the �eco-

nomic pie�. The ideal measure we desire, in this case, is �GDP at factor

cost�.

Unfortunately, the national accounts of Indonesia merely report estimates

of gross domestic product from the expenditure side of the economy. Given

this fact, we implement augmentations to the available measure as outlined

in Van der Eng (2006a).

The data is sourced from the Input-Output tables and the Indonesian

System of Economic and Social Accounting Matrices, and is available for

years 1980, 1985, 1990, 1993, 1995, 1998 and 2000. Estimates of employee

compensation for the remaining years are an interpolation based on calcu-

lating per employed worker income and multiplying through by the number

of employed workers in those years. It should be noted that, because more

recent data is not available, the labour share of income for 2000 is used for

the remaining years in the dataset.

Total GDP at factor cost (for Indonesia) is approximated by adjust-

ing market GDP for indirect taxes (again interpolation is required for non-

benchmark years), which allows us to approximate capital incomes and cal-

culate the share of each input. The labour share is calculated using the

standard formula:

Labour Share =
Employee Compensation

Market GDP� Indirect Taxes

The average labour share of income in Indonesia is 46.3% from 1983 to

2005. The minimum is reached in 1998, the year after the currency crisis,

when labour share drops to 28.4%.
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Restructuring Index Data Our estimates for capacity utilisation are

from Ministry of Finance Model (MODFI). As Marks (2003) discusses in

MODFI capacity utilisation is calculated as a residual term - it is the ratio

of real gross domestic product to the capacity of production. For details

concerning the de�nitions see Marks (2004). Although the Central Bureau

of Statistics (Badan Pusat Statistik, BPS), World Bank and Bank Indonesia

have all made estimates of capacity utilisation by collecting data, none of

them are a long-running series and the inconsistencies between the measure-

ments are too great for extrapolation; for example in 2001 the BPS reported

a utilisation rate of 66.3%, MODFI 85.6%, Bank Indonesia 40% and World

Bank 65.3% - all of them using di¤erent methodologies. Because of the con-

sistency and the availability of the Ministry of Finance estimates, we use the

MODFI �gures reported in Marks (2004) for 1993 to 2003 for our analysis.

Given that we are interested in the change in capacity utilisation we hence

have 10 years of data in our sample.

For the unemployment rate, we follow the approach of Suryadarma, Surya-

hadi and Sumarto (2007) and use the open unemployment rate reported by

the National Labour Force survey collected by BPS. We rely on the Labour

Force survey data for every year between 1994 and 2003, except for 1995

when that survey was not conducted. At this time, instead of using the

Intercensal Population survey, which gives an unusual spike in unemploy-

ment for that year, we adopt the approach of Suryadarma, Suryahadi and

Sumarto (2005) and interpolate the Labour Force Survey data. Note that the

way unemployment is measured in Indonesia has also undergone a number of

changes, notably the survey question was changed in 1994 and the old data is

not comparable with the later publications (it indicates that unemployment

increased from 2.7% in 1993 to 4.4% in 1994). In order to still use the whole

sample of capacity utilisation data (given that it is limited), we assume that

this change in the unemployment rate was due to the change in methodol-

ogy and hence use an unchanged unemployment rate (of 4.4%) for 1993. A

smaller change occurred in 2001, when a large group of discouraged workers
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was included in the o¢ cial labour force �gures, however Suryadarma, Surya-

hadi and Sumarto (2005) report unemployment rates consistent with the old

de�nition for the period following 2001 and we therefore rely on these �gures

to maintain consistency over the sample.

TFP and Residuals Fo Indonesia we found the following results of a

regression of the Solow residual:

�TFPt = 0:0086 +0:01322�Capt � I �0:0145�UNt � I
(0:0048) (0:0010) (0:0131)

R2 = 0:973; N = 10

The main thing to note is the exceptionally highR2 of 0:973: Although the

coe¢ cient for capacity utilitisation is highly signi�cant, that of unemploy-

ment is not, but that is understandable given the low number of observations.

The residual of this regression is shown in Figure 3.
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