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ABSTRACT

A Study on the Impact of Credit Market Imperfections on Technology Diffusion

and Monetary Policy

Fabio Braggion

My thesis studies the impact of credit market imperfections on economic growth/

technology diffusion and currency crises.

In chapter one, I present how economic historians have debated whether im-

perfections in British capital markets caused a delay in adoption of the second

industrial revolution technologies in Britain after 1870. Despite numerous studies,

the literature has not found a conclusive answer.

In chapter two, using a unique data set of over 600 companies quoted on the

London stock exchange between 1895 and 1904, this first part of the thesis tests

whether firms operating with second industrial revolution technologies were more

financially constrained than other firms. Economic performances of credit market

constrained firms should heavily depend on the access to informal sources of capital,

and on tight and close relationships with the bank. Close relationships with the
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bank are proxied by geographical distance between the company and the bank.

Access to informal sources of capital is measured by the number of titled people on

the administration board of the company, and by the number of directorships held

by the directors of the companies in the sample. My findings show that economic

performances of new technologies firms were positively affected by shorter distance

to a bank, by the number of directorships, and by the number of titled directors

serving in their administration board.

Chapter three studies the importance of financial frictions in explaining the

developments of the 1997-1998 financial crises in East Asia. We develop a model

based on traded and non-traded sectors where foreign loans to local producers are

collateralized. The financial crisis is described as a sudden stop in the inflow of

financial capital: foreign investors raise their collateral requirements on domestic

producers.

Similarly to the experience of the 1997-98 crises, in the model the tightening

of the collateral constraint generates a depreciation of the nominal and the real

exchange rate, a fall in output and employment. In this environment we look for

the optimal monetary policy. We find that the optimal monetary policy consists

of increasing the interest rate immediately after the crisis and decreasing it during

the following periods.
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Introduction

The study of credit market imperfections and their macroeconomic implica-

tions has become increasingly popular among economists. Economic analyses have

studied the impact of such imperfections both on growth and technology diffusion

and the genesis and propagation of business cycles. My thesis contributes to both

streams of literature. Firstly, it studies how British capital markets promoted the

diffusion of new technologies in the late nineteenth century; secondly, it analyzes

the role of capital market imperfections in the origin and development of currency

crisis, and the way they affect monetary policies.

Credit market imperfections stem from problems of asymmetric information

and contract enforceability. With imperfect information about the quality and the

riskiness of entrepreneurial projects, adverse selection or moral hazard lead to a

gap between the cost of external finance and the cost of internally generated funds.

In presence of incentive problems and costly monitoring of managerial actions,

external suppliers of funds require a higher return in order to be compensated.

Capital markets are considered developed when external investors can more easily

gather information about the creditworthiness of borrowers and the soundness of

their projects.
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2

Economic analyses have inquired whether developed capital markets effectively

promote economic growth, and tried to disentangle the mechanisms that connect

financial development to growth. Other studies have been concerned in under-

standing what financial systems better promote economic growth. In some cases,

known as market based, financial systems are constructed on large anonymous

markets and relationships between borrower and lender are usually impersonal. In

other cases, called bank based, financial systems hinge on the role of big banks that

undertake long term financing of companies and constantly monitor the economic

soundness of projects. The role of the two systems in promoting economic growth

is still unclear and at the moment represents an important object of study ((Rajan

and Zingales, 2001) and (Beck and Levine, 2002)).

The first part of my thesis contributes to the studies of financial development

on the diffusion of new technologies and consequently economic growth. It studies

the working of a market based financial system in a particular event: a technolog-

ical revolution. After 1870 new and important technologies such as electricity, the

internal combustion engine and chemicals were discovered. This event is known as

second industrial revolution and the associated technologies played a pivotal role in

the economic development of many countries. My work analyzes whether British

capital markets promoted or not the adoption of these technologies by supplying

an adequate amount of funds to these endeavors. It does so by measuring financial

constraints on companies. If financial development is an essential ingredient for

economic growth, it is important identifying the existence and the extent of credit
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market imperfections, and recognizing the sectors that may have suffered the most

from credit market imperfections. Departing from the corporate finance tradition,

I propose a new approach based on companies’ affiliation to social networks. In a

perfect capital market affiliations to a network should not matter in determining

economic performances. But if capital markets are imperfect, affiliation to net-

works may help to alleviate asymmetric information problems allowing companies

to borrow more and invest more. I find that economic performances of companies

working with second industrial revolution technologies were more sensitive to so-

cial networks: this result indicates that these companies suffered a higher cost of

external finance when compared to other companies.

The example of the late nineteenth century Britain is important also for an

historical perspective: in Britain new technologies were adopted with delay and

some historian have claimed that capital market practices were at the origin of this

phenomenon.

Together with the studies of the impact of financial imperfections and financial

development on economic growth, also the study of the relationships between credit

market practices and business cycles has been widely discussed by economists.

Bernanke and Gertler’s ((Bernanke and Gertler, 1989)) and Kiyotaki andMoore

((Kiyotaki and Moore, 1997)) provide theoretical frameworks where credit market

imperfections are a powerful amplification mechanism of technology shocks. In

Azariadis and Smith ((Azariadis and Smith, 1998)), Matsuyama ((Matsuyama,

2004)) credit market imperfections are also source of business cycles.
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The second part of the thesis contributes to this literature showing the im-

portance of financial frictions in explaining the developments of the 1997-1998

financial crises in East Asia, and the way the same frictions affect monetary pol-

icy. We model a small open economy with traded and non-traded sectors where

the financial crisis is a shock in which collateral constraints unexpectedly become

binding and are expected to be in place permanently. In this set up we ask what

is the best monetary policy that the monetary authorities should pursue. The

existence of financial frictions (represented in our case by the binding collateral

constraints) affects the transmission mechanism of monetary policy. The surpris-

ing feature of optimal policy in our model is that the nominal interest rate rises

sharply in the period of the collateral shock. That this is optimal in consequence

of the interaction of the financial and real frictions. When the interest rate is in-

creased, this acts like a tax on employment of labor in the nontraded good sector,

and raises the marginal cost of production in that sector. Because the employ-

ment of labor by firms in the traded sector is predetermined in the period of the

shock, the interest rate rise does not increase the marginal cost of the traded goods.

With the marginal cost of non-traded goods rising relative to the marginal cost

of traded goods, the relative price of non-traded goods goes up. Other things

the same, this increases the traded-good value of the physical capital stock in the

non-traded goods sector. Because this capital is used as collateral in the import

of intermediate goods, the collateral constraint is relaxed. This permits expanding

imports of intermediate goods and the production of tradable goods. This work
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sheds light on the role of collateral in generating and amplifying shocks in a small

open economy. Moreover, it explores the role of credit market imperfections in

shaping the optimal policies that monetary authorities should adopt in order to

maximize welfare of individuals.

Various methodologies are employed in my thesis. The work on late Victorian

capital markets employs empirical methods to test the existence and the extent of

credit market constraints using unique dataset composed by more than 600 British

companies in various sectors from 1895 until 1904. On the other hand, the work on

the role of collateral constraints in the East Asian crisis employs theoretical tools

and builds a dynamic general equilibrium model of a small open economy.



CHAPTER 1

Financial Imperfections and Technology Adoptions in Late

Victorian Britain

Historians and economists have tried for many years to give an explanation

to the British relative economic decline. During the 1850s, Great Britain was the

undisputed economic and technological leader of the world. By the end of the nine-

teenth century this position was already challenged. Since the 1870s, the growth

of GDP and total factor productivity (TFP) in Britain were not as high as in the

previous thirty years. During the same period GDP and TFP growth were also

slower in Britain than in the US and Germany. The macroeconomic crisis of the

interwar years, and the subsequent relegation of Britain to the role of follower could

have their seeds in the unsatisfactory performances displayed from 1870 to 1914.

A surprising feature of that era is that Britain did not acquire many of the tech-

nologies developed during the Second Industrial Revolution. Whereas chemicals,

electrics, and steel were successfully adopted in continental Europe (especially in

Germany) and in the US, they were not fully exploited by British entrepreneurs.

Moreover, even in sectors where Britain had been leading since the First Industrial

Revolution, many innovations of the late nineteenth century were not immediately

implemented. The textile sector continued to rely on the old way of spinning and

6
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weaving and did not introduce, for instance, the new automatic looms. The iron

firms preferred to work with the traditional open-hearth furnace rather that adopt-

ing the new Bessemer process. This combination of relatively poor macroeconomic

performances and the delay in the adoption of new technologies has been defined

as the British economic decline. In the next sections I will review both the macro-

economic evidence and then discuss some cases of delay in the introduction of new

technologies. One of the elements that will emerge from the discussion is that the

evidence on late technology adoption is more convincing and clear-cut than the

macroeconomic evidence on GDP growth and productivity. The data on the latter

do not present a straightforward support on the decline and more work is needed

to precisely compute total factor productivity growth.

For this reason my work on financial imperfections and British economic decline

will be more concerned on explaining the delay in the adoption of specific new

technologies, rather than explaining a decline in output and productivity.

1.0.1. Macroeconomic Evidence

There has been a tremendous debate about the existence, the timing and the extent

of the decline as shown by the macroeconomic data.

Economists and economic historians for long time have discussed British macro-

economic figures attempting to understand if Britain really experienced a decline

in output and productivity growth. Although all the available evidence indicates

a slow down in the growth rate of output and productivity after 1873 the debate
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remains open. The discussion is about exact period of the decline, and different

views depends on the evidence provided by different GDP series available.

Three GDP series have used and debated: income series, expenditure series or

output series.Table 1.1 presents the three series.

Similarly to Feinstein, Matthews and Odling-Smee ((Matthews, Feinstein, and

C., 1982)) and Feinstein ((Feinstein, 1990)) the time period is divided both in two

subperiods (1856-1873 and 1873-1913) and three subperiods (1856-1873, 1873-1899

and 1899-1913). In all the three series the rate of growth of GDP is lower in 1873-

1913 than in 1856-1873. While looking at the further division between 1873-1899

and 1899-1913, differences among the three series arise. In particular, in the income

and expenditure series the falling off after 1899 is quite important and appears as

a downward break in trend. On the other hand, while looking at the output

series, the slowdown is a steady process starting in the 1870s, associated perhaps,

with the beginning of the continuous decline in Britain’s relative standing among

industrial economies. This evidence suggests two very different interpretations of

the slowdown. According to one perspective, something special and unparalleled

took place in the decade and a half before WW1. The other perspective maintains

that the falling off was small and fairly steady and the period after 1899 was not

significantly out of trend. Compromise estimates between the three series are also

presented indicating a more important fall of GDP growth after 1899.

Labor productivity growth measure and total factor productivity growth (Table

1.2) agree in their most important finding, that the deterioration before 1899 was



9

small and that the main part of the falling off in productivity growth came after

that date.

Further insights can be gained by consideration of the trends in productivity

in the constituent sectors (Figure). Agriculture made a major contribution to

movements in GDP growth. It was the largest source of decline between 1856-73

and 1873-1913. Most of the decline in output growth is concentrated in the 1873-

1899 period, on the other hand the largest fall off in productivity is recorded after

1899. Part of the trend is attributable to the decline in agriculture’s share in the

economy, and part in the decline of TFP growth within agriculture ((Matthews,

Feinstein, and C., 1982)). Mining was the second largest source of decline. Output

growth decline of 1% after 1873 and displays negative productivity growth both in

1873-1899 and in the 1899-1913 sub-periods.

Manufacturing was no more than a minor source of the overall decline between

1856-73 and 1873-1913. The rate of growth of TFP in manufacturing between

1873 and 1899 was on average no lower than it had been between 1856 and 1873.

However, manufacturing was the largest identified source of the deterioration in

1899-1913 compared with earlier periods. Also construction made a significant

contribution to the deterioration after 1899. Utilities and transports did not share

the general tendency to declining rate of growth of TFP. These findings appear

interesting: according to the figures new sectors in the economy maintain a quite

high level of productivity growth, and the decline was mainly concentrated in

the traditional sectors. However, these results need to be taken cautiously. The
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estimation of total factor productivity growth does not take into account embodied

technological change, in other words improvements in quality of capital stock. The

estimation of what is called total factor productivity growth can be heavily biased

because improvements in the quality of the capital stock are not properly taken

into consideration in the growth accounting exercise. This problem can be more

severe in the new sectors, that are among the major objects in the studies of

British decline, where most of the technological breakthroughs was embodied in

the capital invested.

1.0.2. Technology Adoption

The years 1870-1913 were the years of the second industrial revolution. New tech-

nologies were discovered. In some cases, the breakthroughs were new equipments or

new production methods. This was especially true for cotton textile, iron and steel,

and chemicals that made more efficient the production of goods already know. In

other cases, such as electricity, bicycles, dyes and the internal combustion engine

complete new products were introduced.

These new endeavors spread slowly in Britain when compared to other countries

like the US and Germany.

In the cotton textile industry the major breakthroughs were the ring spindle

and the automatic loom. The ring spindle was invented in 1828 and made faster

and more efficient the spinning of cotton. The automatic loom, invented in 1894,

could raise the speed of weaving. These two pieces of equipments were largely
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used in the United States and especially in the textile districts of New England

after the 1860s. On the other hand, the British cotton industry managed this early

twentieth-century expansion on the basis of machines — the spinning mule and the

Lancashire loom — that were rapidly becoming antiquated in most other countries.

The mule had been the dominant technology in the British spinning industry from

the late eighteenth century, and in the last third of the nineteenth century had been

widely introduced in cotton industries throughout the world. But 1870s and 1880s,

the ring spindle was greatly improved, and it began to replace the mule. In the

United States the diffusion of ring spindles was rapid. . . ring spindles comprised

62% of all spindles by 1890 and 87% by 1913 ((Elbaum and Lazonick, 1990) p. 23).

On the other hand, in Britain only 19% of all spindles were ring spindles in 1913,

despite the fact that British textile machinery firms were manufacturing the ring-

frame on a large scale for shipment to producers around the world. The British

cotton industry was also slow to adopt weaving technology. In 1894, the automatic

loom was invented in the US, where it immediately began to be introduced. The

first automatic looms were installed in Britain in 1903, but automatic looms made

up only 1-2% of all cotton looms in Britain in 1914 ((Elbaum and Lazonick, 1990),

p.19).

Similarly a new important technological development improved production

methods in the steel industry. The basic process removed embritting phospho-

rus from pig iron and permitted the deposits of phosphoric ores, neglected in the

previous production methods, to be used in making pig iron for steel. Invented in



12

Britain in the 1870s, the process dominated continental steelmaking by the end of

the 1880s, but similarly to what happen in the textile industry it took about fifty

years before it was adopted on a comparable scale in Britain ((McCloskey, 1973)

p. 57-58, (Elbaum and Lazonick, 1990), p. 52-53).

The chemical industry was composed by many sub sectors, and important

technological breakthroughs were achieved in the production of bleaching powder,

fertilizers, explosives and dyes. It constituted an important part of British manu-

facturing. Britain was the leader in chemical production up to the third quarter

of the nineteenth century, but by the beginning of the twentieth century it gave

up its predominant position to Germany.

In the alkali sector, a new production method, the ammonia soda or Solvay

process, was finally perfected by Ernst Solvay in the early 1860s. This new process

was destined to replace the previous Le Blanc process, since it made a more efficient

employment of energy and raw materials. In Britain, John Brunner and Ludwig

Mond took up the license in Britain in 1872, forming Brunner, Mond & Co.,

and after several years of difficulties managed to get production going. By the

1890s, Brunner, Mond became a leading producer in the alkali industry. A notable

feature is that Brunner, Mond did not have serious competition from domestic

companies. Most of the other alkali producers companies employing the Le Blanc

process merged into the United Alkali, but they never posed a serious threat to

Brunner, Mond. No other British company employed the ammonia process, even

after the paten expired in 1886. On the other hand, in Germany, competitors to the
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Solvay franchise Deutsche Solvay Werke flourished and provided stiff competition.

By 1887 the proportion of alkalis produced using the ammonia soda process in

continental Europe was 75%, while in Britain 22%.

Similarly, in the explosive industry, British firms retained labor intensive meth-

ods of production and were slow to mechanize. (Haber 1971, 100-101). In

the period up to 1900 the fertilizers industry was characterized by slow techno-

logical development, and research could be undertaken by individual innovators

who did not require much in the way of facilities or support. The most important

British company in the sector was the Nobel Explosive Trust founded in 1873 by

Alfred Nobel and Charles Tennant. Nobel made the most important discoveries

of new explosives in the second half of the nineteenth century. There were two

important problems to be solved to create a good high explosive, that of being

able to carry and use it safely, and finding a method of detonating it when needed.

Nobel invented the mercury fulminating detonator in 1864. In 1866 he discovered

how to put nitroglycerine in porous clay such that it could be transported safely

and placed without difficulty, unlike nitroglycerine in pure state, which was un-

stable and liquid. Like for the Alkalis, the big bulk of production of explosives in

Britain was run by Nobel Dynamite Trust. On the other hand, only few domestic

companies engaged in the production of explosives, and most of the competitors

came again from Germany.

The dye industry turned out not to be as innovative as the German one. The

discovery of the new synthetic dyes required the abandonment of traditional “trial
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and error” methods of research for a growing effort in systematic researches planned

on scientific principles. This involved the employment trained chemists, knowl-

edgeable about the theory of organic dyes, and able to direct a team of researches.

British dyes companies were reluctant in abandoning the previous methods, and

the industry started to lose shares on the world market after 1873.

Same problems of retardation affected the diffusion of electricity. The causes

of the long-term lag in British electricity supply development have been usually

traced to the beginning of the industry, in the 1880s, when electric lighting started

be utilized and the dynamo invented. Electricity supply did not develop much until

the late 1880s and early 1890s. The earliest stations were set up in London and

used high speed marine engines. After 1895 the number of undertakings increased

dramatically. Yet the supply of electricity in Britain lagged behind that of its

foreign competitors, despite early entrepreneurial activity. It was obvious by 1914

electricity supply lagged in Britain as compared to the US. The most serious area

of backwardness in the electricity industry was in the manufacturing sector. Here

by 1900 the industry was dominated by foreign concerns, with 59% of sales in

1907-08 of electrical machinery being produced by foreign subsidiaries of foreign

firms ((Byatt, 1979) p. 123). In many areas British industry failed to contribute to

technical progress, including the development of lamps and polyphase alternating

currency system. The British also lagged in turbine development and the use of

alternating current. By the 1900 the British industry had fallen behind its US

and German competition technically, especially in the development of polyphase
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alternating current. So far the industry had survived on gradually improving

the equipment of smaller undertakings, increasing the reliability of supply and

lowering the costs to make it more competitive with gas lighting and horse-drawn

trams ((Byatt, 1979) p. 88, (Hannah, 1979) p. 275) . But the Americans and

the Germans had invested heavily in research, and were producing large reliable

systems, organizing electric tramways for cities.

1.0.3. Perspectives on the Decline

This section reviews the main explanations that economists and economic histo-

rians provided for the decline. The last explanation reviewed is the one based on

capital markets that will be the main object of my study.

1.0.3.1. Entrepreneurial Failure. The entrepreneurial failure explanation em-

phasizes the incapability of British entrepreneurs to confront the challenges im-

posed by the late nineteenth century novel economic conditions. The new tech-

nological revolution should have induced entrepreneurs to promptly switch to new

methods of production, to better appreciate science and formal education, and

to adopt new managerial forms for their companies. In Britain all this was not

done, and the failure to adapt and switch to the new techniques at the heart of

the economic decline.

The advocates of the entrepreneurial failure hypothesis stress human factors

rather than economic motives to justify entrepreneurs’ incapability to change meth-

ods of production. Too attached to previous production and distribution routines,
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too proud of their past success, they forgone profitable opportunities, and lost their

leading position in favor of their American and German colleagues.

Aldcroft (Aldcroft, 1964) describes how British industrialists did not realize

the importance of science and technology for entrepreneurial activities. This was a

general tendency and was particularly problematic in science-based industries such

as chemicals, electrical engineering, and iron and steel. It should have been clear

by looking at the US and German experience that the rate of growth of these sec-

tors was closely related to the amount of technical and scientific expertise. British

economic supremacy during the first industrial revolution was built up by a na-

tion of “practical thinkers” ((Aldcroft, 1964) p. 118). British industrialists were

attached to traditions and reluctant to depart from “Rules of Thumb” methods.

They seemed even proud of the fact that they carried out little original research or

employed few technicians. Britain had little to compare with the scale and provi-

sion of university and technical education in Germany which ultimately provided a

large number of technicians and scientists for the new science-intensive industries.

This was evident when looking at the educational system. British entrepreneurs

did not require skilled engineers or chemists, and at the same time the British

educational system was largely biased toward the humanities rather than technical

disciplines.

Another problem was the way production was organized. British entrepre-

neurs were incapable to organize production in the most possible economical way.

In the US, and partially Germany, large scale mass production of standardized
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goods secured the largest amount of output at the lowest possible cost. Failure to

emulate such methods where possible meant that in some industries British costs

were unnecessarily high. Britain had a very large number of relatively small and

inefficient firms producing a multiplicity of articles. Most of the British compa-

nies were family owned. Expanding the size of the company would have required

looking for external investor, leading the family to lose the predominant position

in the company.

Marketing policies were another important issue, especially in foreign markets.

In some way the loss of market shares in a various range of products in continental

Europe was somewhat unavoidable, given high tariffs imposed on British product,

and the growth of new industrial powers. On the other hand, Aldcroft maintains

that British entrepreneurs were bad salesmen, and this is an important fact in

explaining Britain’s poor performances in foreign markets. British traders were not

inclined to supply cheaper goods, to study customers’ tastes and wishes. Moreover,

Britain did not send a large number of sales representatives abroad, making more

difficult the penetration of new markets. On the other hand much of the success of

Germany and America in the export field was based on their efficient sales policies.

They paid as much attention to sales and distribution as they did to production.

They were attentive to the needs of potential customers and establish agencies

abroad responsible of promoting their products in foreign markets.
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The entrepreneurial failure argument was furthermore reinforced by David Lan-

des ((Landes, 1969)). Landes reiterate the case of the underestimation of the im-

portance of science and he confirmed the idea of poor marketing policies. Moreover,

he describes quite in detail how entrepreneurs failed to adopt the best available

techniques of production in many industries, ranging from ring-spinning and auto-

matic weaving in cotton and mechanical cutter and electrification of mines in coal;

they overinvested in the old staple export industries such as cotton and iron, and

were slow to move to the industries of the future such as chemicals, automobiles

and electrical engineering; they were insufficiently aggressive in organizing cartels

to extract monopoly profits from the world at large.

1.0.3.2. The Neoclassical View. The hypothesis of entrepreneurial failure was

based on a sociological and psychological factors: entrepreneurs could not foresee

profitable economic opportunities, and did not operate at their best. Most of the

work was based on providing anecdotal evidence of poor entrepreneurial skills. The

hypothesis was never formally tested.

The neoclassical view of the decline tests the possibility of entrepreneurial fail-

ure on the base of the available economic evidence. The analysis suggests that

British entrepreneurs were economically rational and operated at their best. On

the basis of this evidence, the neoclassical view concludes that what is known as

British decline was the result of the unavoidable growth of other economic powers

like Germany and the US. It is therefore inappropriate to talk about decline or



19

entrepreneurial failure since no large scale inefficiency could have been detected in

the British economy.

The major studies made were on the iron and steel industry ((McCloskey,

1973)) and on the cotton textile industry ((Sandberg, 1969)(Sandberg, 1974)).

Iron and steel constituted an important part of the British economy, a fair

amount of information is available and issues of technological adoption in this

sector animated the academic debate among economic historians. The analysis of

McCloskey is aimed to understand whether entrepreneurs in iron and steel industry

operated inefficiently. First of all she notices that the fair amount of competition

characterizing the industry prevented entrepreneurs from behaving irrationally.

Any sort of large scale incompetence would have driven inefficient companies out

of the market.

Second, she discusses the determinants of the slow pace of growth of iron and

steel after 1870. If the entrepreneurial failure hypothesis is correct, the slow growth

of the industry would be mainly driven by supply factors. Facing a large demand

of iron and steel products, entrepreneurs were not willing or capable to supply the

amounts needed. By looking at data of iron and steel consumption McCloskey

notices that industry’s growth was constrained by the demand and not supply.

Consumption of iron grew only 1.4% per year in Britain after the 1870s boom, while

growing three or four time faster in Germany and the US. Tariffs imposed by foreign

countries limited the possibility to export iron and steel product abroad. Moreover,

when compared to other countries, Britain had already made important steps
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towards industrialization; consequently the need of iron and steel was reduced.

McCloskey finds the figure on domestic investment quite enlightening. In face of

an investment growth rate of 1.4 % per year, as opposed to the 4% per year of

Germany and the US, there was not too much room for additional sales of iron

and steel products. McCloskey concludes that if factories, houses and railways are

not being built, iron is not demanded.

Third she studies the issue was of the delay in the adoption of the basic process

for steel. Her analysis concludes that the slow adoption of technological improve-

ments was based on economic factors and not on incompetence. While maximizing

their profits, entrepreneurs in iron and steel correctly decided to delay the adoption

of the basic process.

Lars Sandberg ((Sandberg, 1969)(Sandberg, 1974)) made a similar analysis of

the cotton textile industry. Sandberg argued that the industry was making a

smooth transition towards ring spindles for all counts up to around 40 but that

mules continued to be preferred for finer counts. In this story the continuation of

large mule subsector had two causes, demand patterns and factor costs. Similarly

to McCloskey’s argument, the demand of cotton yarns was one of the most im-

portant factors in explaining developments in the industry. British cotton textile

firms faced demand for counts above 40 that was high by international standards,

and British costs were such that mules remained advantageous for those counts. In

particular the relative cost of (skilled) mule labor to that of (unskilled) ring labor

was low in Britain, so Lancashire employed mules for counts spun on rings in New
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England. Sandberg also note a further potential cost of adopting rings: a ring

spinner may have faced higher transport costs. As mentioned, a mule produced

packages consisting entirely of yarn, whereas a ring spun its yarn onto a heavy

wooden bobbin from which it could not be removed safely. Again the decision to

maintain a large scale use of the mule was rational on the entrepreneurs’ side.

