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Abstract.

This dissertation consists of two essays. In the first essay we use the oc-

cupation, incorporation and bankruptcy decisions of entrepreneurs to learn

about the extent of the risks faced by entrepreneurs and the available in-

surance against them. Entrepreneurship is risky; entrepreneurs forgo wages

and invest their time and resources into a business with large potential

gains, but uninsurable risks. It is vital to know the extent of these risks,

and the insurance available against them, in order to assess corporate tax

and personal bankruptcy reforms. We document that incorporated en-

trepreneurs operate larger businesses, accumulate more wealth, and are on

average more productive than unincorporated entrepreneurs. We embed the

U.S. bankruptcy and incorporation legal systems in a quantitative macroe-

conomic theory of occupation, incorporation, and default choices that ac-

counts for the cross-sectional facts. In the model, as in the U.S., incorpo-

ration provides insurance via limited liability beyond personal bankruptcy

exemptions, at the expense of administrative burdens and an endogenous

interest rate premium. Our model suggests that capital embodied shocks

are important entrepreneurial risks. A calibrated economy in which each

unit of installed capital entails a small probability (1.0%) of a catastrophic

shock (full destruction of capital) is able to account for the data along

multiple untargeted dimensions.

In the second essay we analyze the savings behavior of developing economies.

Developing countries experiencing rapid TFP growth tend to run current

account surpluses. This finding is puzzling in the context of the neoclassical

growth model, which predicts that these countries should be net borrowers

(Gourinchas and Jeanne, 2009). We account for this puzzle by introduc-

ing a non-tradable sector to an otherwise standard growth model. We

propose that complementarity between tradable and non-tradable goods

is key. With an initially underdeveloped non-tradable sector, a represen-

tative household is willing to trade a portion of current tradable output

in exchange for tradable goods in the future when its production of non-

tradable goods increases. A drawback of the simplest version of the model

is that faster growing countries experience a reduction in the relative price

of non-tradable goods.
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1. Chapter: Bankruptcy, Incorporation, and the Nature of

Entrepreneurial Risk

1.1. Introduction. 1

Entrepreneurship is inherently risky; the macroeconomic literature on en-

trepreneurship (Evans and Jovanovic [1989],Quadrini [2000],Cagetti and De

Nardi [2006],etc) focuses on how individuals make decision in the face of

uninsurable risks, and how these risk influence the savings behavior of en-

trepreneurs. These risks, along with interest rate premia on external financ-

ing, encourage savings by entrepreneurs and allow these models to generate

the high level of wealth inequality in the United States.

While acknowledging the successes of these theories, it is important to rec-

ognize that there is substantial heterogeneity amongst entrepreneurs. Further-

more, entrepreneurs’ choices differ systematically by the amount of insurance

against business risks available to them. In particular, the U.S. legal system

provides two tiers of insurance for entrepreneurs. The first is that, according to

bankruptcy law, the entrepreneur may unilaterally default on liabilities while

keeping personal assets up to an exemption level. Second, an entrepreneur may

attain limited liability by incorporating her business, and thereby eliminate

personal exposure to business risk. This allows the incorporated entrepreneur

to effectively choose the level of insurance she desires.

We include bankruptcy and incorporation margins for two reasons. First,

the data suggest that incorporated entrepreneurs are better entrepreneurs: on

average, they enjoy higher incomes, accumulate more wealth, and pay lower

interest rates on debt than their unincorporated peers. On the other hand,

the insurance provided by limited liability induces incorporated entrepreneurs

to default more frequently, thereby increasing their interest rates, both in

the data (table 4) and in our theory. Modeling entrepreneurial bankruptcy

therefore generates financing frictions emphasized in the literature, but via an

endogenous mechanism that relies on realistic contracts. Modeling incorpora-

tion gives cross-sectional restrictions on the model, as well as increasing the

model’s ability to generate wealth inequality.