1.0.3.3. Switching Costs. A glorious past can be a burden. Everything else

equal, new technologies are more productive than old technologies. But usually

technologies require specific skills and need to be collocated into a network sys-

tem in order to be proficiently employed. In other words, the marginal product of

investment in a specific technology positively depends on the amount of existing

physical and human capital complementary and specific to that technology. Com-

plementary equipments and skills are not always transferable from the old to the

new technology: new technologies need to be learnt; new brands of physical capital

have to be invested. Chari and Hopenhayn ((Chari and Hopenhayn, 1991)) show

that these factors lead to investment in old technologies even when new and supe-

rior technologies are available. The bulk in the investment in the new technology

occurs when there is enough expertise and enough specific capital invested into it.

Mature economies with an already well developed agricultural and industrial

sector may therefore face a trade off: on one hand, they could immediately adopt

the new technologies and renounce to all or good part of the specific skills accu-

mulated in the past; on the other hand, they could keep on working with the old

technologies and exploiting the specific expertise accumulated.
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For the case of Victorian Britain this possibility was first examined by Thorstein

Veblen ((Veblen, 1915)), who applied it to the case of the slow adoption of large

coal cars on British railways.

Large coal wagons were considered a superior technology: it would have allowed

better exploitation of economies of scale in transportation, making the transporta-

tion of coal more efficient.

The obstacle to moving to larger coal cars was the interrelatedness of the cars

with the railway equipment already in place. Loading equipment, sidings, and the

curvature of tracks were all designed for small cars. The introduction of larger wag-

ons would have therefore required massive investment in these pieces of equipment

as well, making the overall investment in large wagons unattractive.

Similarly, by analyzing the productivity of cotton spinners in Lancashire and in

the US- New England, Leunig ((Leunig, 2003)) finds that Lancashire mule spinners

had consistently higher productivity than Lancashire ring spinners, whereas in

New England the reverse was true for all counts up to 60. It is worth noting

that British mule spinners were operated by highly skilled workers with important

specific expertise in the use of the machine. Leunig concludes that in Lancashire

investment in mule spinning continued to be profitable in pre-war period, and had

Britain’s transition to ring spinning been faster, aggregate productivity would have

fallen.
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1.0.3.4. Institutional View. The institutional view attributes the decline of the

British Economy to rigidities in the economic and social institutions that devel-

oped during the eighteenth and nineteenth century. Advocates of the institutional

view accept the perspective that British businessmen may have performed well

when maximizing profits subject to prevailing constraints. What they emphasize

is that the constraints were mainly given by the institutional setting, and British

entrepreneurs did not have the abilities and the strength to alter the constraints,

and took them as given.

The institutional features at the origin of the decline were all connected to the

nature of British capitalism at the end of the nineteenth century.

In particular, Britain’s major nineteenth century staple industries — textile,

iron and steel, coal mining, shipbuilding and engineering, were all composed by

numerous small or medium size firms with small market shares. Their industrial

structures were also characterized by a high degree of vertical specialization. Rely-

ing upon market mechanisms to coordinate economic activity, nineteenth century

British firms were comparatively simple in their internal organization. Characteris-

tically, the greatest majority of firms were family owned and managerial staffs were

small. In the same spirit, methods of cost accounting and production control were

crude or non-existent. The development of industrial techniques typically relied

upon trial and error rather than systematic research. These institutional charac-

teristics were in sharp contrast to those displayed by the two emerging powers of

the time: the US and Germany. There successful economic development in the
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20th century has been based on mass production methods and corporate form of

managerial coordination. In general markets were not as highly competitive as in

Britain. By helping stabilizing prices and market shares, oligopolies in the US and

Germany facilitated long run planning, particularly where large-scale capital in-

vestments were involved. Companies had bigger size and were vertically integrated,

therefore better exploiting economies of scale and thus significantly reducing aver-

age costs. Managerial control over job content and production standards in turn

facilitated the introduction of new technologies.

Britain was constrained from adopting these modern technological and orga-

nizational innovations by the institutional legacy associated with atomistic, nine-

teenth century economic organization. These institutional structures were well

established and constrained the transformation of the British economy.

Notable examples and reports were again the cotton textile and the iron and

steel industry. Lazonick argues that the delay in the adoption of the ring spindle

in Lancashire was the result of lack of vertical integration ((Chari and Hopen-

hayn, 1991)). Mule produced packages consisting entirely of yarn, whereas a ring

spun yarn into heavy wooden bobbin from which it could not be removed easily.

The ring spinner thus had two options when transporting the yarn. The first was

to transport the yarn and arrange it for its later return. As the bobbin weighted

twice the yarn spun into it, this would imply a five-fold increase in transportation

costs. The alternative was to rewind the yarn into packages made up entirely of

yarn, prior to shipping, but the cost of doing so was as high as the additional
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transportation cost. In the United States, where spinning and weaving were car-

ried out by single firms, this issues did not matter. But where different firms spun

and weaved, transportation costs were a big deal. The lack of vertical integration

kept the mule more profitable than the ring spindle, and delayed the adoption of

the latter. As support of his argument, Lazonick shows that ring spindles were

particularly used in few vertically integrated establishments existing in Lancashire.

Elbaum ((Elbaum and Lazonick, 1990)) argues that British iron and steel firms

were more constrained than their foreign rivals frommaking large-scale investments

in new technologies by virtue of Britain’s fragmented and rigid industrial structure.

In particular the small size of the companies and the family owned structures

prevented Britsh companies from undertaking innovative investments in the new

technologies.

1.0.4. Capital Markets Explanation

Since the beginning of the twentieth century, some scholars have imputed the

somewhat poor performances of late Victorian and Edwardian Britain to capital

markets imperfections.

William Kennedy ((Kennedy, 1987)) argues that the favoring of old staples

arose from a series of banking crises in the mid-Victorian period. He describes

how, in the first half of the nineteenth century, the British credit system was based

on small local banks providing long-term loans and advising firms. He argues that,

as firms gradually grew in size, the banks became more and more inadequately
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equipped to respond to the increase in demand for funds. In particular, Kennedy

argues, that banks were overlending to expanding firms without being able to

monitor the quality of the new projects financed. This led to a wave of banking

crises, culminating in the collapse of the Bank of Glasgow in 1878.

The credit system responded to the crises by avoiding long-term credit activ-

ities. As a result, banks became more risk averse and the economy suffered a

progressive credit crunch: small local banks withdrew from long term financing,

and soundly-managed Victorian banks lent money only to firms capable of provid-

ing adequate collateral. In other words, higher risk of default was associated with

younger firms, and problems of asymmetric information led banks to be more and

more reluctant to lend money to these units.

The asymmetric information problems were, in some ways, justified. The bal-

ance sheets and the financial accounts prepared by firms were far from being trans-

parent. Oddly, it seems that after the crisis the British system was unable to build

institutions that could simultaneously solve the information problems and award

firms with good projects. By contrast, it is interesting to note that in other coun-

tries, in particular in Germany, a different system of long term lending developed.

In Germany, banks were capable of evaluating managerial performance and re-

warding good results. The German universal banking system worked by placing

a bank representative on the board of the firm, which allowed him to follow the

entrepreneurial projects very closely.
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Kennedy describes the reluctance of British banks to lend to new-coming firms.

He argues that most industrial capital formation in Britain (probably between 60

percent and 70 percent in a typical year of the last quarter of 1800) was carried out

by small, segmented groups of people who were well acquainted with each other

through personal or business contacts. In addition, only known securities could

raise capital. Most notably, the oldest securities traded on the exchange: gov-

ernment stocks. Other old-style securities that were able to raise capital included

home and foreign railroad issues, which during the 1880s became fully respectable

after a long period of high dividends paid to shareholders. In addition, domestic

non-rail companies started to appear on the stock exchanges in the 1860s. Most of

these issues represented established coal, steel, iron and heavy engineering firms.

By contrast, firms belonging to electrical engineering, automobiles and chemicals

suffered high credit constraints, and they were limited in their possibility to ex-

pand.

The analysis takes also in consideration British investment abroad. It was

noted that since 1870 Britain investment abroad was massive. Investment abroad

can be considered as risky as investment in new domestic sectors, above all when

developing economies are involved. If British investors were so much risk averse,

why did they choose to finance so many endeavors abroad?

Kennedy replies to this critique saying that domestic and foreign investment

were not perfect substitute. British investors maintained their prudence also over-

seas, and they were capable to find the safest investment opportunity also abroad.
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British investors displayed a very low degree of default on their foreign assets,

above all when compared to their French colleagues. They preferred fixed-interest

securities, and investment in friendly countries such the US. Civil servants in the

colonial administration could easily indicate which sectors or areas were had the

highest risk of default.

Kennedy portrays the British situation, but does not give any insight regarding

the reasons why Britain did not develop a universal banking system. According to

his explanation banks just became more risk averse after the mid-Victorian crisis.

Mae Baker andMichael Collins ((Chari andHopenhayn, 1991))
partially confirm Kennedy’s hypothesis. They collected data on liquidity and in-

vestments in a sample of 155 Banks in England and Wales from 1860 to 1920.

They remark how these banks steadily increased their amount of liquidity along

the period and they reduced their intervention in the private sector. Their time

series analysis shows how this tendency was reinforced by the aforementioned City

Bank of Glasgow’s crisis in 1878 and the Baring crisis in 1890. Another possible

explanation relies on the role of the Bank of England. The central bank was in fact

reluctant to act as lender of the last resort when the bank in trouble was particular

illiquid. This threat forced British credit institutions to stay liquid and to avoid

risky investments.

Other studies on the matter have considered specific case studies in the bicycle

industry ((Harrison, 1982)), in the brewing industry ((Watson, 1996)) and in the

cotton and iron industries ((Cottrell, 1979)), presenting arguments in favor or
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against the successful functioning of British capital markets. But no work has

undertaken a formal and comprehensive analysis studying a wide variety of firms

and industries.

Together with providing an alternative approach to the measurement of credit

market constraints, my thesis takes a step forward in understanding how late

Victorian capital markets worked, and how effective they were in supporting en-

trepreneurial endeavors.

Using a data set of over 600 companies quoted on the London Stock Exchange,

this study tests the existence and the extent of credit market constraints on British

firms for the period 1895-1904. In particular, it asks whether firms, operating

mainly with the new technologies of the second industrial revolution, were more

credit market constrained than firms operating in long-established sectors. By

doing so, it evaluates the empirical foundations of the credit market hypothesis: if

credit markets were responsible for the delay in the adoption of new technologies,

some firms in key industries must have been financially constrained.
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Table 1.1. Growth of GDP, alternative estimates and alternative
sub-periods

(Source, Feinstein, Matthews and Oddling-Smee, 1982)
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Table 1.2. Growth of Output, Labor Productivity and Total Factor
Productivity, compromise estimates

(Source, Feinstein, Matthews and Oddling-Smee, 1982)
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AGRICULTURE, AND FISHING
Output Labor Productivity TFP

1856-1873 0.16 1.20 0.89
1899-1913 -0.03 0.59 0.44

1856-1873 0.16 1.20 0.89
1873-1899 -0.13 0.70 0.48
1899-1913 0.17 0.37 0.36

MINING AND QUARRYING
Output Labor Productivity TFP

1856-1873 3.79 2.07 1.50
1899-1913 1.96 -0.14 -0.12

1856-1873 3.79 2.07 1.50
1873-1899 1.96 0.01 -0.01
1899-1913 1.94 -0.41 -0.31

MANUFACTURING
Output Labor Productivity TFP

1856-1873 2.59 1.55 0.86
1899-1913 2.05 1.22 0.66

1856-1873 2.59 1.55 0.86
1873-1899 2.19 1.42 0.91
1899-1913 1.77 0.86 0.19

Table 1.3. Growth of Output, Labor Productivity and Total Factor
Productivity, compromise estimates

(Source, Feinstein, Matthews and Oddling-Smee, 1982)
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CONSTRUCTION
Output Labor Productivity TFP

1856-1873 3.19 1.20 0.94
1899-1913 1.13 0.16 0.12

1856-1873 3.19 1.20 0.94
1873-1899 2.64 1.07 0.80
1899-1913 -1.69 -1.54 -1.14

GAS, ELECTRICITY, WATER
Output Labor Productivity TFP

1856-1873 5.47 0.66 0.62
1899-1913 5.11 1.80 1.60

1856-1873 5.47 0.66 0.62
1873-1899 4.82 0.87 1.08
1899-1913 5.64 3.53 2.54

TRANSPORT AND COMMUNICATION
Output Labor Productivity TFP

1856-1873 5.47 0.66 0.62
1899-1913 2.66 0.58 0.64

1856-1873 2.92 0.97 0.45
1873-1899 2.72 0.12 0.35
1899-1913 2.54 1.44 1.16

Table 1.4. Growth of Output, Labor Productivity and Total Factor
Productivity, compromise estimates

(Source, Feinstein, Matthews and Oddling-Smee, 1982)
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COMMERCE
Output Labor Productivity TFP

1856-1873 5.47 0.66 0.62
1899-1913 1.95 0.73 0.36

1856-1873 2.39 0.34 0.56
1873-1899 1.98 0.84 0.40
1899-1913 1.87 0.51 0.27

PUBLIC AND PROFESSION SERVICES
Output Labor Productivity TFP

1856-1873 5.47 0.66 0.62
1899-1913 2.53 0.72 0.25

1856-1873 1.44 0.14 -0.12
1873-1899 2.55 0.23 -0.19
1899-1913 2.50 1.63 1.06

Table 1.5. Growth of Output, Labor Productivity and Total Factor
Productivity, compromise estimates

(Source, Feinstein, Matthews and Oddling-Smee, 1982)



CHAPTER 2

Credit Market Constraints and Financial Networks in Late

Victorian Britain

2.1. lntroduction

“Did late Victorian capital markets support investments in new technologies?”

This question was already aksed in 1931 by JohnMaynard Keynes in the Macmillan

report, and since then the debate has been inflamed by accusers of the British

credit market and by tireless defenders. In particular, it was claimed that banks

and investors failed to provide long term loans to industrial firms and to establish

close, supportive relations with their industrial clients (Kennedy, 1987).1 As a

result, the argument goes, entrepreneurial endeavors in new technologies, such

as electricity, chemicals and engineering were discouraged. On the other hand,

McCloskey (1970); ? took a neoclassical perspective and argued that indeed Britain

did not fail. The open, competitive nature of Britain’s markets of the period could

hardly sustain incompetence on any significant scale.

This debate was particularly important because it was closely related to the

issue of British relative decline in the late nineteenth and early twentieth centuries,

1Committee on Finance and Industry, Report (London: H.M.S.O.), p. 171.

35
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characterized by a decline in the productivity growth of the country and a slow

pace in the adoption of new technologies.2

Economic historians have hitherto considered case studies in the bicycle indus-

try (Harrison, 1982), in the electrical industry (Kennedy, 1987), in the brewing

industry (Watson, 1996), and in the cotton and iron industries (Cottrell, 1979),

presenting arguments in favor or against the successful functioning of British cap-

ital markets. But no work has undertaken a formal and comprehensive analysis

studying a wide variety of firms and industries.

This paper takes a step forward in understanding how late Victorian capital

markets worked, and how effective they were in supporting entrepreneurial endeav-

ors.

Using a unique data set of over 600 companies quoted on the London Stock

Exchange, this study measures credit market constraints on British firms for the

period 1895-1904. In particular, it asks whether firms, operating mainly with the

new technologies of the second industrial revolution, were more credit market con-

strained than firms operating in long-established sectors. By doing so, it evaluates

the empirical foundations of the credit market hypothesis: if credit markets were

responsible for the decline of productivity growth, some firms in key industries

must have been financially constrained.

Corporate finance analysis has traditionally measured credit market constraints

by analyzing investment sensitivity to cash flow (Fazzari, Hubbard, and Petersen,

2Landes (1969), Mokyr (1990)
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1988), but recently this methodology has been criticized (Kaplan and Zingales,

1997) on the basis of weak theoretical underpinnings and misleading empirical

results. The special conditions of the credit system in Victorian Britain offer a case

study to provide an alternative approach to the investment cash flow sensitivity

analysis while studying a specific historical context.

If the formal capital market is unable to provide adequate funds to some firms,

informal capital sources such as peers, friends and family may become relevant. It

follows that a credit market constrained firm should benefit more than an uncon-

strained firm by having access to informal sources. An entrepreneur or a director

able to obtain funds through informal channels should help a credit market con-

strained firm more than a financially unconstrained firm. For a firm that can

obtain capital through formal channels, the financial connections of its directors

should matter less: the firm can always approach a bank or go to the stock ex-

change to obtain the funds it needs.3 More specifically, access to informal sources

should help a chemical or an electrical firm more than a textile firm.

In the same spirit, the amount granted and the terms applied to a loan de-

pend on the financial position, credit history of the borrower and the soundness of

the entrepreneurial projects. All this information is an important determinant of a

lending decision. Relationships between borrowers and lenders may be conditioned

by the way financial markets collect, process and transmit these information. The

3The firm can always resort to the banks or to the stock exchange to obtain the funds needed.
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empirical study by Petersen and Rajan (2002) shows that, if most of the informa-

tion flowing from the borrower to the lender is “soft”, i.e. not easily codable and

not transmittable in a formal way, physical distance between the borrower and

the lender affects lending relationships. Firms that are credit constrained in the

formal market may benefit more by being located closer to the bank.

The degree of networking displayed by a certain company is proxied in the

paper with the number of Peers and titled people in the companies’ boards.

As a measure of proximity to the bank I use number of branches of the bank

trading with a particular firm over number of people living in the county where

the firm is located.

The findings in this paper suggest that firms operating with second industrial

revolution technologies and with an additional titled director added up an extra 1%

to their growth rate. In average second industrial revolution firms increased their

growth rate by an extra 2% by being closer to a bank, whereas an extra directorship

gave an additional 0.42% of growth. The analysis undertakes a further step and

tries to understand what features of the second revolution technologies may have

conditioned their performances on the capital markets. The second industrial

revolution technologies were new and capital intensive. Bank proximity was an

important and positive determinant of growth both for new technologies firms and

for capital intensive firms. Titled directors helped particularly new technology

firms, whereas numbers of directorships played a positive role for capital intensive

firms.
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2.2. Banks and Capital Markets

Two particular features have often been claimed to be the source of their in-

adequacy: their reluctance to finance fixed capital for a long period of time, and

their unwillingness to set up a formal monitoring technology to gather information

about the borrower (Kennedy, 1987). The accusations were launched both against

banks and against investors operating at the stock exchanges.

Banks did not like to get involved in firms’ finances. A central principle that

was re-stated many times —between head offices and branches, and between man-

agers and clients- was that commercial banks did not see their function as that

of providing fixed capital (Capie and Collins, 1999). Unlike their German coun-

terparts, British banks did not purchase equity in industrial concerns, nor would

they lend formally for long periods for the acquisition of fixed capital (Reisser,

1911). To the degree that English industrial firms had business relationships with

banks, they were often in the form of tradable bills of exchange or promissory notes

(Collins, 1988).

J. W. Gilbart, former director of the London andWestminster Bank, in a treaty

regarding joint stock banking practices, maintained that

It is contrary to all the sounds principles of banking for a banker

to advance money in the form of permanent loans, or as they are

called, “dead loans.4

4Gilbart (1873) p. 132



40

Commercial banks saw themselves as credit banks, helping industrial clients

finance current business activities, but not sustaining long-term entrepreneurial

projects (Capie and Collins, 1999). Loans granted for fixed capital expenditures or

to ameliorate plants and premises were for fairly short periods, until the client was

in receipt of funds from other sources (Capie and Collins, 1999). Banks wanted to

keep a liquid portfolio to address promptly the depositors’ need for liquidity and

long term entrepreneurial projects were seen as risky and uncertain investments.

Though loans were often renewed, renewal was at the discretion of the bank,

and often depended on personal relationships between the borrower and the banker

(Collins, 1988; Capie and Collins, 1999). As shown by Baker and Collins, prefer-

ences towards investment in liquid assets became more pronounced in the last

twenty years of the nineteenth century.5

To some extent, the London Stock Exchange exhibited a similar pattern of

investment. Investors in the London Stock Exchange did not refuse long-term in-

vestments in fixed assets. But commercial and industrial assets were only 10% of

the nominal capital traded, with government bonds and domestic and international

railways constituting most of floating nominal capital (Michie, 1999). The mer-

chant banks at the Exchange specialized in lending money to foreign governments.

Only investment trusts had some industrial concerns in their portfolios (Cassis,

1994).

5Baker and Collins show that after the 1878 banking crisis culminated with the failure of the
City of Glasgow Bank, British banks became more and more cautious and accumulated a large
amount of liquid assets.
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The second distinctive feature of late Victorian capital markets is monitoring,

as investors did not set up a formal monitoring technology (Reisser, 1911; Kennedy,

1987; Capie and Collins, 1999). Investors did not establish research committees to

evaluate the technical soundness of the projects or send their own representatives to

company boards. Banks acquired information regarding business ventures solely

through firms’ public business papers and informal sources (Capie and Collins,

1999).

George Rae, a financial journalist and a banker, in 1881 wrote a short treatise

laying down the main rules that a good country banker should abide by. A special

section was dedicated on how the banker should obtain information from outside

sources.

For the most part the banker has to rely on hearsay and opinion of

others. The banker will consequently have to sift the information

which you may gather as to the position of the individual with the

utmost care, because on no other subject of daily gossip is there

a greater tendency to exaggeration or mischievous credulity.6

Nor was monitoring technology developed by financial institutions operating

at the Stock Exchange. The main operators in the London Stock Exchange were

banks, insurance companies, investment trusts and pension funds. Investment

trusts developed in the second half of the nineteenth century. At the London

6Rae (1891) p. 54
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Exchange, their business consisted of buying a broad portfolio of financial assets

without exerting any control over the companies in which they had equity interests.

Merchant banks were mainly concerned with foreign assets rather than domestic

undertakings (Cassis, 1994).The other two operators were insurances and pension

funds, but they prefer to have a safe portfolio rather than investing in industrial

undertakings. (Cassis, 1994).7

This portrait is in contrast to what economic historians have reported about

other capital markets, and particularly Germany. Gerschenkron (1962) wrote that

German industrial banks “established the closest possible relationships with in-

dustrial enterprises”.8 Tilly (1969)reports that Rhenish bankers maintained “their

position of influence within the [Rhenish Railway] company by holding or ob-

taining voting rights over significant blocs of its shares”. The effectiveness and

the role of universal banks in financing industrial concerns however still object of

debate.9 Using data on German banks and German companies, recent research

by Fohlin (1998, 2001) shows that interlocking directorships between universal

banks and firms were not effective in relaxing credit market constraints, and the

assets/liabilities structure of the Grossbanken was quite similar to those of the

British commercial banks.

7Watson (Watson, 1996) reports a few cases of insurance companies lending money to brewing
firms, however.
8Gerschenkron, 1962. p.14
9Tilly, 1969. p.179
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2.3. Possible Effects on Technology Adoption.

The technologies of the second industrial revolution were profoundly different

from the breakthroughs of the eighteenth century. Electricity and heavy chemi-

cals were large-scale projects that needed stronger connection with formal science

(Mokyr, 1990).

These technical characteristics had important implications for the way such

projects were financed. They required a high up-front fixed cost, and they needed

a relatively long time before they started to work properly and deliver revenues.

In other words, more than their predecessors, they needed venture capital.

In the earlier stage of British industrialization, these needs has been more

modest. As described by François Crouzet:

At the beginning of the Industrial Revolution, the threshold of

entry into "factory" production was relatively low, especially in

the textile industry, where even the largest production units were

small.10

For example, electrical plants were major endeavors requiring money and time

before their successful completion. One example is the building of an electric

station in Deptford-London in 1887 by the London Electrical Supply Company

(LESco) and its most prominent engineer, SZ Ferranti. This plant was proposed to

light two millions lamps in London from a station located along the river Thames

10Crouzet (1972) p. 164
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at Deptford, for that period a major undertaking. Not until, 1890 LESco did

supply electric power, and only in 1895 the company could declare a first dividend

(Shiman, 1992).

The same was true for the new chemical technologies. The ammonia process

was complicated, and its implementation slow and difficult. Brunner and Mond,

the successful English company producing alkali with the processes pioneered by

Ernst Solvay, took several years before mastering the product even with Solvay’s

help (Lishcka, 1973; Shiman, 1992).

These technologies needed patient investors committed for a fairly long time to

the endeavor. British banks did not want to invest in fixed and granted loans only

for short periods of time, and apparently the LSE was not particularly interested in

investing in industrial assets. This mismatch between industrial needs and capital

markets features is at the heart of the capital market hypothesis for the British

relative decline.

Economic historians have reported twofold evidence. By analyzing a case study

of a Frank Hopper & Co., a firm producing bicycles in Coventry, Harrison (Har-

rison, 1982) argued that the system of loan renewal harmed the possibility of the

expansion of the firm in the motorcar business. Byatt (1979) reports similar cases

in the electrical manufacturing industry.

On the other hand, some scholars remarked that the Stock Exchanges did not

welcome the new technologies. Kennedy (Kennedy, 1987) reported how moody

and volatile investment in new endeavors was. In 1882, after the excitement of the
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electrical inventions at the Paris exposition there was a boom in the investment in

electricity stocks. After investors realized that this endeavor was not as productive

as they originally thought, they sold their equities already in 1883. Electricity stock

prices dropped considerably, forcing many companies into liquidation.

In many other circumstances the overdraft renewal system appeared to be an

effective instrument to support industrial endeavors. Cottrell (1979) documented

how the overdraft system was flexible enough to guarantee medium or long-term

financial support to many iron firms in northern England even in period of crisis.

Byatt (1979) reported that the electricity supply industry was adequately sup-

ported by the London Stock Exchange. Katherine Watson (1996) studied brewing

industry between nineteenth and twentieth century. Her analysis shows that brew-

ers turned to bank to finance working capital, but they effectively issued debenture

and preference stocks at the London Stock Exchange to finance fixed capital. This

system worked effectively over all the period under study. By 1900 more than 200

brewing firms were quoted at the London Stock Exchange.

In view of such a variety of case studies, this work takes an agnostic approach

and employs a large data set of companies to test the existence of credit market

constraints.
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2.4. The Methodology

The methodology developed in this paper starts from Rajan and Zingales

(1998). Differently from Rajan and Zingales, the focus is on the firms’ level, rather

cross-country and cross industry.

In a perfect capital market access to informal sources of capital should not

have a big impact on the economic performances of a company. The company

can always obtain the funds needed from a bank or the stock exchange at the

risk adjusted interest rate, and implement the optimal level of investment. The

situation changes when capital markets are imperfect. Some firms are more credit

market constrained than others, and access to informal capital sources may have

a relevant impact on their economic performance. These firms will have a higher

marginal productivity of capital, work at a scale that is below efficiency. In all this

circumstances and extra unit of capital obtained through informal channels would

encourage their economics growth.

In other words, connections with informal capital sources should be more im-

portant for credit market constrained firms than for unconstrained firms.

I use here a broad definition of informal capital markets which consists of loans

extended by friends and family and loans obtained through banks or investment

trusts at better conditions to what is officially stated. In the latter case better

terms must be the result of friendship, affiliation with the same brotherhood, or

even mutual trust between borrower and lender (see Uzzi, 1999).
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In this paper I measure access to informal sources of capital by looking at the

type and the size of the social network where the firm, and its directors, belong.

Networking should disproportionately help financially constrained firms. By ob-

taining extra funds through informal channels, such firms should grow more than

other constrained firms without access to informal credit. Similarly, networking

should not have a big impact on financially unconstrained firms which can obtain

the resources they need in the formal market.

The logic works also along another dimension. When studying credit market

transactions the information between the two parties can be classified either as soft

or hard (Petersen, 2002). Hard information is quantitative, and easy to store and

transmit in impersonal ways; its content is independent of the collection process.

Soft information is hard to communicate to others and even harder to capture in

written documents. More importantly, the quality of its content depends on the

way it is collected. As a result, distance between the borrower and the lender may

decrease the quality of the information obtained by the lender about the borrower

(Petersen and Rajan, 2002; Degryse and Ongena, 2005). The empirical analysis

by Petersen and Rajan shows that in a financial environment characterized by

“soft” information, physical distance may affect credit relationships. The lender

needs to have local presence and direct contact with the business in order to obtain

high quality information about it. Furthermore, Petersen and Rajan (1994), and

Uzzi (1999) noticed that in an environment where information is soft, relationship
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lending matters. The amount offered and the conditions applied to a loan will

depend on the degree of trust between the entrepreneur and the lender.

Closer distance to the lender should help firms that are financially constrained.

It should reduce the extent of the asymmetric information problem, allowing the

firm to increase the amount of external finance available. In the same way, a credit

market constrained firm should benefit more from being closer to the source of

credit (bank or stock exchange) than an unconstrained firm.

The test for credit market constraints is based on the following equation:

(2.4.1) ∆yi = αI + αc + ηAssetst + φY eari + λBPi + δTSIBPi + εi

(2.4.2) ∆yi = αI + αc + ηAssetst + φY eari + βNWi + γTSINWi + ui

∆yi indicates growth of firm i. αc is an indicator for the county where the

firm is located. αI is an industry indicator. TS represents a technology score

specific to industry I: the higher is TS, the closer is the firm to being a second

industrial revolution firm. NW is degree of networking enjoyed by firm i. BP is

bank proximity, and it is an index measuring how close a bank is to firm i: the

higher it is the closer is the bank. Assetst represents total value of the assets of
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firm i at the beginning of the period, and Y eari the year of incorporation of firm

i.

In this work, I test whether firms using second industrial revolution technologies

were more credit market constrained than other firms. If this hypothesis is true,

access to informal capital sources should matter more to an electricity supply

company rather than a cotton spinning firm. The latter can always obtain the

resources it needs from the formal capital market: its possible access to informal

sources becomes less relevant.

If second industrial revolution firms were credit constrained we should expect γ

and δ to be positive. If the technological score is big (the firm belongs to a second

industrial revolution sector), both networking and proximity of the bank will have

a big impact on the growth rate. If the coefficient on the networking interaction

is big, the firm will enjoy a much higher growth rate due the connections provided

by its directors. Similarly, if also the coefficient on the bank interaction is big, the

firm will display a higher growth rate.

The direct effect of networking is also introduced to prevent the interaction

from capturing some networking effects common to all firms. Technological score

is industry specific and its effect alone is absorbed by the industry indicator. The

proxy of distance from the bank is county and firm specific and it is also enters di-

rectly in the regression. ∆yi is measured by taking the first differences in the firms’

total assets value. The technology score is either a dummy variable representing

second industrial revolution sectors (chemicals, electricity and engineering), or a
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proxy for degree of novelty and capital intensity of industry I. Networking is

measured by number of titled people in the company boards of company i, and

total number of interlocking directorates displayed by the directors of company i.

Proximity to the bank is measured by the ratio of the number of branches of the

bank trading with firm i to the population of the county where firm i is located.

2.5. Variables and Data

2.5.1. The Sample

The data consists of two samples of 271 and 480 British companies for the pe-

riod 1895-1900 and 1900-04. The samples cover a wide variety of manufacturing

sectors: from chemicals to textile, from electricity manufacturing to leather and

rubber, from paper and publishing to iron and steel. I also consider three non-

manufacturing industries: coal mining, railways and electricity supply. Table 2.1

lists the sectors in the sample and the number of firms in each sector.

The sample is not random: all the firms are public companies quoted on the

London Stock Exchange. These companies had relationships with banks, and

issued bonds and stock. Since they experienced all possible financing methods,

they should suffer less extent problems of credit market constraint than other

firms. Thus, the bias arising from sample selection should weaken the channel

that is tested in this paper.

The sample appears to be representative of the British industrial structure.

Hart and Paris, (Hart and Paris, 1956) provided some estimates of manufacturing
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companies listed at the Exchange: there were 60 in 1885 and 571 in 1907. My

sample has 180 for 1895 and 322 for 1900. Even if the samples cover different

years, it appears that a sizable share of public companies is represented in the

sample.

All the major railways companies are in the sample. There were many smaller

companies, but they were usually owned by the biggest, and they were excluded.

Data for electricity supply companies were taken from Garcke’s Manual of Elec-

trical Undertakings, a yearly publication where annual reports of electricity under-

takings were transcribed. Among the companies reported, I selected companies

with private ownership rather than municipal corporations: 20 companies for 1895

and 30 companies for 1900.11

Only British companies were selected. Irish companies and foreign companies

were excluded. Companies headquartered in the UK, but with works located either

in the colonies or abroad are not considered in this study.12

The information about the companies was taken from balance sheets, and var-

ious annual publications such as the Stock Exchange Year Book and the Stock

11According to the information presented in the Stock Exchange Official Intelligence, in 1895
only 10 electrical supply companies located in the London area were quoted at the London Stock
Exchange. To have a wider variety of locations in this sector I considered also 10 other electrical
supply companies not quoted at the Exchange in 1895 but located in other parts of the country.
The results are robust to this change.
12A coal mining company having its headquarter in the City of London, but exploiting mines in
New South Wales, Australia was excluded. Few companies had activities in Britain and outside
Britain. In this case, only companies whose majority of physical assets (as indicated by their
balance sheet) was located in Britain were taken into the sample.
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Exchange Official Intelligence. The balance sheets of public companies were re-

trieved from the Guildhall Library, where a large collection of public business

papers is preserved. The information displayed on the balance sheets varies from

company to company and from year to year. From the accounts it is possible to

obtain important data such as total value of assets, revenues and depreciation. The

balance sheets also reported the names of the directors with their honorific titles

(Lord, Sir, Baronet), the address of the headquarters of the firm and its works.

Rarely, did the balance sheet display the name of the banks that had business re-

lationships with the firm, but fortunately, since 1891, the Stock Exchange Official

Intelligence reports this information. Table 2.2 presents summary statistics for the

main variables used in the analysis.

2.5.2. Firms’ Growth

Growth is defined as the difference between the book value of the assets between

1895-1900 and 1900-1904. The information is obtained from the balance sheets of

the companies in the sample.

Ideally growth of sales would be a better measure of firm’s growth, especially

when relating specific business performances to the features of the capital market.

Unfortunately, only rarely do annual reports indicate sales.13

13In the subset of the sample where sales are available the correlation between sales and total
values of assets is positve and equal to about 60%.
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In this analysis I am using total value of the assets as they appear in the balance

sheets as indications of firm size. Firms’ growth is the difference of this measure

between the final years and the initial years of the analysis. There is no correction

for depreciation or goodwills, and only retained earnings enter in the definition of

the total value of the assets.14

It was a widespread practice to register fixed assets at historical costs which

raises the problem of how to adjust for price changes value of the assets. I adopt

the following procedure: I assume that in the starting year (1895 and 1900) all the

assets are evaluated at market price. For the final year, I consider two extreme

cases: everything is evaluated at historical cost, so there is no need to deflate the

final year assets; or everything is evaluated at market prices, and I deflate the whole

amount of the assets by the appropriate price deflator. The truth lies somewhere

in the middle of these two measures, and two sets of regressions with the different

definition of firms’ growth have been performed.15

Table 3.4.9 show average growth rates for the industries in the sample. In both

samples electricity supply displays the higher growth rate: total value of the assets

14Although balance sheets were published by almost every public company and audited, there
was still not a dominant accounting procedure. The depreciation indicated in the balance sheets
did not represent the true value of the depreciation. In general, depreciation was an instrument
to accumulate secret reserves in good times (by setting it at a high value) and to increase the
probability of having profits and distribute dividends (by setting it at a low value). Fortunately,
the balance sheets display the amount of depreciation: the book value of the assets used in
the analysis is the n book value of the assets before depreciation. It is unlikely that arbitrary
depreciation affects the results of the analysis. The average depreciation observed is about 2%
of the total value of the assets. More importantly, the standard deviation of this figure across
firms is low: firms depreciated their capital in the same way. If there is a bias, it appears to be
small and equal for every firm.
15I use the consumer price index as computed by Feinstein (1972).
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grew at about 80% from 1895 to 1900 and 40% from 1900-1904. Metals other than

iron, and tobacco have the poorest performances.

2.5.3. Technology Score

Equations 2.4.1 and 2.4.2 use a technology score to indicate the type of technology

employed by every firm. A natural proxy is an indicator for the second industrial

revolution sectors: chemicals, electricity supply, electricity manufacturing and cy-

cles and motorcars16. Therefore, the basic test will rely on a dummy variable

denoting these endeavors. The result of this regression only suggests whether

some industries were more financially constrained than others; however the out-

come is not related to specific features of the firm or the industry. A more precise

test would relate companies’ specific characteristics to their performances on the

capital market.

For instance, Kennedy argued that British capital markets had a skeptical

approach towards new technologies. It is therefore interesting to study whether

the degree of novelty constituted an important factor in investment decisions. I

define the degree of novelty of an industry by its occupation growth between 1881

and 1891. Younger sectors should experience higher growth rates than more mature

industries. Using the 1881 and 1891 population censuses, I computed growth rates
16Particular attention was paid in building this score. I also performed analysis augmenting the
score with an additional cateogory called "Various Engineering". The defintion of various engi-
neering relies on the defintion of industries given by the 1907 census of production. The catergory
is composed of three sub-categories: heating-ventilating engineering, sanitary engineering, and
general engeneering. The latter sub-industry is composed by hydraulic engineering and textile
engineering.
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of industries at a very disaggregated level.17 This technology score is presented in

Table 2.4. As expected young industries such as cycles, explosives and electricity

display high growth rates, whereas more mature sectors such as silk and coal

mining experienced a decrease in employment.18 The possible bias coming from

this measure works against the hypothesis tested: if new industries had a hard

time developing in Britain, electricity should have grown less than its potential

and cotton should have developed overcapacity and grown more. In other words,

the score under-weights new industries, and over-weights old industries. In this

respect, railways, a mature sector, are noteworthy: they were highly rewarded by

capital markets and enjoyed a 30% increase in employment. On the other hand,

chemical fertilizers, a mature industry with important technological developments

after 1870, experienced a 20% decline in employment.

British banks preferred to finance working capital rather than fixed assets.

British capital markets did not set up formal monitoring technologies. Potentially,

these two features may have harmed more capital-intensive firms, or firms that

needed to establish a large plant. Economic theory (Baliga and Polak, 2004) pre-

dicts that in a world characterized by asymmetric information, a system of credit

relationships where the lender does not monitor leads to a less capital intensive and

17Unfortunately, it is not possible to use data before 1881. The occupational categories used in
the British Census of Population are not comparable, making quite difficult the computation of
meaningful growth rates.
18Remarkable are the figures for bicycles: the industry increased of ten times between 1881 and
1891.



56

small scale projects. A natural candidate as second technological score is there-

fore an index of capital intensity for every firm. Unfortunately, from the available

data, it is not possible to compute capital labor ratio at firm level. Only rarely did

companies’ annual reports indicate the number of workers or the wage bill. In the

same way, data on capital labor ratio at the industry level is not available until

1948. An alternative possibility is to use the capital labor ratio for United States

industries. Data on the American capital stock and labor force at the end of the

nineteenth century and beginning of the twentieth century are available from Cain

and Patterson (1981). The technologies used in US and Britain were not perfectly

similar, but the differences in cotton spinning equipments or the size of metallur-

gical plants should not make a big impact on the way industries are ranked.19 The

figure of capital labor ratio are presented in Table 2.5.

2.5.4. Bank Proximity

Physical distance between the borrower and the lender becomes relevant in an

environment where most of the information in financial transactions is soft.

Were late Victorian Britain financial markets characterized by soft or hard

information?

19For a survey on the technological differences between cotton spinning firms in Lancashire and
New England see Leunig (2003). On Iron and Steel, Landes (1969) and ?.
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Public companies had to publish balance sheets and annual reports. Banks

usually asked also to partnerships to deliver a copy of the balance sheet while ap-

plying for a loan. Annual reports and balance sheets were the only public financial

statements that firms and companies compiled.

Although these documents displayed a lot of useful information, they were less

intelligible than modern balance sheets. By common wisdom a sound financial

condition reported in a financial document was only a necessary condition to grant

a loan. Other information, not easily coded on official documents was needed.

George Rae recommended integrating the information from public reports with

hearsay and gossip. The banker should understand “how much a man is worth”.

Gossip and hearsay should help the banker to obtain this information. Contempo-

rary statements also suggests that physical distance mattered. Gilbart maintained

that:

It is bad policy to take the accounts of parties residing at distance,

as their transactions do not come under the notice of the banker;

and the fact of their passing by the banks in the neighborhood to

go elsewhere, is one that should excite suspicion.20

Cottrell (1979) reported that already in 1840 banks were concerned with the

location of the potential customer: a distant location was a sufficient reason to

turn down an application for a loan.

20Gilbart (1873) p. 215.
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Relationship banking also mattered. As documented by Capie and Collins,

despite being discouraged by the headquarters, branches’ officials granted unse-

cured loans to firms. This phenomenon was more widespread for partnerships, but

limited liability companies could also receive unsecured loans. In the latter case,

banks demanded personal guarantees to the directors. The practice of granting

unsecured loans underlines the extent up to which industrial lending was a matter

of personal relations between borrower and lender. (Capie and Collins, 1999)

Using an annual publication called “London Banks and Kindred Companies”

I reconstructed the population of branches in the Kingdom from 1881 until 1904.

This periodical reported general data on banks (both joint stock and private, Lon-

don and provincial) operating in the UK such as names of directors, headquarter

address, location of branches and agencies, nominal capital, and collected deposits.

For branches located in metropolitan areas, the precise address was reported. Un-

fortunately, for branches located in the countryside, the exact address is not avail-

able. From the balance sheet, I know what bank had business relationships with

the firm. Knowing that a specific firm was located in county x, and traded with

bank y, I constructed a proxy of distance taking the ratio of number of branches

of bank y in county x over population of country x.21 The data on population are
21While listing the banks’ offices, London Banks and Kindred Companies reported both branches
and agencies. It is therefore important to establish what offices were allowed to grant loans and
were considered the true bank’s representative by industrial customers. Branches were allowed
to provide loans and negotiate with entrepreneurs. What about agencies? The 1936 edition
of Thomson’s Dictionary of Banking gives the following definition for agency “Where a bank is
not represented by a branch or sub-branch it occasionally appoints a reputable party, such as a
shopkeeper, to act as its agent in receiving credits and paying cheques by arrangement. Such
items are remitted daily to the branch under which the agent works.” Archival records at Lloyds
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taken from 1891 UK population census. For the purposes of this work population

gives a better measure of size than surface area. For instance, Inverness is the

largest British county with an area of 2,616,545 acres. Using acreage as measure of

size would yield, for every bank, a very low bank proximity index. Inverness was

also among the least populous counties with 83,317 inhabitants concentrated in

its southern part. Banks and firms were also located in the southern part making

the size of the “relevant” Sutherland much smaller. On the other hand, Lon-

don/Middlesex had a size of 149,046 acres but it was the most populous area of

the Kingdom with 4,792,130 inhabitants in 1891. Despite being concentrated in

a smaller area, development of trust and personal relationships were much more

difficult in the impersonal environment of the metropolis than in the country. The

index captures this affect: all banks located in Middlesex have a low bank proxim-

ity index. In this sense, the index does not only give a proxy of physical distance,

but also a proxy of economic distance from the bank. It measures what is the

amount of soft information that flowed between the borrower and lender.

Normally, there is a higher concentration of branches in counties where firms

have better performances: it is therefore possible that the index measures the

relative economic performances of a certain geographical area. This problem is

group from 1866 (catalogue reference A/16/b/6.0) and related to the Worcester City and County
Banking Co. describe the duties and responsibilities of the agents. An agency covers duties
such as "to receive money for transmission to the Worcester City & County Banking Co Ltd;
for the credit of parties keeping current accounts at Head Office and the branches taking deposits
of money to earn interest; cashing cheques on the Worcester bank free of charge and to use his
discretion whether to make any charge to cash cheques on other banks." In both cases, no mention
is made about granting loans to entrepreneurs. On the basis of this evidence, in this study, I
consider only branches as relevant bank offices for loan purposes.
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alleviated by the fact that the regression controls for counties fixed effects. The

distance between the bank and firm might also be endogenous. Banks capable of

understating the good future potentials of the firm may have wanted to be located

closer to successful companies. Similarly, good companies may have wanted to

signal themselves to the bank by locating closer to one of its branches. In both

cases, the bank proximity index is more likely to indicate the quality of the firm,

rather than a financial channel. To solve this problem I use a two step procedure.

As a first step, I ran a multinomial logit where the dependent variable is 0 1

or 2 if the firm has a bank proximity index in the 33th,66thor100th percentile,

and as regressors various characteristics of the firms and the country where the

firm is located. I then constructed a correction term that should indicate all the

unobservable features of the firm, that might be correlated with a certain degree

of distance from the bank, and insert it in the growth equation.

The bank proximity index may also be correlated with the size or market power

of the bank. Bank that have more branches are more likely to be close to a

firm, thus the index may capture also effects related to size, bureaucratization

of the bank. For this reason the regression controls for size of the bank alone

measured both by the total number of branches and total amount of deposits

collected by the bank. The index may also be correlated with the market power of

the bank and the degree of banking competition within the county: to correct for

these effects I introduce in the regression an Herfindal index that measures how
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competitive is banking system in a particular county.22 Aside of being controls

for the Bank proximity index, bank size and banking competition may provide

an alternative (although less clear-cut) test for credit market constraints. Stein

(2002) and Berger, Miller, Petersen, and G. (2004) construct a model and a provide

for test where banks, depending of their size and their internal organization, may

exploit differently soft information. Smaller banks have a simple organizational

structure. Many times the branch manager is among the partners of the bank, and

has the autonomy of making decisions about loans. This gives him an incentive

to proficiently exploit any sort of information related to the borrower: both soft

and hard. In bigger banks, the internal structure is more bureaucratized: often

the manager who meets the customer does not make the final decision about the

loan, or he has to comply with the rules established by the headquarter. Soft

information cannot be easily transmitted from the branch to the headquarter, and

therefore the branch manager does not have an incentive to collect it.

If soft information played a role in the late Victorian Britain credit markets,

constrained firms might have been better off by trading with a smaller bank rather

than a larger bank despite smaller banks have a limited amount of resources avail-

able.
22The higher is the Herfindal index the less competitive is the banking system. The Herfindal
index is constructed using the market share of each bank in each county. Market shares are
usually measured taking the amount of deposits collected by a particular bank over total deposits
collected in the county. Unfortunately, London Banks and Kindred Companies only reported the
total amount of deposits collected by each bank at national level, and not county level. To
overcome this problem, I compute the market share of each bank using the number of branches
of a certain bank in a certain county divided by the total number of branches working in the
same county.
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In the same way, the Herfindal index might test if credit market constraint

firms benefit or not from being located in a county with a high degree of banking

competition. A fiercer competition among banks may give better choices and lower

interest rates to companies. On the other hand, as argued and tested by Petersen

and Rajan (1995), lower competition may favor credit market constrained firms by

promoting long term relationships between borrower and lender. In markets with

lower degree of banking competition, the lender can better internalize the benefits

of assisting a firm in financial distress. In highly competitive markets the bank

does not take into account the future stream of profits that a firm may deliver: it

has to break even period after period. In a less competitive market a bank can

share in future profits by applying lower interest rates when the firm is young or

distressed, and charging higher interest rates in the future when firm will have

firmly established its business.

It is important to remark that any result related to bank distance does not

imply irrationality of the firm when taking a location decision. Being close to

a source of credit was an important factor, but not the only one. Crafts and

Mulatu (2004) show how the localization of firms and industries followed a fac-

tor proportion/Heckscher-Ohlin logic: firms located in areas where the necessary

resources were more abundant. For instance, chemical companies were situated

close to nitrate caves and iron and steel factories close to mines. John Brunner

and Ludwig Mond decided to locate their factory in Winnington, Cheshire because
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of the numerous salt works in the area and the availability of limestone and coal.23

Electrical companies preferred to be located near water streams. It is reasonable

to think that firms maximized their expected revenue by taking the geographical

distribution of banks as given. But is it possible that the geographical distribution

of branches may have affected the firms’ growth? In a perfect capital market the

location of the bank should not matter. But if capital markets are imperfect, relo-

cating a branch a bit closer to a firm may have altered firms’ investment possibility

and firms’ profitability. The distribution of the bank proximity index per industry

is reported on Table ??.

2.5.5. Networking

The importance of social connections as a mean in obtaining financial capital has

been previously recognized.24 Several works have studied informal capital flows

in other countries and other historical contexts.25 To the best of my knowledge,

no study has estimated the amount of capital flowing through informal channels

during the late Victorian period. Nevertheless, there is a lot of anecdotal evidence

in this regard. Especially when a business endeavor was established, the founding

partners were particularly careful to look for new partners not generally interested

23Lischka pp 92-93.
24Cassis (1994) p.202.
25Lamoreaux (1994) for Industrial New England, Hanley (2004) for Brazil, La Porta, López-de
Silanes, and Zamarripa (2003) for contemporary Mexico and Maurer and Haber (2004) for late
nineteenth and early twentieth centuries Mexico.
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in the management of the business, but with a sufficient availability of financial

resources and a lot of important friends.

Charles Holland, a civil engineer from Manchester and long-time friend of John

Brunner’s, had agreed to help Ludwig Mond and John Brunner himself to find

mortgage money and then promised to purchase the land for the factory if it

should be needed.

Ludwig Mond commented in a letter dated 1873: "I found a third, sleeping

partner, with sufficient capital under rather favorable conditions for myself. . . a

nice man, a bit older than us; a man of means, intelligence and enterprise."26

But what were the main channels in operation? One possibility is the con-

nections with the very upper class of the late Victorian period. As documented

by Harold Perkin (Perkin, 1989), after 1850 British society became increasingly

segmented. The Great Depression reduced agricultural prices and rents. Landed

gentry started to look at industrial and financial business as way to diversify their

investments. As a result, a new rich and powerful “Plutocracy” came into ex-

istence formed by the union of the City financial business, the landowners and

important members of the professions such as judges or barristers27. They consti-

tuted the peak of the wealth and income pyramid and brought together political

power, financial capital, and social prestige.

26Quoted by Lishcka p. 94.
27Perkin (1989).
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At the same time the old aristocracy became increasingly involved in indus-

trial business. In the late Victorian period aristocrats were more often found on

the administration boards of industrial companies. At the same time, members

of professions such as judges and barristers were recruited onto the committees.

Having a member of the upper class in the company board meant having social

connections with men of net worth well known in the London financial market.28

The way the company and the titled director matched were different. Many

times the Peers themselves sought to differentiate their business and became in-

creasingly concerned in industrial endeavors. Lord Verulam for instance became

increasingly concerned in entrepreneurial business. In 1894, he was director of two

companies, in 1896, six companies, and by 1913 was director of thirteen compa-

nies. In addition to diversifying the investment they could receive an honorary.