1This chapter is coauthored with Andrew Glover.
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Second, since incorporated entrepreneurs operate at sizes in between unin-

corporated and large corporate firms, they are a natural springboard for study-

ing the transition between the entrepreneurial and corporate sectors. Models

of entrepreneurship are unable to study corporate tax reform, because they

are silent on this transition. This model opens the door to studying such a

reform; as an initial application, we use it to predict the effects of making in-

corporation cheaper on aggregate output, entrepreneurship rates, income and

wealth inequality, and welfare.

1.1.1. Data and Legal Structure.

In the United States, an individual entrepreneur can operate her business

under one of three legal regimes. The first is a sole-proprietorship, in which

all profits are passed-through to the entrepreneur’s income and there is no

legal distinction between liabilities of the business and owner. The second

consists of Sub-Chapter C Corporations, in which business profits are taxed

at corporate rates and can be either retained or distributed, and in which each

owner is liable only up to the equity injected into the business. The final type

consists of Sub-Chapter S Corporations, in which profits are passed-through as

income, but liability is limited. We will call sole-proprietors “unincorporated

entrepreneurs” and single-owner corporations “incorporated entrepreneurs.”

We segment aggregate activity with these definitions in mind. The en-

trepreneurial sector as defined composed 18% of private non-farm GDP in

20032. Of this, 8% was produced by unincorporated entrepreneurs and 10%

by incorporated entrepreneurs. These shares are similar to what one would

get using national income accounts, although it is impossible to slice NIPA in

the same way.

We next look at the cross-section of entrepreneurs. Using data from the

2003 waves of the Survey of Small Business Finances (SSBF) and Survey of

Consumer Finances (SCF), we find that, while demographically very similar,

incorporated entrepreneurs were much more successful and wealthier than un-

incorporated entrepreneurs: revenue for was seven times greater, profits were

2We use IRS SOI data to construct value added, with some extrapolations from the SSBF.
Full details are available upon request
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three times greater, wealth to income was 40% greater, and interest rates on

debts were on average 70 basis points lower. Importantly, however, incor-

porated entrepreneurs paid a 40 − 70 basis point interest rate premium on

business debts. These observations inform our inclusion of unilateral default

and and incorporation as key modeling ingredients.

1.1.2. Description of Theory.

We model entrepreneurs as households who have a persistent ability to pro-

duce, but face idiosyncratic shocks and forgo labor income if they choose to

do so. An entrepreneur faces shocks to both their ability, as well as shocks to

installed capital. The first represents shocks that affect management ability

(such as illness) or shifts in demand for the entrepreneur’s product. The sec-

ond represents a combination of shocks, such as business specific investments

that turn sour (e.g. building and designing a restaurant which turns out to be

in a poor location) or judgements against the entrepreneur due to negligence.

Note that the second source of shocks can be catastrophic, thereby causing

losses greater than revenue. As detailed below, these are the types of shocks

that entrepreneurs identify as the causes for bankruptcy.

As a result of these shocks, entrepreneurs sometimes find it optimal to de-

fault. In our theory this resembles Chapter 7 bankruptcy. If entrepreneurs

ever exercise this option, then banks charge interest rate premia above the

risk free rate on business loans (as in Eaton and Gersovitz [1981], Chatterjee

et al. [2007]. For unincorporated entrepreneurs, bankruptcy also entails seizure

of personal assets up to the exemption level and exclusion from financial mar-

kets for a period (in this way, our bankruptcy resembles a “fresh start” as

in Livshits et al. [2007]). Incorporated entrepreneurs, on the other hand, can

keep the entirety of personal assets, and maintain access to financial markets.

Since incorporated entrepreneurs are “punished” less in the event of bank-

ruptcy, they naturally default more frequently than unincorporated entrepren-

-eurs. Therefore, they pay even higher interest rates on debt than would an

identical unincorporated entrepreneur, as we see in the data. This also implies

that a given incorporated entrepreneur saves more than if she were unincorpo-

rated. First, since fewer personal assets are seized in the event of bankruptcy,
3



the implicit rate of return on personal savings is higher for incorporated en-

trepreneurs. Second, the covariance between income and returns on personal

savings is zero for incorporated entrepreneurs, while it is positive for unin-

corporated entrepreneurs. Finally, debt is more expensive for incorporated

entrepreneurs, and so self financing is more attractive.