The sum differed from company to company. In the case of Lord Verulam, the

director’s fee varied considerably, from the L=.50 of the Colchester Brewery Co. to

the L=.500 of Accles Borneo Rubber, and in aggregate it yield a substantial in-

come. Many other times the companies looked for a titled director, and usually

the company promoter had a leading role in placing puppet titled directors on

company boards.29 It is premature to say that there was a well defined market for

28Until the 1880s is was not unusual for peers to become directors of any sort of company. Again,
as effect of the agricultural depression, by 1896 there were 167 noblemen, over a quarter of the
peerage, holding directorships, most of them more than in one company Thompson (1963).
29Hooley’s successful technique was the use of members of the aristocracy as puppet directors.
To give respectability to his companies he paid members of the aristocracy to sit on the boards:
the prevailing tariff was 10,000 pounds for a duke; 5,000 pounds for a baron, and so on.
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titled directors, but in the last years of the nineteenth century, businessmen were

increasingly realizing the importance of acquiring respectability to their business

by placing good sounding names on the annual reports.30

It is important to remark that these men represent more than anything else

good relationships with the important financial centers of the late nineteenth cen-

tury and early twentieth century Britain. They did not have any particular business

ability; their main function was the acquisition of the financial capital necessary

to maintain sound business activities.

While describing British capital markets in the early twentieth century May

(1939) reported,:

“Sometimes a man with good name, knowing nothing about the

business and even without residence in the country, is set up as

chairman with the principal duty of reading the annual speech,

which has been written out for him, to shareholders”.

The senior official receiver. H.E. Burgess, provided evidence along the same

lines:

“I so frequently find [directors] are expert in nothing at all. The

merely get a nice-sounding name to put on the prospectus. They

30He quoted an ad appeared on the October 4, 1932’s Daily Telegraph that, although correspond-
ing to a leter period, is still quite suggestive. “A titled gentleman is wanted to communicate with
progressive company with a view to installing him as director. Write A,. Box 10,161.”
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can offer nothing but that name or the acquaintances they have

who can be induced to put up capital”.31

The challenge is to have a quantitative measure capable of capturing such so-

cial connections. I propose two measures: the number of titled people (Lords,

Baronets, Knights, MPs) in the directors’ committee and the number of inter-

locking directorships displayed by the directors on the boards of companies in the

sample.

Most of the individuals belonging to the new upper class had either hereditary

or not-hereditary titles; they were member of the House of Commons. In 1913-

14 there were about 1,500 peers and baronets and another 1700 non-hereditary

knights (Perkin, 1989).

I consider a definition of title that takes into account Peers, Judges (Justice

of Peace) and Members of the Parliament . I do not consider purely professional

titles related to the business of the firm (such as Master in Engineering, Fellow of

the Royal Scientific Society) since they can correlate with professional abilities. In

the company’s annual report the names of the directors and their titles are usually

indicated. As supplementary sources, I use the information reported on the Stock

Exchange Year book and the Stock Exchange Official intelligence. They were both

annual publications giving general and financial information on the companies

31Ibid q. 479. Wilfred May also reports that companies actively searched for titled people to
appoint as directors.
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quoted at the London Stock Exchange. Table 2.8 displays the distribution of

titled directors per sector

The number of titled people in the administration board may have depended

on the performances of the company during the period considered. Companies

that had been very successful between 1895 and 1904 may have recruited a larger

number of titled directors. To avoid this problem I use the number of titled di-

rectors at the beginning of the period. The results of the empirical analysis have

to be interpreted in the following way: how ex-ante networking affected ex-post

firms’ performances.

Reverse causality issues may still arise through another channel. It is possible

that a titled person knew the future potentials of the company and chose to be

member of its administration board. Having a titled director may have been in-

dicative of a better organization, better technical skills, or better reputation in the

market. In this case, we would observe high growth associated with titled directors

not because the directors could obtain capital through informal sources, but just

because they decided to be part of the most profitable companies. To alleviate

this problem I use a Heckman two-step procedure to correct for selectivity bias.

In the first step I run a probit regression where the dependent variable is one if

the company has at least a titled directors and zero otherwise. As regressors I

use different features of the firms such as its size, age and the industry where it

belonged. Using the results coming from the first stage, I construct a correction

term for selection bias and insert it as new regressor in the firms’ growth equation.
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This term should capture firms’ unobservable features related to the number of

titled members on the administration board.

Another proxy for networking relies on the number of interlocking directorships,

directors positions held in other companies by the directors of the companies in

the sample, enjoyed by each firm. Rubinstein (Rubinsten, 1981) noticed that for

the post-1880 professional entrepreneurs did not hold more than three director-

ships in companies. Only 10% held more than three. Who generally held many

directorships were the members of the landed aristocracy.32 This measure should

capture under another angle to what extent the company belonged to the “right

network”. Information about interlocking directorships can be obtained by the

Directory of Directors, an annual publication listing the names of the directors of

public companies quoted in London. Together with the names, they were indicated

the names of the companies where these gentlemen were serving as directors. It

is therefore possible to learn in how many and which company boards a single

individual was participating. The distribution of interlocking directorships across

industries is shown in Table 2.7. Railways have on average the larger number of

titled people in the company board.

Also with this networking proxy, reverse causality problems may affect the

analysis. I therefore run a multinomial logit as a first step to create a correction

variable that measures all the unobservable firm’s characteristics that might be

associated with a certain number of interlocking directorships.

32Thompson (1963) p. 307
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2.6. Empirical Results

2.6.1. The Basic Test

Tables ??-2.14 presents the findings of the basic test where the technological score

is the dummy for second industrial revolution firms. The regression has county

and industry fixed effects to alleviate problems deriving from omitted variables.

Standard errors are presented in parenthesis below the coefficients. The dependent

variable is the growth of the firm.

Table ?? displays the results with bank proximity for the sample in the period

1895-1900. Columns 1 and 2 show the findings using the dummy second industrial

revolution as a technological score, and distance from the bank measured with the

branch intensity index. The branch intensity index may be correlated with market

power and size of the bank. To capture the effect due only to branch proximity,

the regression controls for size of the bank both measured with number of branches

(column 1) and total deposits collected in 1895 (column 2). Moreover, an Herfindal

index controls for the degree of banking competition within the county.

The coefficient on the interaction term (Second Industrial Revolution * Bank

Distance) is positive and significant with both controls for the bank size. The coef-

ficients on the interaction terms with bank size are small. On the other hand, the

interaction term with the Herfindal index is positive and statistically significant.

In all the specifications number of branches and amount of deposits display a small

and not statistically significant coefficient. We observe a similar pattern for the
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year of incorporation of the firm. The proximity index alone is not significant as

well.

The coefficient associated with the bank proximity interaction is equal to 9.151

when size of the bank is measured with number of branches. Does it mean that

bank proximity played an important role in lending relationships? The answer to

this question lies in the interpretation of the coefficient itself. The 75th percentile of

the bank proximity index in the 1895 sample is Consolidated Banks in Lancashire.

The 25th percentile of the bank index is Martin’s bank in the metropolitan area

of London. The econometric result tells that a second industrial revolution firm

located in Lancashire and trading with Consolidated Banks grew 1.12% more per

year than a new technology firms located in London and trading with Martin’s

Bank. In other words, it was more likely to be closer to Consolidated Banks’

branch in Lancashire that to a Martin’s branch in London, and this affected firms’

economic performance.33

33This result suggests that even within a geographical area a firm should have chosen the bank
with the largest number of branches because it was more likely to be the closest. If there were
such large gains, why didn’t they do it? It is possible that some new technology firms prefer to
have business relationships with private banks rather than larger joint stock banks. Private banks
were less bureaucratic and more flexible in setting terms of loans. On the other hand, private
banks (especially in the London area) had only one branch and were on average more distant: this
resulted in a cost for the firm. Notice that, by controlling for the size of the bank, the regression
controls for possible benefits deriving from trading with private banks. It is also possible that
a new branch of a competing bank opened an office in the neighborhood of the firm, but the
firm did not want to switch from the old to the new bank. For the period observed, and in the
majority of cases, firms traded only with one bank and never changed bank. Modern corporate
finance shows that long lasting business relationships between a bank and a firm yield benefits
to the company. It is possible that firms preferred to exploit long lasting business relationships
with a more distant bank, rather than starting a new business with a closer bank. Since firms
did not change banks, the age of the firm is a good approximation of the length of the business
relationship with the bank: the regression controls for this possible effect. As noted before, what
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Some other examples can provide further clarification. A second industrial

revolution firm located in Hertfordshire and trading with Lloyds Bank is not con-

sidered “close to a bank”: Lloyds did not have any branch in Hertfordshire and

the firm would have not gained any additional growth from being there. A firm

located in Northamptonshire, where Lloyds had one branch for a population of

638,830, would have gained an additional 0.76% of growth per year when com-

pared to Hertfordshire. A firm located in Sussex, where Lloyds had four branches

for a population of 330,883, would have attained an extra 1.14% of annual growth

when again compared to a similar company located in Hertfordshire. Since the

average growth rate of the firms in the 1895 sample is 5.2% per year the effect

related to the bank index is quite sizable.

Also banking competition displays a quite important effect. The coefficient

on the interaction with the Herfindal index is equal to 3.44. The induced effect

is the very big: a second industrial revolution firm located in a county at the

75th percentile (Kent extrametropolitan or Pembrokeshire) of banking competition

would have grown at a 5% per year higher than a similar firm located at the 25th

(Staffordshire).

Table 2.12, Column 1 reports the results of the basic test with number of titled

people in the company board. The coefficient on the interaction variable is positive

and statistically significant. A firm operating with second industrial revolution

really matters is that bank proximity played a role in determining companies’ performance. If
capital markets were perfect, bank proximity should not have any influence.
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technologies and an additional titled director enjoyed an extra 1.15% of growth per

year. Column 2 shows the results when controlled for selection bias. The coefficient

on the interaction second industrial revolution/titled directors is still positive and

significant, and its magnitude is not altered. On the other hand, the correction

term has a negative sign and is not statistically significant. Column 3 displays

the results when the networking variable is "Interlocking Directorships". The

coefficient on the interaction is positive and significant. An additional interlocking

directorships to the firm would have yielded 0.42% of extra growth per year to the

firm. Column 4, displays the results with the correction term: sign and magnitude

of the relevant coefficients are unchanged.

These results denote very big effects even if extrapolated at a macro level. Let’s

assume for simplicity that firms with at least a titled directors were growing at a

"financially unconstrained rate". Again, a second industrial revolution firm with

a titled directors would have gained an extra 1.14% of growth in respect to an

average firms. In other terms, it would have grown at rate that was 22% higher

than that of an average firm. Feinstein and Pollard (1987) reports that the ratio

of gross capital employed in electricity over total gross capital of the UK economy

in 1890 was 0.04%. If all electricity companies had been financially unconstrained

this ratio would have grown at 22%, implying that by 1900 the ratio would have

been 13% against the 0.47% we observe in the data! In 1900, the same figure for
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the US was 0.87%. lower than the counterfactual British figure.34 The effect is

huge.

Table 2.13 presents the results with banks for the 1900-1904 sample. The

interaction between the second industrial revolution score and bank proximity

index is positive and significant. The result is robust after controlling for bank

size both measured by the number of branches and the amount of deposits. The

coefficient on year of registration of the company is now statistically significant

and positive.

The difference between the 75th percentile of bank proximity index and the

25% is now 2% of growth per year. In other words, an new technology firms

trading with a bank in the 75th percentile of distance would grow 2% faster than

a firm trading with a bank in the 25th percentile. Following the previous example,

trading now with Lloyds in Sussex yielded an additional 1.1% of growth per year

when compared to any other country where Lloyds does not have branches. The

effect on a firm’s growth is still quite big when we notice that the average growth

rate of firms in this period is 2.1% per year. Interestingly, all firms operating

with bigger banks were growing at a lower rate than other firms. However, the

coefficient is quite small.

The coefficient on the interaction with banking competition is still positive, but

not statistically significant.

34The figures for the American industries are taken by Ulmer (1960).
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Table 2.14 column 1 shows the results of the basic test with titled directors for

the 1900-1904 sample. The interaction variable is significant and positive. An extra

titled person yielded an additional 1.1% of growth per year. Again the coefficient

on age of the firm is positive and significant. Column 4 displays the outcome with

self-selection correction. The coefficient on the interaction term does not change

sign and magnitude and it is still significant. The selection correction term is

positive, but not statistically significant. Column 2 presents the results for the

interlocking directorships. The coefficient on the interaction term is still positive,

but no longer significant. Moreover, it is smaller than the same coefficient for

the 1895 sample regression. The result does not change when the regression is

corrected for self selection.

Table 2.16reports the results for the probit first step needed to construct the

selection correction variable. In the 1895 sample having an administration board

composed of many members increased the probability of having a titled director.35

Moreover, electricity supply, chemicals and engineering companies were more likely

to have a titled director in the administration board.

In the 1900 sample, the age of the firm and its size (measured by total value of

the assets) made a firm more likely to have a titled person in the administration

board. On the other hand, the industry where the firm belonged did not have an

35The number of directors is a proxy of the degree of bureaucratization of a company. A company
with an administration board composed of many members is more likely to have a hierachical
structure of managers and deputy managers. The biggest railways companies are examples.
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important impact on the likelihood of having a titled director. Also the number of

members of the administration board did not have a significant impact.

Table 2.17 presents the results of the multinomial logit related to the interlock-

ing directorships. The 33th percentile is the reference category. Being a firm in

Iron and Steel in 1895 increased the probability of being in both between the 33th

and 66th and betweem the 66thand 100th percentile. Total value of the assets at

the beginning of the period increased the probability of having many interlocking

directorships in the 1895 sample, but decrease the same likelihood in the 1900

sample.

2.6.2. Technological Features and Credit Market Constraints

This section formally evaluates the possible characteristics that may have prevented

capital markets from financing new technologies. There are at least two features

that should be considered: degree of novelty and capital intensity.

The results with the score indicating the degree of novelty are presented in

Table 2.18 for 1895-1900. In columns 1 and 2 the specification with log of occupa-

tion growth interacted with bank proximity index is used. The coefficient on the

interaction term is positive and statistically significant. A way to get a sense of the

magnitude of the effect is as follows. Gunpowder and explosives is among the in-

dustries that displayed the highest occupation growth. Silk experienced a decrease

in occupation. Again, the 75th percentile of the bank proximity index for 1895 is

Consolidated Banks in Lancashire whereas the 25th percentile is Martin’s Bank in
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London metropolitan area. A chemical explosive firm trading with Martin’s Bank

in London would have grown at a 0.2% per year higher than a silk firm located in

London and also trading with Martin’s. On the other hand, a chemical explosive

firm trading with Consolidated bank in Lancashire would have grown at a 0.9%

per year higher than a silk firms in the same conditions. Again, proximity to the

bank is a more important determinant of growth for a second industrial revolution

firm than a traditional firm.

Also the interaction with banking competition index is positive and significant.

A chemical explosive firm located in a county at the 25th percentile of banking

competition would have grown of an additional 3% in comparison to a silk firm

located in the same county. The differential in economic performances becomes

bigger in a county with a lower degree of banking competition (at the 75th per-

centile): the explosive firm would outperform the silk company by 5% per year.

In the specification with titled people (column 3) and interlocking directorships

(column 4) the coefficient is positive, but not statistically significant. Apparently,

titled people and interlocking directorships did not a play an important role in

determining economic performance of firms operating with new technologies.

The results are somewhat different in the 1900-1904 sample (Table 2.19). The

interaction of the bank proximity index with occupation growth yields a positive

and statistically significant coefficient. The interaction on the Herfindal index is

still positive, but not statistically significant. In 1900, Bank proximity mattered

also for firms operating new technologies.
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Turning to networking variables measured with titled directors and interlocking

directorships: both of them display a positive coefficient. The interaction with

titled directors is also significant.

When the technology score is capital intensity of the industry (Table 2.20), in

the 1895 sample, the interaction with the bank proximity index is positive but

no longer statistically significant. The interaction with Herfindal index is still

positive and significant. It appears that a lower degree of banking competition

helped capital intensive firms.

Interestingly, while titled directors does not have an effect on firm’s growth,

the interaction with interlocking directorships displays a positive and significant

coefficient.

In the 1900 sample (Table 2.21), the coefficient on the interaction with bank

proximity index results again positive and significant. The interactions with titled

directors is still positive, but not significant. The interaction with interlocking

directorships is negative and not significant.

In both samples, banking variables appear to be an important determinant of

growth for new technologies and capital intensive firms. The evidence on the other

proxies is more mixed. Interlocking directorships appear to matter for capital

intensive firms between 1895 and 1900, whereas titled directors mattered for new

technologies firms between 1900 and 1904. It is important to notice that in all the

specifications but one the sign of the coefficient is always positive, and magnitude

quite important.



79

2.6.3. Other Tests

2.6.3.1. Political Connections. Titled people may measure not only a financial

channel, but also political connections that helped firms to achieve higher growth

rates. This can be particularly true for electricity supply. Hannah (Hannah, 1979)

reports how the allocation of the electricity franchises in the various districts of

London was the result of political struggles between different vested interests. In

many instances private electrical enterprises needed the authorization of the local

government to expand their activities and open new power stations.36 Having a

member of House of Commons or the House of Lords on the administration board

may have helped electrical firms win such political struggles and obtain better

working terms.

This fact can also be true in older industries. A sector where Peers had long

lasting interests was railways. The tracks needed to pass over the land, and the

old aristocracy was the owner of the land. Like railways, coal and iron mining were

activities intrinsically related to the ownership of land: a Peer on the administra-

tion board may have permitted the company to pay lower royalties and have easier

access to the mines. In these two sectors the effect of having a titled person on

the board works against the hypothesis tested in this work: the problem arises for

electricity supply. To see if possible effects of political connections are biasing the

analysis in an important way, I dropped electricity supply from both samples and

again ran the experiment with titled directors. The results are presented in table
36Hannah, 1976 p. 44
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2.22. The coefficients on the interaction dummy are still positive and statistically

significant on both samples.

2.6.3.2. Age of Companies and the 1903-1907 recession. It is also useful

to study whether the effects of bank proximity and titled directors are stronger for

younger firms rather than old firms. Younger firms should be more constrained

than older firms, thus requiring a larger amount of external finance. The age of the

firm is proxied with the year of incorporation.37 A way to observe this effect is to

split the sample into old and young companies and run the same set of regressions

on the two samples. Unfortunately, this experiment is not possible for the 1895-

1900 sample. Most of the second industrial revolution firms were young firms.

Splitting the sample on the median age, 1885, would leave more than 80% of new

technology companies in the sub-sample of young firms, and less than 20% in the

sub-sample composed of older firms.

This experiment is possible, however, for the 1900-1904 sample. Here com-

panies operating with second industrial revolution technologies start to be more

mature, and the division of the sample becomes more meaningful. I split the

sample with firms incorporated before 1892 and after 1892 and run separate re-

gressions on each sample.38 Fifty percent of the new technology firms are classified

37It is difficult to establish with precision the age of the firm since its foundation. The Stock
Exchange Official Intelligence reports only the incorporation date. Many times, before becoming
joint stock limited liability companies, firms were partnerships or private companies. However,
incorporation date can still be considered a good proxy.
38Similar splits made for 1894, 1896 and 1897 do not yield different results.
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as “Young” and fifty percent are classified as “Old”. Results are reported in Table

2.23 for "old" companies and Table 2.24 for "new" companies.

Interestingly, it appears that bank distance had a greater impact on older firms

than on younger firms. The coefficient of the interaction term with the bank

proximity index is positive and significant for firms registered before 1895 and still

positive but not statistically significant for firms registered after. At a first glance

this result seems surprising: usually younger firms are more in need of external

finance. A closer inspection of the data reveals that much of the result on bank

distance is driven by electricity firms. All these firms are considered as middle aged

being incorporated between 1885 and 1892. Running the regression on the growth

equation (on the whole sample) and creating a score that attributes a value of one

only to electricity firms yields a positive, high valued and statistical significant

coefficient on the interaction variable (Table 4.3). Between 1903 and 1907 the

electricity industry was in a period of crisis. The industry faced difficult times as

domestic investment fell by a third between 1903-1908. (Kennedy, p.137 and Byatt

p. 151).39 Industries in distress needs more external support than other industries.

Overdraft may need to be rolled over, banks may grant longer period of time for

the repayment of the loans.

The results on the Titled people in the administration board is presented on

column 3 and column 6 of Table 2.25. Here titled people have a stronger effect on

39Byatt attributes the recession in the sector to the excess of capacity generated in the previous
years. Kennedy describes it as a phenomenon related to business cycle: demand for electrical
equipments and electricity decreased as the aggregate investment decreased.
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younger companies: an additional titled director produce an extra 3% of growth

per year to the firm over an average growth of 3.1% for young firms. The effect

on older companies despite having a positive sign, smaller magnitude and it is not

statistically significant.

Interestingly the coefficient on the interaction with interlocking directorships is

now positive and statistically significant. Interlocking directorships had an effect,

although not very big, on younger companies. An extra interlocking directorship

gave an additional 0.01% of growth to the firm.

2.7. Possible Theoretical Explanations

The empirical work presented in this paper raises the question of why profitable

investment opportunities were forgone by investors. Starting from the seminal

study by Stiglitz and Weiss (1981), many other analysis have explained how asym-

metric information problems may have limited the amount of funds for profitable

investment.

Some more recent works more explicitly in analyze institutional differences

between different credit market systems. In particular, the literature of Soft and

Hard budget constraints remarked how the structure of the banking system may

offer different solution to problems of adverse selection Dewatripont and Maskin

(1995), Qian and Xu (1998).

Dewatripont and Maskin emphasize the differences in banking systems as a

way to sort out bad entrepreneurial projects from good entrepreneurial projects.
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Their world is composed of bankers and entrepreneurs, and lasts three periods.

Entrepreneurs can either be good or bad. Good entrepreneurs can choose between

good projects, i.e. projects that require only one unit of capital and deliver rev-

enue at the end of the same period, and very good projects, projects that require

two units of capital (one on each period) and deliver very high revenue after two

periods. On the other hand, bad entrepreneurs can only undertake bad projects:

projects that again require a capital injection each period, and deliver the same

revenue of good projects after two periods. Bankers cannot distinguish between

the typology of projects and the typology of entrepreneurs. The model yields two

equilibria: one where investors create "small" banks and good entrepreneurs choose

short term project; another where investors manage "big" banks, and good entre-

preneurs choose long term projects. Setting up a system of small banks, i.e. banks

that do not have enough capital to refinance longer term projects for the second

period, is a commitment device that prevents bad entrepreneurs from entering into

the market. Threatened by the possibility of early liquidation, bad entrepreneur

prefer to stay out from the market. The system incurs in a type two error: the

same threat applies to good entrepreneurs choosing longer terms highly profitable

projects. Therefore, good entrepreneurs will choose short term projects. The other

possible equilibrium is characterized by big banks, i.e. banks that can refinance

the second stage entrepreneurial projects: in this case good entrepreneurs choose

longer terms projects. However, the system incurs in a type 1 error: also bad

entrepreneur have an incentive to enter into the market. For certain parameters
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values the model displays both equilibria. In this context, the Anglo-Saxon/British

system characterized by small banks mainly financed by deposits can be considered

a commitment device necessary to prevent bad entrepreneurs from entering into

the market. The implication is that longer-term investment should have harder

time to be financed in a British system rather than in German system. Moreover,

if the returns from the good long term project are very high, the German equi-

librium Pareto dominates the British equilibrium and generates a bigger surplus.

If the my estimated differences in firms’ growth of the firms, are a good proxy

of forgone investment opportunities, in the Dewatripont-Maskin’s framework, the

loss deriving from the British financial system appears to be big.

Similarly, Von Thadden (1995) provides for a model of short-term behavior

based on the threat of early termination. Entrepreneurs can be good or bad,

and the lender has to sort out their quality. Projects last two periods and have

uncertain returns every period. Short term projects are more likely to succeed

in the short run, whereas long term projects are more likely to succeed in the

longer run. The lender tries to understand entrepreneurial qualities by observing

the results delivered by the entrepreneur in first periods of undertakings. The

lender has also the option of terminating the project after the first period if the

project delivered bad results. In order to avoid early termination, entrepreneurs

may choose short term less profitable projects, that have higher chances of success

in the short run.
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Baliga and Polak (2004) describe the differences between British and German

financial system by relying on the difference between monitored debt and non-

monitored debt. In the German system, the lender pays a fixed cost and monitors

the borrower. In an Anglo-Saxon system, lenders do not monitor, but enforce

an incentive compatibility constraint on the borrower. For certain values of the

parameters the model yields multiple equilibria. Their set up predicts that firms in

a British should be more numerous but smaller than in the Germany. An Anglo-

Saxon system always Pareto dominates a German one but a German system can

produce a higher amount of total surplus. The genesis of the two equilibria relies

on the thickness of the secondary market for debt. Monitored debt does not have

a market, non-monitored debt may be represented by bonds and debenture may

have a market. The cost of the latter for the lender depends on the thickness of

the secondary market for debenture.40 The large stock exchange in London made

non-monitored debt cheaper in Britain than in Germany.

A macroeconomic analysis is required to fully evaluate the impact of credit

market constraints on British macroeconomic performances and the diffusion of

new technologies. However, the differences in predicted growth rates for second

industrial revolution firms discovered in this paper, together with the theoretical

predictions of these works, let us think that the impact of credit market constraints

40In particular, as Pagano (1999) points out, the size of the financial market reduces assets
volatility, making more attractive to risk averse agents to trade equities and debt, and therefore
making the market even thicker.
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on British second industrial revolution companies might have had a big impact on

Britain’s productive structure and Britain’s output.

2.7.1. A simple mechanism of early liquidation

The differences between German and British financial system is well documented.

The London Stock Exchange offered a large variety of investment opportunities

both in the UK than abroad. The stock market capitalization over GDP ratio

in 1913 was larger for Britain than Germany (1.09 vs. 0.44) providing further

evidence about the liquidity and thickness of British financial market (Rajan and

Zingales, 2003).

An appealing possibility is that thickness of the financial market may also

have an impact of the time horizon of the project. Using the same structure

of Von Thadden (1995), I show how the possibility of selling the project on the

financial market after a bad result may affect the choice of the time horizon of the

project.

There are three periods 0, 1, 2, and two agents: an entrepreneur (borrower) and

a lender. The entrepreneur manages investment and production, but she does not

have the resources to initiate and carry on entrepreneurial projects. To activate

the project, the entrepreneur needs K units of capital at the beginning of period

1. To complete the project she needs another injection of K units of capital at the

beginning of period 2. The lender has this resources and can borrow the required

amount to the entrepreneur. There are two types of projects: short term and long
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term according to the relative probability of success in period 1 and period 2. The

entrepreneur, before signing the contract, chooses what type of project wants to

undertake.

In period 0 entrepreneur and lender sign a contract: the lender agrees in advanc-

ing K at the beginning of period 1. Any advancement of capital fully depreciates

at the end of the period. I indicate with V i
t and W i

t the share of the rent enjoyed

by the borrower and the lender at time t for project i.

Not necessarily the entrepreneur has good skills. With probability (1− λ) the

entrepreneur is bad, and delivers no revenue in both periods. With probability

λ the entrepreneur is good and delivers revenue according to the rules explained

below. Neither the entrepreneur nor the the investor know the entrepreneurial

qualities of the borrower. The choice of the project and the outcome of the project

is common knowledge. Both short term and long term projects yield R when they

are successful and 0 when they are unsuccessful. The difference between the two

projects lies on temporal sequence of the probability distribution over the possible

outcomes. The short term project will succeed with probability πS1 in period 1 and

πS2 in period 2. Similarly, the long term project will succeed with probability πl1

in period 1 and πl2 in period 2. The key assumption is that π
S
1 > πl1 and πS2 < πl2.

The short term project has more chances of success in the short run, whereas the

long term project has more chances in the longer run.

I will assume that πl1R + πl2R > πs1R + πs2R, that is, in expectation, the long

term project is more profitable than the short term project. At the end of period
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1, after observing the realization, the lender can decide to liquidate the project. If

the lender liquidates, she will obtain a fixed value S, otherwise her continuation

value. The borrower does not obtain any value from the liquidation.41

The value of continuation will depend on the update probability of success

given the result obtained in period 1. If the entrepreneur successfully delivers R is

good with probability one, and therefore, in period 2 is going to be successful with

probability πi2 (i = s, l) . If the entrepreneur fails in period 1, her probability of

success in period 2 is going to be λ(1−πi1)πi2
1−λπi1

< πi2. In other words, the lender cannot

evaluate whether the entrepreneur is bad or unlucky. She operates a Bayesian

updated of probability of success in period 2.

While making the decision of liquidation, the lender compares the value S with

the value of continuation that is equal to

πi2R

in case of success in period 1, or

λ(1− πi1)π
i
2

1− λπi1
R

in case of failure in period 1.

41This assumption captures the fact that being sold on the financial market would harm the
borrower.
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Before signing the contract, the borrower will make the decision about what

project undertaking by comparing the expected value from the long term project

and short term project.

She will choose the long term project if

(2.7.1) λπl1V
l
1 + πl2V

l
2 > πs1V

s
1 + πs2V

s
2

The interesting case is when the borrower decides liquidation in case a bad

outcome is given in the first period. In this situation, the liquidation value for the

lender has to be high enough so that:

(2.7.2) πl2W
l
2 > πs2W

s
2 > S >

λ(1− πl1)π
l
2

1− λπl1
W l
2 >

λ(1− πs1)π
s
2

1− λπs1
W s
2

For some parameters value the borrower may choose to undertake the short

term project because both gives a higher expected revenue in the short run and

minimize the probability of liquidation. Under 2.7.2 the expression 2.7.1 becomes:

λπs1 (V1 + πs2V2) > λπl1
¡
V1 + πl2V2

¢
This case hold for relatively high values of success probability in period 1 for

the short term project, relatively low values of λ.
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For instance, for the following parameters values: πs1 = πs2 = 1/3; πl1 = 1/4;

πl2 = 3/4; λ = 1/2 and if the borrower and the lender share equally the rent

for both projects and in both times the relevant inequalities are respected. For

liquidation values high enough, and low values of λ long term profitable projects

are forgone for shorter terms projects.

This simple idea represent the crude structure of a more complex macroeco-

nomic model that aims to study the diffusion of new technologies in Britain given

the existence of credit market imperfections.

2.8. Conclusions

This paper developed an analysis useful to measure credit market constraints

on British firms for the period 1895-1904.

Historical literature has pointed out the inability of British capital markets

to finance the technologies of the second industrial revolution. This paper tests

this hypothesis by looking at two samples of about 270 companies, for the period

1895-1900 and about 430 companies for the period 1900-04.

The test is based over the capability of financially constrained firms to access

informal capital market. A financially constrained firm should grow more if closer

to a bank: in this way information between borrower and lender can more easily

flow. Similarly, a company financially constrained on the formal capital market

should grow more than a financially unconstrained firm when its directors enjoy

a large financial network and hence they are able to obtain capital from informal
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sources. Networking is proxied by number of titled people (Lords, Baronets, MPs)

in the company board and number of directorates held by the chairman of the

company. Interlocking directorships gave an extra 0.42% of growth per year to

a Second industrial revolution firm between 1895-1900. They did not play an

important role between 1900 and 1904.

The analysis shows that an additional titled person in the company board

yielded an extra 1.14% of growth between 1895-1900 and an extra 1% between

1900-1904 to firms engaged in second industrial revolution technologies. An addi-

tional interlocking directorships generated an extra

Trading with a closer bank gave in average an extra 4% of growth per year

between 1895 and 1900 and an extra 2% between 1900 and 1904 per year.

The analysis also analyzes what features of the second revolution technologies

are at the root of the result. These technologies are typically new and capital in-

tensive endeavors. Bank proximity was an important determinant of growth both

for capital intensive firms and firms using new technologies. Networking measured

as number of titled directors helped more new technologies firms, whereas inter-

locking directorships positively affected economic performances of capital intensive

firms.

Young companies and financially distressed companies should rely more heavily

on external finance and be more sensitive to the access to informal sources of

capital. This paper finds that titled directors and interlocking directorships have

a big and positive impact on the growth of young companies. On the other hand,
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bank proximity was a very important determinant of the performances of second

industrial revolution companies in financial distress, especially in electricity.

This paper is part of a larger research project that studies the effect of credit

market imperfections in the diffusion of new technologies between the nineteenth

and the twentieth century. The next step will consist of an evaluation of the macro-

economic impact of credit market constraints in the diffusion of new technologies

in late Victorian Britain.
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Table 2.1. Number of Companies by Sector

1895 1900
Brewing 15 20
Tobacco 3 6
Textile, Clothing and Leather 38 65
Coal, Iron, Clay and Stone Mines 36 46
Iron, Steel and other Metal manufacturers 21 36
General and Electric Engineering 49 74
Bicycles and Motorcars 10 42
Paper and Publishing 14 31
Railways 35 35
Chemicals 37 62
Electricity Supply 20 33
All Sample 278 450
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Table 2.2. Summary Statitistcs 1895 and 1900 sample

1895 Sample

Variable Observations Mean St. Deviation Min Max
Growth of the Firm 278 0.267 0.4746 -0.7 2.399
Year of Registration 276 1879 14.09 1832 1895
Total Value of the Assets 278 3,264 13,079 5.537 111201
Bank proximity index 257 0.0147 0.0185 0 0.11002
Number of Branches 257 62.63 58.58 1 175
Amount of Deposits 249 13532.75 11971.33 678.468 42473
Titled Directors 276 1.199 1.728 0 11

1900 Sample

Variable Observations Mean St. Deviation Min Max
Growth of the Firm 450 0.084 0.31 -0.83 2.11
Year of Registration 442 1887 13.85 1832 1900
Total Value of the Assets 450 2323 11158 6.03 116582.7
Bank proximity index 418 0.019 0.023 0 0.139
Number of Branches 418 97.83 63.37 1 182
Amount of Deposits 412 20667 14100 633 42,286
Titled Directors 450 1.08 1.67 0 13



95

Table 2.3. Companies’ Growth Rates by Sector

1895 Sample

Mean S.D. Min Max
Brewing 0.4 0.327 -0.004 1.189
Tobacco 0.017 0.2147 -0.406 0.294
Textile, Clothing and Leather 0.090 0.275 0.316 1.207
Coal, Iron, Clay and Stone Mines 0.246 0.476 -0.254 2.394
Iron, Steel and other Metal manufacturers 0.311 0.588 -0.544 1.795
General and Electric Engineering 0.266 0.472 -0.691 2.213
Bicycles and Motorcars 0.206 0.384 -0.422 0.745
Paper and Publishing 0.054 0.201 -0.388 0.395
Railways 0.108 0.212 -0.300 1.020
Chemicals 0.208 0.396 -0.536 1.724
Electricity Supply 1.040 0.649 0.183 2.4

1900 Sample

Mean S.D. Min Max
Brewing 0.037 0.122 -247 0.28
Tobacco -0.445 0.201 -0.443 0.215
Textile, Clothing and Leather 0.140 0.120 -0.240 0.448
Coal, Iron, Clay and Stone Mines 0.063 0.322 -0.435 1.486
Iron, Steel and other Metal manufacturers 0.012 0.170 -0.221 0.610
General and Electric Engineering 0.125 0.428 -0.703 2.110
Bicycles and Motorcars 0.010 0.384 -0.830 1.690
Paper and Publishing 0.035 0.091 -0.277 0.214
Railways 0.087 0.122 -0.006 0.633
Chemicals 0.062 0.192 -0.360 0.846
Electricity Supply 0.484 0.495 -0.716 1.77
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Table 2.4. Employment Growth by Industry, 1881-1891

Nail Manufacture 0.53 Clay 1.24

Ironstone Miner 0.58 Bolt, Nut, Rivet, Screw, Staple maker 1.24

Manure Manufacture 0.78 Anchor, Chain, Manufacture 1.27

Button Maker 0.79 Carpet and Rug Manufacturer 1.28

Agricultural Machines and Implement Makers 0.80 Sum Coal and Iron 1.30

Silk 0.87 Engineers and Machine Makes 1.30

Brick and Tile 0.89 Stone Quarries 1.31

Slate Quarrier 0.93 Spinning and Weaving Machine Maker 1.31

Tallow Chandler, Candles, Oil 0.94 Brass, Bronze 1.31

Millwright 0.95 Publisher, Bookseller, Librarian 1.31

Bleacher, Printer, Dyer 0.95 Ironmonger, Harware Dealer, Merchants 1.34

Lead 0.99 Shipbuilding 1.34

Salt Maker/Dealer 1.00 Railway 1.35

Other Iron and Steel 1.01 Plaster, Cement Manufacturer 1.35

Tanner Fellmonger 1.02 Coal Miner 1.36

Wool Cloth Manufacture 1.07 Boiler Maker 1.36

Brewer 1.08 Indiarubber, Waterproof 1.37

Cotton, Cotton Good Manufacture 1.08 Floor Cloth, Oil Cloth 1.38

Wool 1.08 Printer 1.40

Paper Manufacture 1.10 Stationer 1.44

Worsted, Stuff Manufacture 1.10 Tobacco Manufacturer 1.47

Clothing 1.12 Manufacturing Chemist 1.50

Shoe, Boot maker 1.12 Mineral Water 1.53

Balcksmith, Whitesmith 1.15 Zinc, Zinc goods 1.61

Arms 1.17 Soap Boiler Maker 1.61

Copper 1.18 Hemp, Jute 1.70

Chemist Druggist 1.19 Newspaper agent, news room keeper 1.80

Coach, Carriage maker 1.21 Paper Bags, Paper Box Makers 1.91

Wire Maker 1.21 Gunpowder, Guncotton, Explosive 1.96

Leather Goods 1.21 Dye Paint, Manufacturer 2.16

Glue, Size, Gelatine, Isinglass 1.22 Mineral Oil Workers 2.56

Tin, Tin Plate, Tin Good Manufacture 1.23 Electrical Apparatus Makers 5.16

Bicycle, Tricycle -Maker, Dealer 10.75
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Table 2.5. Capital Labor Ratio by Sector at 1890

Apparel 0.74
Tobacco 0.78
Coal Mining 0.83
Lumber and Wood 0.98
Other non metals 0.98
Stone, Clay and Glass 0.98
Furniture 1.15
Leather 1.16
Printing 1.37
Miscellaneous 1.42
Textile 1.48
Instruments 1.56
Mining: Petroleum 1.59
Machinery 1.67
Transportation Equipment 1.71
Rubber 1.90
Fabricated Metal 1.93
Paper 1.96
Primary Metals 2.32
Chemical 3.07
Mining: Total Metals 5.18
Railways 7.34
Electricity Supply 9.53
Petroleum Refining 11.02
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Table 2.6. Bank Proximity Index by Sector

1895 Sample

Mean S.D. Min Max
Brewing 0.021 0.020 0.000 0.059
Tobacco 0.006 0.007 0.002 0.013
Textile, Clothing and Leather 0.012 0.166 0.000 0.684
Coal, Iron, Clay and Stone Mines 0.015 0.014 0.000 0.058
Iron, Steel and other Metal manufacturers 0.014 0.021 0.000 0.068
General and Electric Engineering 0.013 0.020 0.000 0.065
Bicycles and Motorcars 0.021 0.027 0.000 0.068
Paper and Publishing 0.020 0.033 0.000 0.110
Railways 0.015 0.017 0.000 0.052
Chemicals 0.013 0.016 0.000 0.065
Electricity Supply 0.013 0.013 0.000 0.410

1900 Sample

Mean S.D. Min Max
Brewing 0.021 0.021 0.000 0.068
Tobacco 0.013 0.010 0.002 0.026
Textile, Clothing and Leather 0.017 0.018 0.000 0.081
Coal, Iron, Clay and Stone Mines 0.018 0.018 0.000 0.075
Iron, Steel and other Metal manufacturers 0.023 0.027 0.000 0.081
General and Electric Engineering 0.017 0.021 0.000 0.081
Bicycles and Motorcars 0.048 0.033 0.000 0.138
Paper and Publishing 0.014 0.020 0.000 0.081
Railways 0.017 0.023 0.000 0.110
Chemicals 0.015 0.016 0.000 0.081
Electricity Supply 0.014 0.018 0.000 0.068
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Table 2.7. Number of Interlocking Directoriships by Sector

1895 Sample

Mean S.D. Min Max
Brewing 4.46 6.32 0 20
Tobacco 2 1.73 1 4
Textile, Clothing and Leather 3 3.58 0 13
Coal, Iron, Clay and Stone Mines 7.82 5.19 0 18
Iron, Steel and other Metal manufacturers 3.8 2.98 0 11
General and Electric Engineering 9.75 6.85 0 26
Bicycles and Motorcars 4.67 3.42 0 10
Paper and Publishing 2.92 3.4 0 12
Railways 22.28 13.83 0 56
Chemicals 5.83 8.13 0 36
Electricity Supply 9.75 6.85 0 26

1900 Sample

Mean S.D. Min Max
Brewing 5.05 5.82 0 21
Tobacco 4.57 5.22 0 15
Textile, Clothing and Leather 3.147 4.449 0 22
Coal, Iron, Clay and Stone Mines 7.41 5.96 0 19
Iron, Steel and other Metal manufacturers 5.85 4.71 0 19
General and Electric Engineering 7.72 7.16 0 34
Bicycles and Motorcars 4.75 3.95 0 14
Paper and Publishing 2.72 2.76 0 9
Railways 19.27 14.03 0 60
Chemicals 0.786 1.05 0 22
Electricity Supply 10.913 5.643 1 22
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Table 2.8. Number of Interlocking Directoriships by Sector

1895 Sample

Mean S.D. Min Max
Brewing 0.267 0.456 0 1
Tobacco 0.333 0.577 0 1
Textile, Clothing and Leather 0.815 1.291 0 5
Coal, Iron, Clay and Stone Mines 0.889 1.165 0 4
Iron, Steel and other Metal manufacturers 0.714 1.05 0 4
General and Electric Engineering 0.714 1.05 0 4
Bicycles and Motorcars 0.9 1.37 0 4
Paper and Publishing 0.428 0.851 0 2
Railways 2.97 3.139 0 11
Chemicals 1.222 1.375 0 5
Electricity Supply 1.5 1.395 0 6

1900 Sample

Mean S.D. Min Max
Brewing 0.6 0.94 0 3
Tobacco 0.111 0.333 0 1
Textile, Clothing and Leather 0.014 0.120 0 5
Coal, Iron, Clay and Stone Mines 1.020 1.180 0 4
Iron, Steel and other Metal manufacturers 0.800 1.270 0 4
General and Electric Engineering 0.913 1.067 0 3
Bicycles and Motorcars 0.769 0.958 0 3
Paper and Publishing 0.580 0.764 0 3
Railways 3.910 3.420 0 13
Chemicals 0.822 1.080 0 4
Electricity Supply 1.466 1.613 0 6
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Table 2.9. Dividends Payout Ratios in Various Sectors, 1895-1900

Dividends Payout Ratios 1895 Dividends Payout Ratios 1900

Electricity Supply 0.72 Brewing 0.81

Railways 0.91 Tobacco 1.78

Textile, Clothing and Leather 1.19

Coal, Iron, Clay and Stone Mines 0.69

Iron, Steel and other Metal 0.9

General and Electric Engineering 0.75

Bicycles and Motorcars 0.69

Paper and Publishing 0.99

Railways 1.18

Chemicals 0.75

Electricity Supply 0.73

All Sample 0.87
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Table 2.10. Percent of Years with Positive Dividends, 1896-1900

Firms living for 5 years Firms living for at least 3 years

Brewing 0.95 0.95

Tobacco 1 1

Textile, Clothing and Leather 0.91 0.88

Coal, Iron, Clay and Stone Mines 0.72 0.72

Iron, Steel and other Metal manufacturers 0.75 0.78

General and Electric Engineering 0.8 0.79

Bicycles and Motorcars 0.76 0.69

Paper and Publishing 0.86 0.86

Railways 0.64 0.64

Chemicals 0.69 0.77

Electricity Supply 0.91 0.9

All Sample 0.78 0.79

(Source: Stock Exchange Official Intelligence)
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Table 2.11. Results from the Basic Test - Bank Proximity, 1895-1900

Branches Deposits Branches/Selection Deposits/Selection

1 2 3 4

Year of Registration -0.001 -0.001 -0.001 -0.001

(0.002) (0.002) (0.002) (0.002)

Bank Proximity -1.286 -0.916 -1.458 -0.965

(1.554) (1.662) (1.532) (1.622)

Number of Branches 0.0003 0.0004

(0.0007) (0.0006)

Bank Deposits 0.004 0.004

(0.003) (0.003)

Bank Proximity * Second Revolution 8.084*** 6.306** 7.901*** 6.082**

(3.049) (3.147) (3.010) (3.047)

Number of Branches * Second Revolution -0.002** -0.002**

(0.001) (0.001)

Bank Deposits * Second Revolution -0.01* -0.09*

(0.005) (0.005)

Banking Competition * Second Revolution 3.47*** 3.832*** 3.652*** 3.818***

(1.22) (1.23) (1.218) (1.23)

Selection Correction Term -0.149 0.181

(0.270) (0.177)

R-Squared 0.31 0.32 0.34 0.34

Observations 251 245 251 245
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Table 2.12. Results from the Basic Test - Titled Directors and In-
terlocking Directoriships, 1895-1900

Titled Directors Interlocking

Basic Specification Selection Basic Specification Selection

1 2 3 4

Year of Registration 0.0001 0.0001 -0.0005 -0.0006

(0.002) (0.002) (0.002) (0.002)

Titled Directors -0.069 -0.080*

(0.043) (0.047)

Interlocking Directorships -0.050 -0.05

(0.032) (0.032)

Titled Directors*Second Revolution 0.192** 0.187**

(0.094) (0.095)

Interolcking*Second Revolution 0.070* 0.069*

(0.041) (0.042)

Correction Term -0.639 0.044

(0.467) (0.101)

R-Squared 0.29 0.29 0.28 0.28

Observations 273 273 273 273
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Table 2.13. Results from the Basic Test - Bank Proximity, 1900-1904

Branches Deposits Branches/Selection Deposits/Selection

1 2 3 4

Year of Registration 0.003*** 0.002** 0.003*** 0.002**

(0.001) (0.001) (0.001) (0.001)

Bank Proximity -0.158 -0.382 -0.075 -0.274

(0.747) (0.719) (0.744) (0.719)

Number of Branches -0.0003 -0.0003

(0.0002) (0.0002)

Bank Deposits -0.001* -0.001*

(0.0008) (0.0008)

Bank Proximity * Second Revolution 3.110** 3.089** 2.964** 2.936**

(1.531) (1.489) (1.481) (1.439)

Number of Branches * Second Revolution -0.0004 -0.0004

(0.0004) (0.0004)

Bank Deposits * Second Revolution -0.0001 0.0003

(0.001) (0.002)

Banking Competition * Second Revolution 0.234 -0.051 0.160 -0.142

(0.276) (0.261) (0.291) (0.273)

Selection Correction Term -0.146 -0.188*

(0.107) (0.111)

R-Squared 0.26 0.25 0.26 0.25

Observations 401 394 401 394
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Table 2.14. Results from the Basic Test - Titled Directors and In-
terlocking Directoriships, 1900-1904

Titled Directors Interlocking Directorships

Basic Specification Selection Basic Specification Selection

1 2 3 4

0.003*** 0.003*** 0.003*** 0.003***

Year of Registration (0.001) (0.001) (0.001) (0.001)

Titled Directors -0.016 -0.011

(0.021) (0.022)

Interlocking -0.003 -0.002

(0.013) (0.014)

Titled Directors*Second Revolution 0.085** 0.086**

(0.042) (0.043)

Interolcking *Second Revolution 0.024 0.023

(0.019) (0.019)

Correction Term 0.399 -0.014

(0.269) (0.026)

R-Squared 0.21 0.22 0.20 0.20

Observations 430 430 419 419
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Table 2.15. Bank Proximity: Multinomial Logit Analysis - Marginal Effects

1895 1900

33th - 66th 66th- 100th 33th - 66th 66th- 100th

Iron, Steel and other Metals 0.208 -0.232 -0.028 0.125

(0.144) (0.173) (0.131) (0.119)

Textile and Clothing 0.295** -0.242* 0.144 0.073

(0.135) (0.131) (0.109) (0.099)

Brewing and Tobacco 0.052 0.067 0.040 0.147

(0.152) (0.189) (0.133) (0.127)

Paper 0.128 0.189 0.007 0.003

(0.157) (0.176) (0.126) (0.131)

General and Electrical Engineering 0.014 -0.146 -0.073 0.047

(0.132) (0.129) (0.112) (0.109)

Cycles -0.154 -0.155 0.225* 0.252

(0.271) (0.180) (0.156) (0.191)

Chemical 0.115 -0.069 -0.006 0.091

(0.125) (0.129) (0.107) (0.099)

Electricity Supply 0.035 0.257 -0.004 0.182

(0.158) (0.197) (0.149) (0.167)

Railways 0.126 0.095 -0.160 0.102

(0.157) (0.137) (0.155) (0.130)

London and nearby counties 4.015 -2.443 0.224 -0.568***

(5.594) (2.620) (0.158) (0.152)

South Western Counties 3.892 -1.389 0.015 -0.081

(5.643) (2.444) (0.205) (0.190)

Western Counties and Wales 3.754 -1.951 0.025 0.113

(5.66) (2.574) (0.167) (0.147)

Warwickshire 3.808 -1.389 -0.502* 0.671***

(5.656) (2.444) (0.300) (0.226)

Northern Counties 3.766 -1.936 0.021 -0.050

(5.649) (2.573) (0.153) (0.139)

Scotland 3.730 -1.617 -0.038 0.250*

(5.660) (2.253) (0.182) (0.155)

Year of Registration 0.002 0.001 -0.002 0.003

(0.003) (0.002) (0.002) (0.002)

Administration Board Size -0.017 -0.006 0.001 -0.0001

(0.012) (0.015) (0.006) (0.0005)

Pseudo R-squared 0.19 0.24

Obs. 251 401
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Table 2.16. Titled Directors: Probit Analysis-Marginal Effects

1895 1900

Iron, Steel and other Metals -0.117 -0.160

(0.141) (0.114)

Textile and Clothing -0.228* -0.182*

(0.117) (0.099)

Tobacco and Brewing -0.281* -0.288**

(0.137) (0.128)

Paper -0.364** -0.059

(0.121) (0.111)

General and Electrical Engineering -0.007 0.131

(0.117) (0.084)

Cycles -0.044 0.004

(0.216) (0.084)

Chemical -0.087 -0.054

(0.131) (0.093)

Electricity Supply 0.105 0.131

(0.156) (0.084)

Railways 0.116 0.034

(0.142) (0.134)

Registration Year 0.004 -0.005**

(0.003) (0.002)

Assets at the beginning of the period 0.0003 0.0001***

(0.0004) (0.00002)

Number of Members in the Administration Board 0.075*** -0.007

(0.016) (0.006)

Pseudo R-squared 0.13 0.11

Obs. 273 430
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Table 2.17. Interlocking Directoriships: Multinomial Logit Analysis-
Marginal Effects

1895 1900

33th - 66th 66th- 100th 33th - 66th 66th- 100th

Iron, Steel and other Metals 0.324* -0.391** 0.152 -0.037

(0.180) (0.192) (0.654) (0.656)

Textile and Clothing 0.193 -0.313** -1.025* -1.647***

(0.148) (0.167) (0.531) (0.571)

Brewing and Tobacco 0.234 -0.316* -0.766 -1.14*

(0.173) (0.189) (0.639) (0.685)