Whether the theory can generate greater revenue and lower average inter-

est rates for incorporated entrepreneurs hinges on whether more productive

entrepreneurs select into incorporation. For a fixed level of resources, a more

productive entrepreneur wishes to install more capital than an unproductive

entrepreneur, and so more expensive debt discourages them from incorpo-

rating. On the other hand, more productive entrepreneurs have more in-

come and therefore wish to hold more personal savings than what is protected

by personal exemptions, which may not be the case for low productivity en-

trepreneurs. Thus the model can generate positive selection if the financing

motive is weaker than the insurance motive, which makes the calibration in

table 7 non-trivial.

1.1.3. Applying the Model.

We emphasize that the world faced by entrepreneurs in our model is radi-

cally different than in the rest of the literature. Previous researchers think of

entrepreneurial risk as individual specific productivity shocks, so that in the

worst states of the world an entrepreneur who fully funds production via debt

still has non-negative net equity in her business. In our world, net equity after

the most adverse shocks is equal to the level of debt. We find that our speci-

fication of risk is necessary to get the wealthiest entrepreneurs to incorporate,

as we observe in the data. We also use the model to measure how large these

risks are in consumption equivalence terms, and find that an annual increase

in consumption of 5.9% is needed to make an entrepreneur indifferent between

starting a business in the presence of investment risk and a world with none.

Indicating that investment risk is a big source of risk for entrepreneurs. For

comparison, Storesletten et al. [2001] find the welfare gains from eliminating

idiosyncratic labor income risk to be 1.17% annual consumption.
4



We use the model to conduct two policy experiments that are relevant to

many actual legal changes made in the last twenty years. We first ask what

happens when incorporation becomes cheaper. Since the only form of incorpo-

ration in our model has pass-through income, this resembles the introduction

of recent legal forms such as Limited Liability Corporations, as well as be-

stowing more and more benefits to S-Corporations that were once reserved for

C-Corporations. We find that this increases the entrepreneurship rate, which

increases aggregate income by 0.5%, but also increases income and wealth

inequality.

A similar exercise, which has been the focus of previous papers on en-

trepreneurship and default (Meh and Terajima [2008], Athreya et al. [2009]),

explores the effects of changing personal bankruptcy exemptions. Since in our

model an entrepreneur can attain full exemptions by incorporating, we find

that changing personal exemptions has a much smaller impact than either of

these previous studies.

It is important to note that our model gives indeterminant welfare con-

clusions with respect to these policies. This is because some fraction of the

expenditure shocks are modeled as damages to third parties, and entrepreneurs

are absolved of reimbursing these expenses in bankruptcy. Furthermore, while

lenders will price their expected losses due to bankruptcy, damages due to

negligence will still not be internalized. This is because secured creditors are

paid first in bankruptcy proceedings.

Because entrepreneurs can generate large expenses to third parties (in 2003,

6% of total entrepreneurial output, one third of which was uninsured). This

creates a trade-off for society. On one hand, the the insurance provided by

incorporation encourages entrepreneurial activity, which has high marginal

product. On the other hand, limited liability also enables these entrepreneurs

to avoid accountability. Because the average net damages to each household

depends on the number of entrepreneurs, as well as their incorporation status

and level of exemptions, we find a non-monotonic relationship between welfare

and entrepreneurship rates.
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1.1.4. Literature Review.

Our theory bridges the literature on entrepreneurship in macroeconomics

with the literature on personal default. The default decision increases the in-

terest rate on business debt, which creates the fundamental friction in Quadrini

[2000] and Cagetti and De Nardi [2006], but is an improvement over their mod-

eling choices since it is endogenous (as opposed to Quadrini [2000]) and is an

observable feature of contracts (as opposed to Cagetti and De Nardi [2006]).