Paper 0.281 -0.356 -0.298 -1.838**

(0.205) (0.222) (0.591) (0.784)

General and Electrical Engineering 0.064 -0.060 -0.025 0.286

(0.113) (0.118) (0.559) (0.536)

Cycles 0.191 -0.231 0.034 -0.208

(0.198) (0.212) (0.629) (0.640)

Chemical 0.178 -0.243 -1.683*** -1.354**

(0.145) (0.155) (0.554) (0.535)

Electricity Supply -0.037 0.135 0.836 2.724**

(0.152) (0.158) (1.216) (1.124)

Railways -0.097 0.170 -0.176 -0.025

(0.178) (0.177) (0.960) (0.922)

Registration Year 0.002 -0.003 -0.027* -0.038***

(0.003) (0.004) (0.015) (0.015)

Assets at the beginning of the period -0.002 0.006 0.0001 0.0003*

(0.004) (0.004) (0.002) (0.0002)

Administration Board Members -0.011 0.017 0.023 -0.014

(0.020) (0.021) (0.038) (0.031)

Pseudo R-squared 0.17 0.14

Obs. 271 419
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Table 2.18. Employment Growth as Technology Score, 1895-1900

Bank Prozimity Titled Directors Interlocking

Branches Deposits B. Specification B. Specification

1 2 3 4

Year of Registration -0.002 -0.002 -0.0003 -0.0006

(0.002) (0.002) (0.002) (0.002)

Bank Proximity -12.375** -12.24**

(5.936) (7.266)

Number of Branches 0.001

(0.001)

Bank Deposits 0.010

(0.006)

Titled Directors -0.151

(0.125)

Interlocking -0.054

(0.051)

Bank Proximity * Employment Growth 11.686* 11.231*

(7.088) (7.266)

Number of Branches* Employment Growth -0.002

(0.0014)

Bank Deposits* Employment Growth -0.011*

(0.007)

Banking Competition*Employment Growth 1.961** 2.01***

(0.779) (0.769)

Titled Directors*Employment Growth 0.146

(0.135)

Interlocking*Employment Growth 0.032

(0.049)

R-Squared 0.33 0.33 0.28 0.28

Observations 251 245 273 273
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Table 2.19. Employment Growth as Technology Score, 1900-1904

Bank Proximity Titled Directors Interlocking

Branches Deposits B. Specification B. Specification

1 2 3 4

Year of Registration 0.003*** 0.003*** 0.003*** 0.003***

(0.0008) (0.0008) (0.0008) (0.0008)

Bank Proximity -1.649 -1.771

(1.256) (1.211)

Number of Branches 0.0005

(0.0006)

Bank Deposits 0.002

(0.002)

Titled Directors -0.122*

(0.062)

Interlocking 0.026

(0.030)

Bank Proximity * Employment Growth 2.261* 2.223*

(1.354) (1.348)

Number of Branches* Employment Growth -0.001

(0.001)

Bank Deposits* Employment Growth 0.002

(0.002)

Banking Competition*Employment Growth 0.107 -0.100

(0.181) (0.193)

Titled Directors*Employment Growth 0.135**

(0.067)

Interlocking*Employment Growth -0.021

(0.030)

R-Squared 0.26 0.25 0.23 0.21

Observations 397 390 426 426
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Table 2.20. Capital Labor Ratio as Technology Score, 1895-1900

Bank Proximity Titled Directors Interlocking

Branches Deposits B. Specification B. Specification

1 2 3 4

Year of Registration -0.001 -0.001 -0.0007 -0.0006

(0.002) (0.002) (0.002) (0.002)

Bank Proximity -0.158 0.397

(2.102) (2.385)

Number of Branches 0.0005

(0.001)

Bank Deposits 0.005

(0.004)

Titled Directors 0.051

(0.076)

Interlocking -0.066

(0.041)

Bank Proximity * Capital Labor Ratio -0.605 -0.801

(0.615) (0.670)

Number of Branches* Capital Labor Ratio -0.0002

(0.0002)

Bank Deposits* Capital Labor Ratio -0.001

(0.0007)

Banking Competition*Capital Labor Ratio 0.407* 0.431*

(0.219) (0.227)

Titled Directors*Capital Labor Ratio -0.01

(0.014)

Interlocking*Capital Labor Ratio 0.017*

(0.009)

R-Squared 0.26 0.26 0.24 0.29

Observations 251 245 272 272
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Table 2.21. Capital Labor Ratio as Technology Score, 1900-1904

Bank Proximity Titled Directors Interlocking

Branches Deposits B. Specification B. Specification

1 2 3 4

Year of Registration 0.003*** 0.003*** 0.003*** 0.003***

(0.001) (0.001) (0.001) (0.001)

Bank Proximity -1.523 -1.389

(1.695) (1.498)

Number of Branches -0.0004

(0.0003)

Bank Deposits -0.002*

(0.001)

Titled Directors 0.023

(0.035)

Interlocking Directorships 0.016

(0.016)

Bank Proximity * Capital Labor Ratio 0.698 0.703

(0.516) (0.485)

Number of Branches* Capital Labor Ratio 0.0001

(0.001)

Bank Deposits* Capital Labor Ratio 0.0004

(0.0004)

Banking Competition*Capital Labor Ratio -0.090 -0.094

(0.077) (0.067)

Titled Directors*Capital Labor Ratio 0.0001

(0.01)

Interlocking*Capital Labor Ratio 0.003

(0.005)

R-Squared 0.25 0.25 0.2 0.2

Observations 401 394 430 419
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Table 2.22. Empirical Results without considering Electricity Supply

1895 Sample 1900 Sample

1 2

Year of Registration -0.0006 0.003
(0.002) (0.001)

Titled Directors -0.008 -0.007
(0.029) (0.008)

Titled Directors*Second Industrial Revolution 0.090* 0.048*
(0.054) (0.025)

R-Squared 0.125 0.06

Observations 184 411
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Table 2.23. Sample Split on the Median Year of Registration: Reg-
istration before 1891

Bank Proximity Titled Directors Interlocking

Branches Deposits B. Specification B. Specification

1 2 3 4

Year of Registration 0.001 0.001 0.001 0.001

(0.001) (0.001) (0.001) (0.001)

Bank Proximity -0.014 -0.134

(0.872) (0.863)

Number of Branches -0.0008

(0.003)

Bank Deposits -0.001

(0.001)

Titled Directors -0.023

(0.028)

Interlocking Directorships 0.007

(0.02)

Bank Proximity * Second Revolution 6.409 6.290

(4.139) (4.171)

Number of Branches * Second Revolution -0.001*

(0.0006)

Bank Depostis * Second Revolution -0.002

(0.002)

Banking Competition*Second Revolution 0.391 -0.020

(0.370) (0.366)

Titled Directors*Second Revolution 0.098

(0.049)

Interlocking Directorships* Second Revolution 0.005

(0.03)

R-Squared 0.21 0.20 0.15 0.14

Observations 202 195 218 211



116

Table 2.24. Sample Split on the Median Year of Registration: Reg-
istration after 1891

Bank Proximity Titled Directors Interlocking

Branches Deposits B. Specification B. Specification

1 2 3 4

Year of Registration 0.001 0.001 0.001 0.0006

(0.001) (0.001) (0.008) (0.008)

Bank Proximity 0.110 -0.107

(1.820) (1.738)

Number of Branches -0.0001

(0.0005)

Bank Deposits -0.002

(0.001)

Titled Directors -0.005

(0.034)

Interlocking Directorships -0.021

(0.022)

Bank Proximity * Second Revolution 0.819 0.692

(1.674) (1.627)

Number of Branches * Second Revolution -0.0001

(0.0005)

Bank Depostis * Second Revolution 0.001

(0.002)

Banking Competition*Second Revolution 0.595 0.448

(0.475) (0.443)

Titled Directors*Second Revolution 0.117*

(0.068)

Interlocking Directorships* Second Revolution 0.057*

(0.030)

R-Squared 0.36 0.36 0.30 0.29

Observations 199 199 212 208
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Table 2.25. Interaction on Electricity Supply

Bank Proximity
1 2

Year of Registration 0.003*** 0.003***
(0.0008) (0.0009)

Bank Proximity 0.081 -0.15
(0.811) (0.804)

Number of Branches -0.0004**
(0.0001)

Bank Deposits -0.001*
(0.0007)

Bank Proximity * Electricity 11.504** 11.320**
(5.274) (5.440)

Number of Branches * Electricity -0.0003 0.001
(0.001) (0.005)

Bank Depostis * Electricity

Banking Competition * Electricity -0.014 -0.24
(0.735) (0.726)

R-Squared 0.27 0.26

Observations 401 394



CHAPTER 3

The Best Monetary Policy in a Sudden Stop

3.1. Introduction

The Asian financial crises of 1997-98 triggered a sharp debate over the appro-

priate response of policy to a financial crisis. The hallmark of the crises was a

“sudden stop” (Calvo, 1998): capital inflows turned into outflows and output sud-

denly collapsed. Some argued, appealing to the traditional monetary transmission

mechanism, that a cut in the interest rate was required to slow or reverse the drop

in output. Others argued that because of currency mismatches in balance sheets,

the exchange rate depreciation associated with a cut in interest rates might exacer-

bate the crisis. They argued for an increase in interest rates. Interestingly, a look

at the data indicates that both pieces of advice were followed in practice.Figure

3.1 shows what happened to short term interest rates in each of four Asian crisis

countries. Initially they rose sharply. Within six months or so, the policy was

reversed and interest rates were ultimately driven to below their pre-crisis levels.

A casual observer might infer that policy was simply erratic, with policymakers

trying out different advice at different times.

In this paper, we argue that the observed policy may have served a single

coherent purpose. We describe a model in which the optimal response to a financial

118
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crisis is an initial sharp rise in the interest rate, followed by a fall to below pre-crisis

levels.

In our model, because of the presence of real frictions, resources are slow to

respond in the immediate aftermath of a shock. Over time, resource allocation

becomes more flexible.1 We characterize a financial crisis as a shock in which

collateral constraints unexpectedly bind and are expected to remain in place per-

manently. Our model has the property that when there is a binding collateral

constraint and real frictions hinder resource allocation, then the monetary trans-

mission mechanism is the reverse of what it would otherwise be. In particular, a

rise in the interest rate increases economic activity and utility. Over time, as the

real frictions wear off, the monetary transmission mechanism corresponds to the

traditional one in which low interest rates stimulate output and raise welfare.

We now briefly explain the real and financial frictions in the model, and de-

scribe how they shape optimal policy after a financial shock. We adopt a small,

tradable/non-tradable goods open economy model. The real friction is that labor

in the tradeable sector is chosen prior to the realization of the current period shock.2

Thus, when the financial shock occurs, the allocation of labor to the tradeable sec-

tor cannot respond in the current period, although it can respond in subsequent

periods.

1In effect, we combine into one model, the two studied in Christiano, Gust and Roldos (2004).
In one model of that paper, labor in the traded good sector was fixed in each period. In another
model, labor was completely flexible.
2A similar friction is used by Fernandez de Cordoba and Kehoe (2001) to study the role of capital
flows following Spain’s entry to the European Community.
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We adopt two forms of financial friction.3 First, to capture the non-neutrality

of money our model incorporates the portfolio allocation friction in the limited

participation model.4 In the absence of collateral constraints, our model reproduces

the traditional monetary transmission mechanism: when the domestic monetary

authority expands the money supply, the liquidity of the banking system increases

and interest rates fall, leading to an expansion in output and a depreciation of the

exchange rate. Second, our model assumes firms make use of labor and a foreign

intermediate input, and that these must be financed in advance. The collateral

constraint that is imposed during the crisis applies to these loans.5

The surprising feature of optimal policy in our model is that the nominal inter-

est rate rises sharply in the period of the collateral shock. That this is optimal is a

3Other studies have examined the relationship between optimal interest rates and financial crises.
Aghion, Bacchetta and Banerjee (2000) present a model with multiple equilibria, in which a
currency crisis is the bad equilibrium. The possibility of the bad equilibrium is due to the interplay
between the credit constraints on private firms and the existence of nominal price rigidities. The
authors show that the monetary authority should tighten monetary policy after any shock that
results in the possibility of the currency crisis equilibrium. Our analysis differs from this analysis
in three ways. First, equilibrium multiplicity does not play a role in our analysis. Second, our
model emphasizes a different set of rigidities. Third, Aghion, Bacchetta and Banerjee focus on the
prevention of crises, while we focus on their management after they occur. Similarly, Caballero
and Krishnamurthy (2002) show that when the economy faces a binding international collateral
constraint, a monetary expansion that would redistribute funds from consumers to distressed
firms has no real effects. Given this lack of effectiveness, a monetary authority that trades-off
output and an inflation target focuses on the latter and tightens monetary policy to achieve the
inflation objective.
4For closed economy analyses of this model, see Lucas 1990, Fuerst 1992, Christiano 1991, Chris-
tiano and Eichenbaum, 1992, 1995. For open economy applications, see Schlagenhauf and Wrase
and Grilli-Roubini (?)
5For other papers that study the role of credit constraints in the context of the Asian crisis, see
Krugman (1999), Aghion, Bacchetta and Banerjee (2000), Caballero and Krishnamurthy (2000,
2002), Cespedes, Chang and Velasco (2000), Mendoza and Smith (2002), and the references
therein.
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consequence of the interaction of the financial and real frictions. When the interest

rate is increased, this acts like a tax on the employment of labor in the nontraded

good sector, and raises the marginal cost of production in that sector. Because the

employment of labor by firms in the traded sector is predetermined in the period of

the shock, the interest rate rise does not increase the marginal cost of production

in that sector. With the marginal cost of non-traded goods rising relative to the

marginal cost of traded goods, the relative price of nontraded goods goes up. Other

things the same, this increases the traded-good value of the physical capital stock

in the non-traded sector. Because this capital is used as collateral in the import

of intermediate goods, the collateral constraint is relaxed. This permits expanding

imports of intermediate goods and the production of tradeable goods. Because

tradeable and non-tradeable goods are complements in domestic production, this

leads to an expansion in the demand for non-tradables and an expansion in overall

economic activity. Welfare is increased by this policy, even though it has the ef-

fect of introducing a distortionary wedge in the labor market. The reason welfare

increases is that the policy has the effect of sharply reducing another wedge, one

that is associated with the collateral constraint.

The mechanism by which the higher interest rate produces higher output is

novel, and so to further highlight its workings, we construct and analyze a simple

example.6 The example represents a dramatic simplification of our dynamic model.

6There exist other examples in the literature of how financial frictions may have the consequence
that a high interest rate is desirable. For example, Kocherlakota (2002, 2003) shows that a high
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There is no money, and there is only one period. In the example, a tax rate on

labor plays the role of the interest rate in our dynamic, monetary model. We are

able to prove that whenever the collateral constraint is binding and the equilib-

rium is unique, a rise in the labor tax rate must stimulate output, consumption,

employment and welfare. This result may be of interest beyond the sudden stop

episodes that we study here. In particular, it may be useful for shedding light

on the empirical literature on the “non-Keynesian effects of fiscal policy” or “Ex-

pansionary Fiscal Consolidations”. For example, Giavazzi, Jappelli and Pagano

(1998) identify 65 episodes of large and persistent fiscal contractions in a sample

of OECD countries. During these two-year episodes — when the fiscal contrac-

tion is on average dominated by an increase in taxes - aggregate output growth

is on average greater during than before the contraction. Perotti (1999) presents

some evidence that large tax increases are more likely to stimulate the economy

interest rate may be part of a socially efficient mechanism to help individuals smooth consump-
tion intertemporally, in the face of binding borrowing constraints. In private communication,
Kocherlakota has provided us with a very simple example that illustrates the point. Consider a
two period economy, in which 1/2 the population (‘borrowers’) has a sequence of endowments,
yL in the first period and yH in the second period, where yL < yH . Suppose the other half of
the population (‘lenders’) has the opposite lifetime sequence of endownments, yH , yL. Suppose
everyone has the same utility function, u(c1) + u (c2) , where u is strictly concave and c1 and c2
are periods 1 and 2 consumption, respectively. Suppose also that borrowing is not permitted.
Then the unique equilibrium is that everyone consumes their endowment. The borrowers are
forced to do so by the non-negativity constraint on private bonds, and the lenders are prevented
from lending by a very low interest rate, R = u0(yH)/u0

¡
yL
¢
. An optimal policy is for the gov-

ernment to issue bonds in the first period, and redistribute the proceeds to everyone (suppose
the government cannot see who is constrained and who is not) in lump sum form. In the second
period, the government taxes everyone in order to pay back the bonds. This policy in effect
allows borrowers and lenders to exchange amongst themselves. A side effect of this policy is that
the interest rate is lower. Although this example has some of the flavor of our analysis (optimal
policy under binding financial constraints is associated with a high interest rate), in its details it
is very different.
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when levels of debt are high. Based on this, he argues that a model is required in

which the response of the economy to tax changes changes depends on the initial

conditions, such as the level of debt. Our model is very much in this spirit.

We now briefly discuss the interaction of monetary policy and sudden stop in

our model. The sudden stop is triggered by a tightening of collateral constraints.

The effect of the collateral shock is to increase the shadow cost of foreign borrowing,

since international debt limits - via the collateral constraint - the ability of firms to

purchase foreign intermediate inputs. As a result, imports of intermediate inputs

drop and, because they are crucial for domestic production, the latter falls. In

addition, the sharp rise in the shadow cost of debt induces agents to pay down

that debt by running a current account surplus. This process continues until the

debt falls to the point where the collateral constraint is marginally non-binding,

and now the economy is in a new steady state. Monetary policy has no impact on

the presence of the collateral constraint, nor does it have an important impact on

real variables in the new steady state. Monetary policy affects real variables and

welfare primarily by its impact on the nature of the transition from the old to the

new steady state. As discussed above, optimal monetary policy initially raises the

domestic interest rate sharply and cuts it thereafter. That optimal policy cuts the

interest rate eventually is no surprise. Eventually, the collateral constraint ceases

to bind and resources are allocated flexibly. At this point, a Friedman deflation is

optimal. As discussed above, in the period of the shock it is optimal to sharply
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raise the interest rate. This has the effect of resisting (not reversing) the fall in

output, employment, consumption, and real and nominal exchange rates.

We compare the dynamic behavior of the variables in the model with data

drawn from the Asian crisis economies. Qualitatively, the model reproduces the

behavior of data for these economies reasonably well. In particular, the model

reproduces the observed transitory rise in the current account, and fall of real

quantities such as employment, consumption and output. The model also cap-

tures the evolution of asset prices, the real and nominal exchange rate and the

behavior of the interest rate. Taken together, this evidence suggests that our

model may provide a useful interpretation of the apparently erratic behavior of

monetary policy exhibited in Figure 3.1.

The model does have quantitative empirical shortcomings. Although it cap-

tures the direction of movement in the current account, it understates the magni-

tude. We suspect that this reflects the absence of physical investment in the model.

A reduction in investment provides agents with another margin from which to draw

resources that can be used to pay off the international debt. The presence of in-

vestment may also help the model with persistence, which is another dimension

on which there is some weakness. Finally, although the inflation response of the

model to the financial shock matches qualitatively, it misses on magnitude.

The paper is organized as follows. First, we provide empirical evidence to sup-

port the main assumptions of the model. In particular, we show that collateral

constraints were increased during the Asian financial crisis. We also show that
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imported intermediate inputs are a large fraction of imports, and that they fell

sharply during the crisis. Second, we present the simplified example discussed

above. The third section presents our dynamic, monetary model. Section 4 dis-

cusses model calibration and section 5 present our simulation results. Second 6

concludes.

3.2. Collateral Constraints, Intermediate Inputs and Exchange Rates

We first show that the use of collateral in emerging markets is widespread, and

that collateralization increased in the wake of financial crises. Table 3.1 reports

evidence on syndicated loans to emerging markets. Up until 1996, approximately

20 percent of these loans were secured by collateral. At the onset of the financial

crises of 1997, this fraction doubled to over 40 percent. Gelos and Werner (1999)

report that around 60 percent of loans are collateralized in Mexico, while survey

evidence from the Bank of Thailand put the figure at more than 80 percent for

that country. A review of financial conditions of the Asian crises countries (IMF

1999) notes that lending against collateral was a widespread practice also in these

countries. Finally, Edison, Luangaram and Miller (2000) report that Thai banks

that used to lend up to 70-80 percent of the value of pledged collateral before the

crisis, moved to lend up to just 50-60 percent after the crisis.

In our reduced form crisis model, the tightening of the collateral constraint

forces a cutback in imports, and this is the proximate cause of the fall in output.
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In the model, the fall in imports produces a fall in output because imports con-

stitute crucial intermediate inputs. For evidence that intermediate goods are an

important component of imports, see Tables 3.2-3.6. According to Tables 3.2-3.6,

intermediate good imports are 50 percent of total imports for Korea and 70 per-

cent of total imports for Indonesia and Malaysia. Figure 3.2 shows real GDP and

intermediate good imports and shows the close correlation between the two.

In our model, the cutback in imports leads to a fall in the production of trad-

able goods. Output in the economy falls because of limited substitutability be-

tween these goods and non-traded goods in the production of final goods. This

limited substitutability implies that the price of non-traded goods, relative to that

of traded goods should fall sharply. For evidence on this, consider the data on

exchange rates in Figure ??. Note that in each of the Asian crisis countries consid-

ered there is a dramatic depreciation in the aftermath of the crisis. The smallest

depreciation is 143 percent (Philippines) and the largest is 169 percent (Korea).

Given the relatively small movements in inflation in these countries, these move-

ments in the nominal exchange correspond closely to the movement in the real

exchange rate.

3.3. Example

A basic result in the dynamic simulations reported in later sections is that a

rise in the domestic interest rate in the period of a collateral shock places upward

pressure on employment and welfare. At first glance, this result will seem puzzling
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since the rise in the interest rate effectively raises the tax rate on labor. Partial

equilibrium reasoning suggests such a distortion should lead to a decrease in em-

ployment and welfare, not an increase. In our model, these partial equilibrium

effects are overwhelmed by a general equilibrium effect that relaxes the collateral

constraint. In this section we present a simplified version of our dynamic model,

which allows us to show how these effects work. In the simplified example, there

is no money and there is only one period.

The first subsection below displays the model. The second subsection derives

the model’s qualitative properties. Here, we state our proposition and provide a

heuristic proof (details are provided in Appendix B). The third subsection provides

a numerical example.

3.3.1. Model

A final good sector produces a non-traded consumption good, c, for domestic

households, whose utility is as follows:

(3.3.1) u(c, L) = c− ψ0
1 + ψ

L1+ψ,

where L denotes is labor. The household’s budget constraint is:

(3.3.2) pc ≤ wL+ π + T,
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where p is the price of consumption, w is the wage rate, π denotes lump-sum

profits and T denotes a lump-sum transfer payment from the government. All the

quantities in (3.3.2) are measured in units of the traded good.

The consumption good is produced using intermediate goods, of which there

are two types. One is a tradeable good and the other is non-traded. Each of

these intermediate goods is essential in the production of the final good. The final

good is producproduction function is Leontieff in terms of traded and intermediate

goods:

(3.3.3) c = min
©
(1− γ)cT , γcN

ª
.

This is the same production function that we use in the dynamic model economy.

The one period in our example model is the analog of period 0 in our dynamic

model. In that model, the economy is in a steady state before period 0, and then

in period 0 a collateral constraint suddenly and unexpectedly becomes binding.

Since employment in the traded good sector is chosen by firms at the beginning of

the period, in period 0 employment is predetermined at the time of the collateral

shock. In the example, we capture the predeteminateness of employment by the

assumption that labor is not used in the traded good sector at all. The only

input in the production of traded goods is an imported intermediate good, z.

This good must be financed at the beginning of the period by foreign borrowing,

which is subject to a collateral constraint. The imported intermediate good, z,
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is essential to the overall economy, because of the Leontieff assumption, (3.3.3).

The production function in our traded good sector is the same as in our dynamic

economy. That function is a Cobb-Douglas function of capital and labor, and does

not involve the use of imported intermediate inputs. The capital in the non-traded

sector is the only object in our model economy that can be used to satisfy the

collateral constraint. The production functions in the traded and non-traded good

sectors are:

(3.3.4) yT = Azθ, yN = KαL1−α,

respectively. In (3.3.4), yT and yN denote output in the traded and non-traded

sectors, respectively. Also, A > 0, α, θ ∈ (0, 1) are constants and K is the stock of

capital used in the non-traded sector.

Production of traded and non-traded intermediate goods is carried out by a

single, representative, competitive firm. This assumption allows us to sidestep

a potential complication, arising from the fact that the available collateral - the

capital in the non-traded sector - is not located in the place where the collateral is

needed for borrowing - in the traded good sector. By locating all production in a

single firm, we ensure that all the economy’s collateral is held in the hands of the

agents who need it for borrowing.7 To some extent our assumption about firms

resembles actual firms in some emerging economies. For example, the Chaebols

7For an analysis of situations in which collateral is not equally distributed in the economy, see
Caballero and Krishnamurthy (1999).
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are an important part of the Korean economy, and they span the tradable and

nontrable sectors. Presumably, the assets of a given Chaebol, including capital

and land in the non-traded sector, can be used as collateral in all international

borrowing by that Chaebol. If there were a mismatch in the allocation of collateral

and borrowing needs, there would be a substantial incentive for firms to diversify

into different production activities. In effect, our model assumes that diversification

has already occured. An alternative interpretation of our assumption about firms

is that it is a stand-in for the existence of financial institutions that efficiently

distribute collateral among domestic agents.

As indicated in the previous paragraph, the representative intermediate good

firm operates the two technologies, (3.3.4), and seeks to maximize profits, which

we denote by π :

π = pNyN + yT − q(K −K0)− w(1 + τ)L−R∗z.

Here, pN denotes the price of non-traded goods, q denotes the price of physical

capital and τ denotes the labor tax rate. This tax is rebated in lump sum form

to households via T in their budget constraint. In addition, K0 is the initial

endowment of capital of the firm. It is convenient express the firm’s profits in

non-traded goods units:

(3.3.5)
π

pN
= yN +

1

pN
£
yT −R∗z

¤
− q

pN
(K −K0)−

w

pN
(1 + τ)L.
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Foreign creditors impose a borrowing constraint which stipulates that a fraction,

τN , of the value of capital, qK, must be no less than the firm’s end-of-period

international obligations:

(3.3.6) τNqK ≥ R∗z.

In the dynamic model, there is also capital in the traded good sector and this can

also be used as collateral against international borrowing. We leave that out here,

because the capital in the non-traded good sector plays a special role in our result

that a high interest rate (here captured by the high tax rate) can stimulate the

economy in the period of a collateral shock.

The timing of the intermediate good firm’s decisions are as follows. First, the

tax rate, τ , becomes known. Then, a market opens in which intermediate good

firm trades capital among themselves at the price, q. Then z, L, c, yN and yT

are determined and production occurs. Immediately after paying its wage bill, the

intermediate good firm decides whether to default on its international loans. If it

does, then the creditors can seize from the firm an amount of output equal to the

firm’s obligations. It is easy to verify that the firm’s revenues, after paying the

wage bill, are sufficient for this.8

8Implicitly, we suppose that z has no value to the intermediate good producer other than as
an input to production. For example, the producer has no incentive to abscond with z without
producing anything.
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The resource constraints in our economy are as follows:

yN = cN , yT = cT + zR∗.

The first of these expressions states that all the output of the non-traded good

sector, yN , is used as inputs in the production of non-traded goods. The second

says that the gross output of the traded good sector is divided between inputs into

the production of final goods, cT , and gross interest payments abroad for borrowing

to finance the imported intermediate good, z.

3.3.2. Qualitative Analysis

We list the seven equations that characterize seven equilibrium variables - w, p,

pN , q, L, z and the Lagrange multiplier on (3.3.6) - for our example. Consider the

representative final good producer. As long as input prices are strictly positive,

the final good producer always sets cT = [γ/(1− γ)] yN . Combining (3.3.4) and

xx(??)xx, this implies:

(3.3.7) Azθ −R∗z =
γ

1− γ
KαL1−α.

If the price of, say, cT , were zero, then the final good producer would be indifferent

between purchasing an amount of cT consistent with (3.3.7), or purchasing more.

In such a case, we suppose that the producer resolves the indifference by imposing



133

(3.3.7). Competition in final goods implies that price equals marginal cost:

(3.3.8) p =
1

1− γ
+
1

γ
pN ,

The representative intermediate good firm’s optimal choice of capital leads to

the following expression for the price of capital:

(3.3.9) q =
αpNKα−1L1−α

1− λτN
.

This is the first order necessary condition for optimization in the Lagrangian repre-

sentation of the intermediate good firm’s optimization problem, in which λ ≥ 0 is

the multiplier on (3.3.6). The labor demand choice by the intermediate good firm

leads it to equate the marginal cost, (1+ τ)w, and value marginal product of labor

in the production of non-traded goods to obtain (after making use of (3.3.8)),

(3.3.10)
1− α³

1
1−γ

1
pN
+ 1

γ

´
(1 + τ)

KαL−α =
w

p
.

Optimization in the choice of z leads to the following first order condition:

(3.3.11)
1

pN
£
θAzθ−1 −R∗(1 + λ)

¤
= 0.

Evidently, for pN < ∞, (3.3.11) corresponds to setting the expression in square

brackets to zero. However, we will also allow pN =∞ (this corresponds to a zero

price on cT ), in which case (3.3.11) does not require the numerator to be zero.
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Finally, the complementary slackness condition on λ for intermediate good firm

optimization is:

(3.3.12) λ
£
τNqK −R∗z

¤
= 0, λ ≥ 0, τNqK −R∗z ≥ 0.

Market clearing requires that prices be strictly positive:

(3.3.13) q, pN > 0.

The latter, in combination with (3.3.9) impose an upper bound on λ, λ ≤ 1/τN .

Household optimization of employment leads to the following labor supply

curve:

(3.3.14) ψoL
ψ =

w

p
.

The seven equations that characterize equilibrium are (3.3.7)-(3.3.12), (3.3.14),

together with the non-negativity constraints, (3.3.13).

In Appendix B, we establish the following proposition:

Proposition 1. If there is a unique equilibrium in which the collateral con-

straint binds, then an increase in τ leads to an increase in pN , q, z, L and welfare.

This proposition establishes that the real exchange rate, asset prices, intermedi-

ate good imports, employment and welfare rise quite generally in our model. This

is so, if the equilibrium is unique and the collateral constraint binds in equilibrium.
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There do exist parameter configurations for which there are multiple equilibria in

our model. However, we do not discuss the impact of increases in τ in these cases,

since such experiments are hard to interpret when the equilibrium is not unique.9

In the following section, we work through a numerical example which illustrates

our proposition.

The intuition for the proposition was provided in the introduction. The proof

is straightforward. For a given value of the multiplier, λ, we are able to compute

the remaining equilibrium variables in the model uniquely. We denote the values

of q and z computed in this way by q (λ; τ) and z (λ) , respectively. (The variable,

τ , is not included in the argument of z (·) because the equilibrium value of z is not

a function of τ .) With this notation, we define the following function:

f(λ; τ) ≡ τNq (λ; τ)K −R∗z (λ) .

Suppose there is a unique equilibrium, and that equilibrium has the property that

the collateral constraint is binding. We denote the value of λ in this equilibrium

by λ (τ) . This value of λ is the unique one having the property, f (λ (τ) ; τ) =

0. A key step in the proof is to show that in the neighborhood of λ = λ (τ) ,

f(λ; τ) is increasing in λ. This is shown by establishing that for λ near its upper

bound of 1/τN , q (λ; τ) → ∞. The economic motivation for this result is simple.

The benefit of a marginal unit of capital is its collateral value, λqτN , plus its

9The appendix constains some discussion of the nature of the equilibria when there is more than
one.
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marginal value product in production. When λqτN = q, then the collateral value

of capital equals its purchase price, and capital is a ‘money-pump’: a $1 purchase

of capital generates $1 in value as collateral plus the value marginal product of

capital in production. In this case, the demand for capital is infinite, and so its

market clearing price is infinite. Since z is finite as λ → 1/τN , it follows that

f(λ; τ) → ∞ as λ → 1/τN . By continuity of f, it follows that f(λ; τ) > 0 for all

λ ∈ (λ∗, 1/τN), where λ (τ) < λ∗ < 1/τN . Given continuity it then follows that

f must be increasing in λ at λ = λ (τ) . Suppose, to the contrary, that f had a

negative slope at λ (τ). In this case f would have to cross zero for some point,

λ (τ) < λ ≤ λ∗, contradicting the hypothesis that equilibrium is unique. The rest

of the proof follows from the observation that q (λ; τ) is increasing in τ for fixed

λ, while z (λ) is not a function of τ .We deduce from this observation that f (λ; τ)

shifts up with τ . From this (see figure 3.5), it follows that the intersection of f

with the zero line falls with an increase in τ . That is, λ (τ) falls with an increase

τ . The equilibrium values of z, L and c also rise, as can be verified easily from

(3.3.11), (3.3.7), (3.3.3) and (3.3.4). It is also easy to establish that equilibrium

utility rises. Details appear in Appendix B.

3.3.3. Quantitative Analysis

We illustrate the proposition in the previous subsection with a numerical example.

We report the equilibrium outcomes for our model economy for a range of values

of the labor tax rate. We adopt the following parameter values shown in Table 3.8
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We computed equilibrium allocations corresponding to τ in the range, 0.01 to

1.00. The admissible set of equilibrium values of λ belongs to the compact set,

J =
£
0, 1/τN

¤
. By considering a fine grid of λ ∈ J, we found that, for each value

of τ considered, the equilibrium is unique. The values of utility, 1/pN , q, λ, z, L

corresponding to each τ are displayed in Figure 5. Note that for τ in the range

of 0 to 0.4, λ̇ > 0. Consistent with the proposition, utility is strictly increasing in

this range. The increase in τ also raises pN , L, z and q. The latter has the effect

of relaxing the collateral constraint, which is reflected in the fall in λ. Note that

the initial value of λ is extremely high. According to (3.3.11), λ is equivalent to a

tax on the purchase of the foreign intermediate input. When τ = 0 this tax wedge

is about 175%. By increasing the labor tax rate, the shadow tax rate on foreign

borrowing is completely eliminated.

For τ in the range 0.4 < τ < 0.72, utility and employment are invariant to

additional increases in τ . This is because in this range, z is in a sense a binding

constraint on domestic production. The amount of z, which is now pinned down

by A and R∗ in (3.3.11), determines L through (3.3.7). Eventually, with additional

increases in τ , it is employment that becomes the binding constraint in production.

At this point, additional increases τ result in a reduction in L and ‘excess supply’

of cT . Although the economy can produce the cT implied by the equation in square

brackets in (3.3.11) and (??), some of this cT goes unused. On the margin, cT



138

is literally free and this is reflected in pN = ∞.10 With additional increases in τ

beyond this point, L falls and utility declines.

3.4. The Dynamic, Monetary Model

This section describes our dynamic, monetary model. The model builds on

the structure analyzed in the previous section, and so we limit explanations and

motivations to what is new here. In addition, the model is a version of the one

in Christiano, Gust and Roldos (2004), and so the presentation is brief. A key

difference between the two models is that here, labor in the traded good sector

cannot be quickly adjusted in response to a shock.

3.4.1. Households

Household preferences over consumption and leisure are the dynamic version of

the preferences in the previous section:

(4.1)
∞X
t=0

βtu(ct, Lt),

where the subscript t denotes the time t realization of the variable. We adopt the

following specification of utility:

(4.2) u(c, L) =

h
c− ψ0

1+ψ
L1+ψ

i1−σ
1− σ

.

10Technically, in the range where L is constant, κ in (1.0.1) in the Appendix is constant. As long
as κ/(1 + τ) > 1, pN is finite, but pN =∞ when increases in τ result in κ = 1 + τ .



139

The household begins the period with a stock of liquid assets, M̃t. Of this, it

allocates deposits, Dt, with the financial intermediary, and the rest, M̃t −Dt, to

consumption expenditures. The cash constraint that the household faces on its

consumption expenditures is:

(3.4.2) Ptct ≤WtLt + M̃t −Dt,

where Wt denotes the wage rate and Pt denotes the price level. These nominal

quantities are expressed in domestic currency units.

The household also faces a flow budget constraint governing the evolution of

its assets:

(3.4.3) M̃t+1 = Rt(Dt +Xt) + P T
t πt +

h
WtLt + M̃t −Dt − Ptct

i
.

Here, Rt denotes the gross domestic nominal rate of interest, πt is profits which

derive from household’s ownership of firms, and Xt is a liquidity injection from the

monetary authority. Profits, πt, is measured in units of traded goods, and P T
t is

the domestic currency price of traded goods. The term immediately to the right

of the equality reflects the household’s sources of liquid assets at the beginning of

period t + 1 : interest earnings on deposits and on the liquidity injection, profits

and any cash that may be left unspent in the period t goods market.

The household maximizes (4.1) subject to (3.4.2)-(3.4.3), and a particular tim-

ing constraint. The household’s deposit decision is made after the realization of the
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collateral shock, and before the realization of the current period monetary action.

As in the limited participation literature, the fact that the household makes the

deposit decision before the monetary policy action is taken, is the reason monetary

policy has a non-neutral effect. At the time the household makes its deposit deci-

sion, it must have a view about what the relevant price and interest rate variables

are. We assume that the household expects the monetary authority to respond to

the collateral shock by holding money growth constant, and that the household

expects prices and interest rates to be what they would be in a constant money

growth equilibrium.11 All other household decisions are taken after the monetary

policy action is known. Since the model is deterministic in the periods after the

collateral shock, timing is irrelevant then.

3.4.2. Firms

The basic structure of the firm sector is the same as in the previous section, with

some difference. A competitive final good firm produces the consumption good,

ct, and intermediate good firms produce the inputs used to produce ct. We now

discuss the decisions facing these firms.

11Computationally, we determine the household’s deposit decision by simulating the economy’s
response to the collateral shock, when money growth is kept fixed. When compute the optimal
sequence of interest rates, we do so subject to the restriction that the household’s deposit decision
is what it is in the constant money growth simulation.
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3.4.2.1. Final Good Firms. As in the previous section, the production function

of the final good firms is given by:

(3.4.4) c = min
©
(1− γ) cT , γcN

ª
,

where cT and cN denote quantities of tradeable and non-tradeable intermediate

inputs, respectively. As noted above, the domestic currency price of c is denoted

by P, while P T and PN denote the money prices of the traded and nontraded

inputs, respectively. The firm takes these prices parametrically.

As before, zero profits and efficiency imply the following relation between prices:

(3.4.5) p =
1

1− γ
+

pN

γ
, p =

P

P T
.

The object, P, in the model corresponds to the model’s ‘consumer price index’,

denominated in units of the domestic currency. The object, p, is the consumer

price index denominated in units of the traded good.

3.4.2.2. Intermediate Inputs. As in the previous section, a single represen-

tative firm produces the traded and non-traded intermediate inputs. That firm

manages three types of debt, two of which are short-term. The firm borrows at the

beginning of the period to finance its wage bill and to purchase a foreign input,

and repays these loans at the end of the period. In addition, the firm holds the

outstanding stock of external (net) indebtedness, Bt.
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The firm’s optimization problem is:

(3.4.6) max
∞X
t=0

βtΛt+1πt,

where

(3.4.7) πt = pNt y
N
t + yTt − wN

t RtL
N
t − wT

t RtL
T
t −R∗zt − r∗Bt + (Bt+1 −Bt),

denotes dividends, denominated in units of traded goods. Also, Bt is the stock

of external debt at the beginning of period t, denominated in units of the traded

good; R∗ is the gross rate of interest (fixed in units of the traded good) on loans

for the purpose of purchasing zt; and r∗ is the net rate of interest (again, fixed in

terms of the traded good) on the outstanding stock of external debt. The price,

Λt+1, is taken parametrically by firms. In equilibrium, it is the multiplier on πt in

the (Lagrangian representation of the) household problem:12

Λt+1 = β
uc,t+1P

T
t

Pt+1
=(3.4.8)

= β
uc,t+1p

T
t

pt+1pTt+1

1

(1 + xt)

12The intuition underlying (3.4.8) is straightforward. The object Λt+1 in (3.4.8), is the marginal
utility of one unit of dividends, denominated in traded goods, transferred by the firm to the
household at the end of period t. This corresponds to PT

t πt units of domestic currency. The
households can use this currency in period t+1 to purchase PT

t πt/Pt+1 units of the consumption
good. The value, in period t, of these units of consumption goods is βuc,t+1P

T
t πt/Pt+1, or

βuc,t+1P
T
t πt/(pt+1P

T
t+1), where uc,t is the marginal utility of consumption. This is the first

expression in (3.4.8).
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where

pTt =
P T
t

Mt
.

Here, Mt is the aggregate stock of money at the beginning of period t, which is

assumed to evolve according to:

(3.4.9)
Mt+1

Mt
= 1 + xt.

Note that under our notational convention, all lower case prices except one, ex-

presses that price in units of the traded good. The exception, pTt , is the domestic

currency price of traded goods, scaled by the beginning of period stock of money.

Alternatively, pTt is the inverse of a measure of real balances.

The firm production functions are:

yT =
n
θ [µ1V ]

ξ−1
ξ + (1− θ) [µ2z]

ξ−1
ξ

o ξ
ξ−1

,(3.4.10)

V = A
¡
KT
¢ν ¡

LT
¢1−ν

,

yN =
¡
KN

¢α ¡
LN
¢1−α

,

where ξ is the elasticity of substitution between value-added in the traded good

sector, Vt, and the imported intermediate good, zt. In the production functions,

KT andKN denote capital in the traded and non-traded good sectors, respectively.

They are owned by the representative intermediate input firm. We keep the stock
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of capital fixed throughout the analysis. It does not depreciate and there exists no

technology for making it bigger.

Total employment of the firm, Lt, is:

Lt = LT
t + LN

t .

We impose the following restriction on borrowing:

(3.4.11)
Bt+1

(1 + r∗)t
→ 0, as t→∞.

We suppose that international financial markets impose that this limit cannot be

positive. That it cannot be negative is an implication of firm optimality.

The firm’s problem at time t is to maximize (3.4.6) by choice of Bt+j+1, y
N
t+j,

yTt+j, zt+j, L
T
t+j, L

M
t+j and LN

t+j, j = 0, 1, 2, ... and the indicated technology. In

addition, the firm takes all prices and rates of return as given and beyond its

control. The firm also takes the initial stock of debt, Bt, as given. This completes

the description of the firm problem in the pre-crisis version of the model, when

collateral constraints are ignored.

The crisis brings on the imposition of the following collateral constraint:

(3.4.12) τNqNt K
N + τT qTt K

T ≥ R∗zt + (1 + r∗)Bt + ζRt

¡
wT
t L

T
t + wN

t L
N
t

¢
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Here, qi, i = N,T denote the value (in units of the traded good) of a unit of

capital in the nontraded and traded good sectors, respectively. Also, τ i denotes

the fraction of these stocks accepted as collateral by international creditors. The

left side of (3.4.12) is the total value of collateral, and the right side is the payout

value of the firm’s external debt; ζ indicates the fraction of the wage bill that

enters into the liabilities side of the collateral constraint, and represents the share

of domestic loans that are collateralized and would compete with foreign creditors’

claims on the firm’s assets. Before the crisis, firms ignore (3.4.12), and assign a

zero probability that it will be implemented. With the coming of the crisis, firms

believe (correctly) that (3.4.12) must be satisfied in every period henceforth, and

do not entertain the possibility that it will be removed.

We obtain qNt and qTt by differentiating the Lagrangian representation of the

firm optimization problem with respect to KN and KT , respectively. The equilib-

rium value of the asset prices, qit, i = N,T, is the amount that a potential firm

would be willing to pay in period t, in units of the traded good, to acquire a unit

of capital and start production in period t. We let λt ≥ 0 denote the multiplier on

the collateral constraint (= 0 in the pre-crisis period) in firm problem. Then, qit

solves

(3.4.13) qit =
VMP i

k,t + β Λt+2
Λt+1

qit+1

1− λtτ i
, i = N, T.
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Here, VMP i
k,t denotes the period t value (in terms of traded goods) marginal

product of capital in sector i.

When λt ≡ 0, (3.4.13) is just the standard asset pricing equation. It is the

present discounted value of the value of the marginal physical product of capital.

When the collateral constraint is binding, so that λt is positive, then qit is greater

than this. This reflects that in this case capital is not only useful in production, but

also for relieving the collateral constraint. In our model capital is never actually

traded since all firms are identical. However, if there were trade, then the price of

capital would be qit. If a firm were to default on its credit obligations, the notion

is that foreign creditors could compel the sale of its physical assets in a domestic

market for capital. The price, qit, is how much traded goods a domestic resident

is willing to pay for a unit of capital. Foreign creditors would receive those goods

in the event of a default. We assume that with these consequences for default,

default never occurs in equilibrium.

To understand the impact of a binding collateral constraint on firm decisions,

it is useful to consider the Euler equations of the firm. Differentiating Lagrangian

representation of the firm problem with respect to Bt+1:

(3.4.14) 1 = β
Λt+2

Λt+1
(1 + r∗)(1 + λt+1), t = 0, 1, 2, ... .
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Following standard practice in the small open economy literature, we assume β(1+

r∗) = 1, so that13

(3.4.15) Λt+1 = Λt+2(1 + λt+1), t = 0, 1, 2, ... .

A high value for λ, which occurs when the collateral constraint is binding, raises

the effective rate of interest on debt. The interpretation is that when λ is large,

then the debt has an additional cost, beyond the direct interest cost. This cost

reflects that when the firm raises Bt+1 in period t, it not only incurs an additional

interest charge in period t+1, but it is also further tightens its collateral constraint

in that period. This has a cost because, via the collateral constraint, the extra debt

inhibits the firm’s ability to acquire working capital in period t+1. Thus, when λ

is high, there is an additional incentive for firms to reduce π and ‘save’ by paying

down the external debt. Although the firm’s actual interest rate on external debt

taken on in period t is 1 + r∗, it’s ‘effective’ interest rate is (1 + r∗) (1 + λt+1) .

3.4.3. Financial Intermediary and Monetary Authority

The financial intermediary takes domestic currency deposits, Dt, from the house-

hold at the beginning of period t. In addition, it receives the liquidity transfer,

Xt = xtMt, from the monetary authority.14 It then lends all its domestic funds to

13See, for example, Obstfeld and Rogoff (1997).
14In practice, injections of liquidity do not occur in the form of lump sum transfers, as they
do here. It is easy to show that our formulation is equivalent to an alternative, in which the
injection occurs as a result of an open market purchase of government bonds which are owned
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firms who use it to finance their employment working capital requirements, WL.

Clearing in the money market requires Dt + Xt = WtLt, or, after scaling by the

beginning-of-period t aggregate money stock,

(3.4.16) dt + xt = pTt
£
wN
t L

N
t + wT

t L
T
t

¤
,

where dt = Dt/Mt.

The monetary authority in our model simply injects funds into the financial

intermediary. Its period t decision is taken after the household has selected a

value for Dt, and before all other variables in the economy are determined. This is

the standard assumption in the limited participation literature. It is interpreted as

reflecting a sluggishness in the response of household portfolio decisions to changes

in market variables. With this assumption, a value of xt that deviates from what

households expected at the time Dt was set produces an immediate reaction by

firms and the financial intermediary but not, in the first instance, by households.

The name, ‘limited participation’, derives from this feature, namely that not all

agents react immediately to (or, ‘participate in’) a monetary shock. As a result of

this timing assumption, many models exhibit the following behavior in equilibrium.

An unexpectedly high value of xt swells the supply of funds in the financial sector.

To get firms to absorb the increase in funds, a fall in the equilibrium rate of interest

by the household, but held by the financial intermediary. We do not adopt this interpretation in
our formal model in order to conserve on notation.
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is required. When that fall does occur, they borrow the increased funds and use

them to hire more labor and produce more output.

We abstract from all other aspects of government finance. The only policy

variable of the government is xt.

3.4.4. Equilibrium

We consider a perfect foresight, sequence-of-markets equilibrium concept. In par-

ticular, it is a sequence of prices and quantities having the properties: (i) for each

date, the quantities solve the household and firm problems, given the prices, and

(ii) the labor, goods and domestic money markets clear.

Clearing in the money market requires that (3.4.16) hold and that actual money

balances, Mt, equal desired money balances, M̃t. Combining this with the house-

hold’s cash constraint, (3.4.2), we obtain the equilibrium cash constraint:

(3.4.17) pTt ptct = 1 + xt.

According to this, the total, end of period stock of money must equal the value of

final output, ct. Market clearing in the traded good sector requires:

(3.4.18) yTt −R∗zt − r∗Bt − cTt = − (Bt+1 −Bt) .

The left side of this expression is the current account of the balance of payments,

i.e., total production of traded goods, net of foreign interest payments, net of
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domestic consumption. The right side of (3.4.18) is the change in net foreign assets.

Equation (3.4.18) reflects our assumption that external borrowing to finance the

intermediate good, zt, is fully paid back at the end of the period. That is, this

borrowing resembles short-term trade credit. Note, however, that this is not a

binding constraint on the firm, since our setup permits the firm to finance these

repayments using long term debt. Market clearing in the nontraded good sector

requires:

(3.4.19) yNt = cNt .

Our procedure for computing the equilibrium of the model is a generalization

on the multiplier-based method used in the Appendix. It corresponds a variation

on the procedure applied in Christiano, Gust and Roldos (2004) and the details

are available from the authors on request.

3.5. Quantitative Analysis

In this section we begin with a discussion of the parameterization of the model.

We then report the results for optimal monetary policy.

3.5.1. Parameter Values and Steady State

The parameter values are displayed in Table 3.7. These were chosen to so that

the model’s steady state in the absence of collateral constraints roughly matches

features of Korean and Thai data during the first semester of 1997. The share of
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tradables in total production for Korea, assuming that tradables correspond to the

non-service sectors, was approximately one third before the crisis. Combining this

assumption with estimates of labor shares from Young (1995), we estimate shares

of capital for the tradable and nontradable sector in Korea to be respectively 0.48

and 0.21. Based on figures for Argentina, Uribe (1995) and Rebelo and Vegh

(1995) estimate the same shares to be 0.52 and 0.37. We take an intermediate

point between these estimates by specifying ν = 0.50 and α = 0.36. Reinhart and

Vegh (1995) estimate the elasticity of intertemporal substitution in consumption

for Argentina to be equal to 0.2. We adopt a somewhat higher elasticity by setting

σ = 2. We take the foreign interest rate to be equal to 6 percent and we assume

a rate of money growth that implies an annual nominal domestic interest rate of

11 percent, roughly in line with the experience of Korea and Thailand in the years

before the crises. We set ψ = 1, implying a labor supply elasticity of 1.

The parameters µ1 and µ2, in the production function were chosen to reproduce

the ratio of imported intermediate inputs in manufacturing to manufacturing value-

added in Korea for the year 1995. In that year the ratio is 0.4, in other words

z/V = 0.4.

As mentioned above, the share of tradable goods in production is roughly one

third, so we calibrate the remaining parameters of the model to produce a ratio

of consumption of nontradables to tradables of approximately 2. In addition, we

chose τ and the stock of debt in the initial steady state equilibrium so that the

change in the debt from initial steady state to final steady state in the model
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matches the corresponding change in Korean and Thai data. Korea’s (Thailand’s)

external debt started at 33% of GDP by end-1997 (60.3%) and was around 26.8%

of GDP (51% of GDP) and the end of the year 2000. So, in these two countries,

the external debt falls by 6 - 10 % of GDP before and after the currency crisis.

In our model, the external debt falls by 7 % of GDP. Money growth in the initial

steady state is set so that the nominal interest rate in the initial steady state is

11 percent, in annual terms. This is very close to the pre-crisis interest rates in

Korea and Thailand. The pre-crisis steady state of the model is reported in Tables

3.9-3.10.

3.5.2. Optimal Monetary Policy

We now consider the optimal monetary policy response to the unexpected impo-

sition of the collateral constraint. The timing of the experiment can be seen in

Figure 6. Up until period 0, the economy is in a nonstochastic steady state in

which the collateral constraint is not binding. At the start of period 0, the firm

makes its employment decision in the traded good sector. After this, the collat-

eral constraint on borrowing is unexpectedly imposed. This constraint is binding.

Then, the household makes its deposit decision. In making its deposit decision

the household assumes money growth will continue at its previous constant rate.

After this, the monetary action occurs. Finally, all activity occurs. The remainder

of all time unfolds in a non-stochastic way. The collateral constraint remains in

force for ever after.
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The results are reported in Figure 3.6. A period in the model is taken to

be 6 months. As a benchmark, we include actual (semi-annual) data for Korea.

Note the sharp rise in the current account. Also, the drop in GDP, relative to its

pre-crisis trend, is nearly 15 percent. The drop in employment is less, though it

takes longer to recover. Interestingly, this represents a substantial drop in labor

productivity. The drop in consumption is a little larger and more persistent than

the drop in output. Share prices fall and then recover. The interest rate rises

sharply (as noted in Figure 3.1), and then falls substantially below its pre-crisis

level. The exchange rate initially depreciates by about 50 percent, although the

depreciation is ultimately smaller. Finally, inflation jumps from about 5 percent

initially to about 12 percent, before stabilizing at a lower level.

Now consider the response of the model under the optimal monetary policy.

Note that the current account in the model increases, though not as much as

in the Korean data. We suspect that the absence of investment in our model

is part of the reason for this. With domestic investment there is an additional

margin that can be used to cut back domestic absorption and increase the current

account. We expect that in a version of our model with investment, agents would

exploit this margin given the very high value of the multiplier on the collateral

constraint. The drops in domestic output and consumption are of a similar order

of magnitude to corresponding drops in Korea, but substantially less persistent. In

the case of employment, the model substantially overstates the initial drop. This

is an interesting miss. In effect, the model cannot explain the substantial drop in



154

labor productivity observed in the wake of the Korean financial crisis. The model

matches the behavior of asset prices and the nominal exchange rate quite well.

However, the model substantially overstates the nominal interest rate and the rate

of inflation in the wake of the Korean crisis.

Overall, we believe that the model captures reasonably well the behavior of

the Korean data during the currency crisis. Figure 3.7 helps to assess the optimal

monetary policy by comparing it with a particular benchmark. In the bench-

mark, money growth is held fixed at its pre-shock level. Note that relative to this

benchmark, the optimal monetary policy stimulates aggregate output, consump-

tion, employment and imports. It does so by raising the nominal interest rate

substantially.

The economic intuition underlying these results can be found in contemplating

the collateral constraint. The rise of the interest rate in period 0 slows the exchange

rate depreciation and this contributes to a smaller reduction in asset prices. This

relative improvement on the asset side of the collateral constraint allows for a

smaller drop in imports of intermediate inputs, and a smaller reduction in real

GDP, employment and consumption. Once the initial increase in interest rates

and exchange rate depreciation set in motion the external adjustment process,

labor is reallocated to the traded sector. From that moment onwards, the optimal

monetary policy consists of reducing interest rate to values very close to the arrival

steady state level of 2%. It is worth noting that during this transition period, and
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in consonance with the evidence on the crises countries, interest rate cuts are

associated with nominal (and real) exchange rate depreciations (Mussa, 2000).

3.6. Conclusion

In this paper we studied the optimal monetary policy response to a financial

crisis of the kind experienced by the Asian economies in 1997-98. These crises,

as many other emerging market crises, were characterized by a sudden reversal in

capital inflows. Using a particular open economy model with collateral constraints,

we found that the optimal monetary response to such a crisis involves an initial

increase in interest rates, followed by a relatively sharp and rapid reduction in rates

in the aftermath of the crisis. Interestingly, this is the policy that was actually

followed.

In our model, increasing the interest rate is very much like raising a tax. As

a result, our analysis may yield insight into the episodes of “expansionary fiscal

consolidations” emphasized by a large literature initiated by Giavazzi and Pagano

(1990).

To keep the analysis simple, our model does not include variable investment. In

principle, including investment could improve the model’s empirical implications.

However, whether it does so remains an important, open question. Because capital

appears in the collateral constraint, investment in physical capital represents an

alternative strategy - apart from paying off international debt - by which agents

can reduce the burden of the collateral constraint. In effect, the imposition of the
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collateral constraint is equivalent to a subsidy to paying off international debt, as

well as to investing in domestic capital.15 Thus, without additional assumptions,

we cannot rule out the possibility that in an environment in which investment is

variable, a binding collateral constraint could lead to an increase in investment,

and to a fall in the current account. Clearly, this would deal a blow to the idea that

tightening collateral constraints were the driving force behind the Asian financial

crises. We suspect, however, that with reasonable investment adjustment costs

and other frictions, paying off the international debt would dominate investment in

physical capital as a strategy for reducing the burden of the collateral constraint.

If so, then the introduction of variable investment would improve our model’s

empirical implications, by magnifying the rise in the current account in the wake

of a financial crisis.

At a methodological level, this paper adds to the literature that studies the im-

pact of financial frictions on the monetary transmission mechanism. In traditional

models, financial frictions have the effect of magnifying - through an ‘accelerator

effect’ - the effects of monetary actions, without changing their sign. In this model

we have shown that financial frictions could actually have a ‘reverse accelerator

effect’, in that they reverse the sign of the effect of a monetary action.

15For a formal statement of this, see Chari, Kehoe and McGrattan (2005).



157

Table 3.1. Syndacated Loans in Emerging Markets (in Billions of US Dollars)

Year Total Secured Secured as % of Total

1993 47.5 7.9 16.5

1994 64.9 11.5 17.7

1995 93.0 16.1 17.3

1996 104.3 22.0 21.1

1997 143.7 61.4 42.7

1998 77.3 25.9 33.5

1999 73.1 26.3 35.9

Source: Capital Data, Loanware
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Table 3.2. Intermediate Imports and Total Imports - Thailand

Year Total Intermediate % of Total

1993 45,995 17,184 37%

1994 54,338 19,294 36%

1995 70,718 25,061 35%

1996 72,248 24,874 34%

1997 63,286 21,860 35%

1998 42,403 14,744 35%

1999 49,919 18,205 36%

2000 62,181 23,663 38%

2001 61,847 22,978 37%

2002 64,317 24,461 38%

Source: CEIC
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Table 3.3. Intermediate Imports and Total Imports - Korea

Total Intemediate % of Total

83,800 43,987 52%

102,348 50,158 49%

135,119 64,611 48%

150,339 68,556 46%

144,616 69,361 48%

93,282 45,593 49%

119,752 57,253 48%

160,481 78,975 49%

141,098 71,929 51%

152,126 73,891 49%

Source: CEIC
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Table 3.4. Intermediate Imports and Total Imports - Malaysia

Year Total Intermediate % of Total

1993 Na Na Na

1994 Na Na Na

1995 77,601 50,447 65%

1996 78,426 52,201 67%

1997 79,036 51,922 66%

1998 58,293 40,901 70%

1999 65,389 48,321 74%

2000 81,963 61,233 75%

2001 73,856 53,271 72%

2002 79,881 56,939 71%

Source: CEIC
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Table 3.5. Intermediate Imports and Total Imports - Indonesia

Year Total Intermediate % of Total

1993 28,376 20,035 71%

1994 32,222 23,146 72%

1995 40,921 29,610 72%

1996 44,240 30,470 69%

1997 46,223 30,230 65%

1998 31,942 19,612 61%

1999 30,600 18,475 60%

2000 40,367 26,073 65%

2001 34,669 23,879 69%

2002 24,118

Source: CEIC
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Table 3.6. Intermediate Imports and Total Imports - Philippines

Year Total Intermediate % of Total

1993 17,597 7,855 45%

1994 21,333 9,559 45%

1995 26,538 12,174 46%

1996 32,427 14,015 43%

1997 35,933 14,663 41%

1998 29,660 11,586 39%

1999 30,726 12,596 41%

2000 34,491 16,747 49%

2001 33,058 15,121 46%

2002 35,427 14,791 42%

Source: CEIC
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Table 3.7. Parameter Values of the Dynamic Model

β 0.943 γ 0.27

ψ 3.00 R 1.11

R∗ 1.06 r∗ 0.06

α 0.36 KN 10

ν 0.7 KT 5

µ1 1 µ2 3.5

τ 0.08 θ 0.5

ψ0 0.0036 σ 2

A 1.5 ξ 0.1

ζ 0.6

Note : Here, β, R and R∗ are expressed in annualized terms.
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Table 3.8. Parameters Valuues in the One Period Example

A = 2, R∗ = 1.06, θ = 0.1, γ = 0.43, α = 0.25, τN = 0.1, ψ0 = 0.06, ψ = 1, K = 1.
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Table 3.9. Steady State Ignoring the Collateral Constraint

L 30 z 2.67

LT 7.75 LN 22.25

cT 6.17 cN 16.68

w 0.3824 V 9.33

pN cN

cT
2.39 yT 9.34

pN 0.8861 pT 0.0515

qT 22.95 qN 18.54

B 14.2 B
pN cN+yT−R∗z 0.6644

Table 3.10. Steady State with Monetary Experiment

L 30.69 z 2.703

LT 7.911 LN 22.78

cT 6.264 cN 16.94

w 0.4088 V 9.4341

pN cN

cT
2.3912 yT 9.44

pN 0.8844 pT 0.047

qT 23.19 qN 18.78

B 13.37 B
pN cN+yT−R∗z 0.618
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Figure 3.2. Intermediate Goods Imports vs. GDP (source CEIC)
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Figure 3.4. Labor Demand and Labor Supply



Figure 3.5. Equilibrium Associated with Various Tax Rates
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Figure 3.8. Timeline of the Dynamic Model
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APPENDIX A

Strategy for Solving Model in Section 3.3

For purposes of numerical analysis of the example in section 3.3, it is convenient

to substitute out the real wage rate by combining (3.3.10) and (3.3.14), to obtain:

(1.0.1)
1

pN
=
1− γ

γ

∙
κ

1 + τ
− 1
¸
, κ ≡ γ (1− α)Kα

ψoL
ψ+α

.

In (1.0.1), κ is of interest because a planner for whom cT is free would set L so

that κ = 1. We now have five variables, pN , q, L, z, λ, whose equilibrium values

can be determined by the five equations, (3.3.7), (3.3.9), (3.3.11), (3.3.12), (1.0.1),

as well as the nonnegativity constraints, (3.3.13).

We find it convenient to divide the collateral constraint, (3.3.12), by q, so that

the complementary slackness condition becomes

(1.0.2) λ

∙
τNK − R∗z

q

¸
= 0, λ ≥ 0, τNK − R∗z

q
≥ 0.

These equations suggest a simple strategy for computing an equilibrium. We

define a mapping from the space of admissible equilibriummultipliers, J = [0, 1/τN),

to candidate equilibrium outcomes that satisfy our five equilibrium conditions, ex-

cluding (3.3.12). We then adjust λ ∈ J until (3.3.12) is satisfied. When this is so,
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the candidate equilibrium outcomes constitute an actual equilibrium. The map-

ping from λ ∈ J to candidate outcomes is as follows. First, conjecture that pN

takes on a positive, finite value. Then, compute the value of z that solves (3.3.11).

After this, compute the value of L that satisfies (3.3.7) and evaluate κ in (1.0.1).

If κ > (1+ τ), then use (1.0.1) to compute pN (note that the finiteness assumption

on pN is verified). In this case q can be computed from (3.3.9). Finally, compute

τNqK −R∗z, so that (3.3.12) can be evaluated. Now suppose κ ≤ (1 + τ). In this

case, set pN = ∞ (i.e., 1/pN = 0) and κ = 1 + τ . The latter expression deter-

mines a value for L, which replaces the (larger) value computed above. Solve for

the smaller of the two values of z which satisfy (3.3.7) with the given L (it can

be verified that there must be two solutions because the object on the left of the

equality in (3.3.7) forms an inverted ‘U ’ shape when graphed as a function of z

and because (3.3.7) was satisfied for the previous, larger, value of L). According

to (3.3.9), q =∞ and therefore τNqK −R∗z =∞ also.



APPENDIX B

Proof of Proposition 1

Following is a proof of the proposition in section 3.3.2. The proof is accom-

plished by manipulating the five equilibrium conditions, (3.3.7), (3.3.9), (3.3.11),

(3.3.12) and (1.0.1). In addition, we impose λ > 0 and pN < ∞ to capture our

assumption that the collateral constraint binds in the equilibrium of the model.

The object in square brackets in (3.3.12) can be viewed as being a function of λ,

for each fixed τ . Denote this function by f(λ; τ). The first step in the proof estab-

lishes that at the equilibrium value of λ, which we denote by λ (τ) , f (λ; τ) is an

increasing function of λ. The second step establishes that f(λ; τ) is increasing in

τ for fixed λ, so that λ (τ) is increasing in τ . The third step establishes the result.

The function, f, is constructed as follows. The variable, z, is a function of λ by

equation (3.3.11). Denote this function by z(λ). The variable, L, is a decreasing

function of λ, L (λ) , by combining (3.3.11) and (3.3.7). The variable, pN , is a

function of λ for each τ , pN (λ; τ) , by (1.0.1). It is easy to verify that z (λ) ,

L (λ) , pN (λ; τ) , converge to well defined limits as λ → 1/τN . We construct the

function q (λ; τ) using the functions, z (λ) , L (λ) , pN (λ; τ) ,and (3.3.9). The given
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properties of z (λ) , L (λ) , pN (λ; τ) imply that q (λ; τ)→∞ as λ→ 1/τN . Finally,

f(λ; τ) ≡ τNq (λ; τ)K −R∗z (λ) .

We conclude that f(λ; τ) > 0 for λ sufficiently large. In an equilibrium with λ > 0,

f(λ (τ) ; τ) = 0.

By the fact that f is continuous and by our assumption that the equilibrium is

unique, it follows that f (λ; τ) cuts the zero line from below at λ (τ) , as in Figure

4. The second step in the proof follows from the fact that pN (λ; τ) is increasing

in λ for each τ . This implies that f(λ; τ) shifts up with an increase in τ , for each

fixed λ. Thus, (see Figure 4), λ (τ) is decreasing in τ . We now turn to the third

step in the proof. We established above that z (λ) is decreasing in λ, so that

z (τ) ≡ z (λ (τ)) is increasing in τ . The fact that L (λ) is decreasing in λ, implies

that L (τ) ≡ L (λ (τ)) is increasing in τ . The rise in τ and resulting rise in L

drives up pN according to (1.0.1). By the collateral constraint, the rise in z must

be associated with a rise in q after the rise in τ . Finally, consider utility. From

(3.3.1):

c− ψ0
1 + ψ

L1+ψ = γKαL1−α − ψ0
1 + ψ

L1+ψ,
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using (3.3.3) and (3.3.4). Differentiating this function, it is easy to verify that it

is strictly increasing in L up to the point,

L =

µ
(1− α) γKα

ψ0

¶ 1
ψ+α

.

Thus, for values of κ ≥ 1 in (1.0.1), utility is strictly increasing in L. But, the fact

that pN <∞ implies κ > 1 + τ . The result for utility follows. Q.E.D.

It is straightforward to see what happens when the collateral function, f(λ; τ),

crosses the zero line twice in Figure 4, in which case there are two equilibria. When

τ is increased there exists an equilibrium in the neighborhood of the high λ equilib-

rium, which satisfies our proposition. However, there exists an equilibrium in the

neighborhood of the low λ equilibrium, in which the results of the proposition are

reversed. These observations about comparative statitics when there are multiple

equilibria but no credible equilibrium selection mechanism is available are of little

practical interest.



APPENDIX C

Appendix C: Algorithm for Solving Dynamic Model

We solve the dynamic model for a given sequence of money growth rates by a

mixture of backward and forward recursions. We impose that the model’s variables

arrive in a steady state in period T + 1. This is an approximation because in fact

it takes infinite time for the model to converge to steady state. In practice, we set

T = 19, and verify that equilibrium conditions are satisfied within an acceptable

degree of tolerance.

The computational strategy is a dynamic version of the strategy used to solve

the static example in section 3.3. For a given sequence of multipliers on the repre-

sentative intermediate good firm’s collateral constraint, we use all the equilibrium

conditions of the model, apart from the sequence of collateral constraints, to solve

for equilibrium prices and quantities. We find this solution using the recursions

alluded to in the previous paragraph. We then adjust the multipliers until the

complementary slackness condition is satisfied at each date. We conjecture (and

then verify ex post) that the collateral constraint is satisfied as a strict equality

along the entire equilibrium path.

To describe the algorithm in greater detail, it is useful to state precisely the

timing in the model. Recall that in our environment, the economy is in an initial
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steady state until period t = 0, when the collateral constraint unexpectedly be-

comes binding. At the beginning of period 0, LT
0 is set by firms. Because this is

done before the realization of the collateral shock, firms set LT
0 to its initial steady

state value. Then, the collateral shock becomes known and the household makes its

deposit decision. This decision is made under the assumption that money growth

will continue forever at the constant rate that occured in the initial steady state.

Next, monetary policy from period t = 0 and later, x0, x1, x2, ..., is revealed. Then,

all other period 0 quantities and prices are realized. For periods t = 1, 2, ... our

within-period timing assumptions have no effect because all period t variables are

known at the start of period t for t = 1, 2, ... .

We consider two dynamic equilibria. In the baseline, monetary policy is a

continuation of the constant monetary growth rate in the initial steady state. Let

d0 denote the household deposit decision (after scaling by M0) fort = 0 in the

baseline equilibrium. We also consider the optimal equilibrium, the one associated

with the sequence, x0, x1, x2, ..., which produce the equilibrium in which present

discounted value of household utility for t ≥ 0 is as high as possible. When we

search for the optimal sequence, x0, x1, x2, ..., we impose the timing assumption on

the household deposit decision by fixing period 0 deposits at d0.

C.0.1. Equilibrium Conditions

At time t the variables that we want to solve for are the following 16:
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VMPN
k,t, V MP T

k,t, q
N
t , q

T
t , c

N
t , c

T
t , L

N
t , L

T
t , pt, p

N
t , p

T
t−1, Rt, zt, dt,Λt, y

T
t .

The 16 equations are below. The household and firm intertemporal Euler equations

imply:

(3.0.1a) βRt = (1 + xt−1) (1 + λt) (p
T
t /p

T
t−1),

for t = 1, 2, ... . We obtain equation 3.0.1a by combining the following three

equations. The intertemporal Euler equation associated with the household deposit

decision is:

(3.0.2) uc,t =
pt
pt+1

pTt
pTt+1

(1 + xt)βRtuc,t+1, t = 1, 2, ... .

The role of this equation in t = 0 is discussed below. The intertemporal Euler

equation for the firm is:

Λt = (1 + λt)Λt+1,

for t = 1, 2, ... . Here, Λt is the multiplier on the household’s period t − 1 flow

budget constraint in the Lagrangian representation of the household problem. The

household first order necessary condition for optimization of consumption is:

Λt = β

µ
uc,t
pt

pTt−1
pTt

1

(1 + xt−1)

¶
,
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for t = 1, 2, ... .

The nontraded good production function is:

(3.0.3) cNt =
¡
KN

¢α ¡
LN
t

¢1−α
, t = 0, 1, .... .

The implication of the Leontieff assumption on final goods production:

(3.0.4) cTt =
γ

(1− γ)
cNt , t = 0, 1, .... .

The intermediate traded good production function:

(3.0.5) yTt =
n
θ [µ1Vt]

ξ−1
ξ + (1− θ) [µ2zt]

ξ−1
ξ

o ξ
ξ−1

, t = 0, 1, .... .

First order condition associated with the choice of the imported intermediate good

is:

(3.0.6)
µ

yTt
µ2zt

¶ 1
ξ

µ2 (1− θ) = (1 + λt)R
∗, t = 0, 1, .... .

Substituting out the real cost of labor in the first order conditions for nontraded

and traded good employment:

(3.0.7) (1− α) pNt
cNt
LN
t

=

µ
yTt
µ1Vt

¶ 1
ξ

θ (1− υ)
µ1Vt
LT
t

, t = 0, 1, .... .
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Definition of the value marginal product of capital in the traded good sector:

(3.0.8) VMP T
k,t =

µ
yTt
µ1Vt

¶ 1
ξ

θυ
µ1Vt
KT

, t = 0, 1, .... .

Value marginal product of capital in the non-traded good sector:

(3.0.9) VMPN
k,t = αpNt

cNt
KN

, t = 0, 1, .... .

Combining the money market clearing (i.e., the wage bill equals deposits plus new

money injections) together with the cash constraint for households in the goods

market implies:

(3.0.10) ptp
T
t (1− γ) cTt = (1 + xt) , t = 0, 1, .... .

The condition that total money spend on consumption goods is equal to the wage

bill plus money allocated by households to consumption goods implies:

(3.0.11) pt(1− γ)cTt = (1− α)
pNt

ζRt (1 + λt)

cNt
LN
t

¡
LT
t + LN

t

¢
+
1− dt
pTt

, t = 0, 1, .... .

The intertemporal Euler equation of the firm is:

(3.0.12) Λt = (1 + λt)Λt+1, t = 1, 2, ... .
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The expressions for the two asset prices are:

(3.0.13) qNt = VMPN
k,t + λtτ

NqNt + β
Λt+2

Λt+1
qNt+1, t = 0, 1, .... .

(3.0.14) qTt = VMP T
k,t + λtτ

T qTt + β
Λt+2

Λt+1
qTt+1, t = 0, 1, .....

The discount rate for firm profits is Λt, where:

(3.0.15) Λt = β

µ
uc,t
pt

pTt−1
pTt

1

(1 + xt−1)

¶
, t = 1, 2, .... .

Equality of labor supply and labor demand in the non-traded good sector implies:

(3.0.16) ψ0
¡
LN
t + LT

t

¢ψ
pt = (1− α) pNt

cNt
ζRt(1 + λt)LN

t

, t = 0, 1, .... .

The relative price of final goods to traded goods is, given the Leontieff technology:

(3.0.17) pt =
1

1− γ
+
1

γ
pNt , t = 0, 1, .... .

C.0.2. Backward Recursion

We now discuss how prices and quantities are computed based on a given set of

values, λ0, λ1,..., λT and x0, x1,..., xT . These are obtained by solving the equilibrium
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conditions recursively, beginning with the steady state and working backwards. We

start the backward iteration in period T, when pTt for t = T and all other variables

dated T + 1 and later are assumed to be in a steady state. The calculations are

done in two steps. First, we proceed for t = T, T −1,...., 1. After that, we consider

the variables in t = 0.

It is convenient to substitute out for pt from 3.0.17 into 3.0.7, 3.0.10, 3.0.11,

??, and 3.0.16. With this change, we have the following 15 unknowns:

VMPN
k,t, V MP T

k,t, q
N
t , q

T
t , c

N
t , c

T
t , L

N
t , L

T
t , p

N
t , p

T
t−1, Rt, zt, dt, Λt, y

T
t .

in 15 equations. We reduce these equations to one equation in one unknown, LN
t .

Thus, fix LN
t . Then, c

N
t and cTt are computed from 3.0.4 and 3.0.3, respectively.

The variable, pNt is computed using 3.0.10 with pt replaced with 3.0.17. The

variables, zt, LT
t , and yTt are computed using 3.0.5, 3.0.6 and 3.0.7. We computed

Λt using 3.0.12. We then computed pTt−1 using 3.0.15 and the interest rate, Rt,

using 3.0.1a. The variables, VMP T
k,t and VMPN

k,t are computed using 3.0.8 and

3.0.9. Then, 3.0.13 and 3.0.14 are solved for the asset prices, qTt and q
N
t .We adjust

LN
t until euqation 3.0.16 is satisfied. The variable, dt, is computed using 3.0.11.

We proceed sequentially, for t = T, T − 1,..., 1.

We now consider t = 0. Relative to the previous list of unknowns, we drop 3

variables: pT−1, Λ0, L
T
0 . We drop Λ0 because 3.0.12 is only satisfied for t = 1, 2, ...
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. We drop LT
0 because this variable is set to its value in the initial steady state.

The list of 12 unknowns for this period are:

VMPN
k,0, V MP T

k,0, q
N
0 , q

T
0 , c

N
0 , c

T
0 , L

N
0 , p

N
0 , R0, z0, d0, y

T
0 .

We reduce these equations to one equation in the one unknown, LN
0 . Fix the value

of LN
0 . We obtain the values of c

N
0 and cT0 from 3.0.4 and 3.0.3, as before. The

variable, pN0 is computed using 3.0.10 with p0 replaced with 3.0.17. The variables,

zt, and yTt are computed using 3.0.5 and 3.0.6.

Suppose we are solving for the baseline equilibrium in which money growth

is constant and equal to its value in the initial steady state. In this case, the

period 0 household intertemporal equation 3.0.2 holds and can be used. We use

this equation to compute R0.We then obtain VMP T
k,0and VMPN

k,0 from equations

3.0.8 and 3.0.9 . Asset prices, qN0 and qT0 , are found using 3.0.13 and 3.0.14 .

Equation 3.0.11 can be used to compute d0. Finally, LN
0 is adjusted until 3.0.16 is

satisfied for t = 0.