We are not the first researchers to realize this, however: Meh and Terajima

[2008] study an environment in which default risk generates such a premium.

Our additional value over their paper is to use the incorporation choice to

inform us of the risks faced by entrepreneurs.

We also focus on the tradeoff between insuring entrepreneurs from business

risk, versus allowing them to avoid responsibility for negligence. While we are

the first to develop this tradeoff, previous researchers have studied the effect

of insurance on entrepreneurial behavior in these models. Meh and Terajima

[2008] conduct policy experiments in which the exemption levels of assets under

personal bankruptcy affect the extensive margin on entrepreneurial choice,

and Athreya et al. [2009] look at the individual trade-off between insurance

through limited liability and costly financing. Neither paper, however, allows

the entrepreneur to incorporate and receive full limited liability.

To our knowledge, the paper that comes closest to allowing for an incor-

poration decision is Herranz et al. [2009]. While not giving entrepreneurs the

option of incorporating, they point out that less risk averse entrepreneurs,

because they operate larger more risky projects and therefore would gain the

most from limited liability, are those who would most likely incorporate if

given the option. We differ from them in that we explicitly have the decision

to incorporate, and we stay more loyal to the conventions of the literature on

entrepreneurs.

The rest of the paper is organized as follows: Section 2 documents the im-

portant differences between unincorporated and incorporated entrepreneurs,

and provides evidence supporting the specific margins in the model. Sections

3 through 6 develop a quantitative model of occupational choice, choice of legal

form of business and default decisions, which respects the U.S. legal framework
6



of incorporation and bankruptcy. Section 7 describes the calibration proce-

dure. Section 8 uses the calibrated model to assess the value of limited liability

by performing policy experiments on bankruptcy exemptions and direct costs

of incorporation. Section 9 summarizes the results and concludes.

1.2. Data.

We study the characteristics of owners and businesses using the Survey of

Small Business Finances (SSBF) and the Survey of Consumer Finances (SCF).

The SSBF provides information about a nationally representative sample of

non-financial, non-farm, non-subsidiary businesses with fewer than 500 em-

ployees. We focus primarily on the 2003 survey, which contains information

from a sample of 4,420 businesses, which represent 6.3 million small businesses

in the United States.

Since we focus only on how limited liability affects the decision to incor-

porate, we further restrict the sample to businesses in which there is a single

owner who owns and operates the business. Therefore, for the purpose of this

paper we define an entrepreneur as an individual who owns a business and

has an active management role in that business. Incorporated entrepreneurs

are entrepreneurs who have undertaken a costly legal procedure to establish

their business as a separate legal entity, thereby creating a legal separation of

business and personal assets (i.e. limited liability). The restriction to solely

owned businesses mitigates the influence of financial benefits, such as issuing

equity, which might lead individuals to incorporate above and beyond access

to limited liability. As a result of this restriction the sample size is reduced to

1,846 firms, of which 37% are incorporated.

1.2.1. Legal Differences and Costs.

Unincorporated entrepreneurs are individuals operating sole-proprietorships;

a business structure in which the individual and business are considered a legal

entity for both tax and liability purposes, that is the owner is inseparable from
7



the business and is liable for any business debts. In contrast, incorporated en-

trepreneurs are individuals operating corporations3, which are separate legal

entities. There are three distinct characteristics of a corporation: (i) Legal ex-

istence - a corporation can own property, enter into contracts, can bring suits

against others and be sued by them. (ii) Limited liability - owners liability

is limited to the value of their investment in the corporation. (iii) Continued

existence - the corporations’ existence is not limited to that of its owners.

The cost of incorporation can be significant; the direct costs of state fees and

franchise taxes range from $1, 050 to $1, 450 depending on the state in which

the entrepreneur incorporates4. In addition to these taxes and fees, there

are initial costs associated with the necessary accounting and legal paperwork

(tax filing, articles of incorporation, bylaws, etc.) involved in establishing the

corporation. Estimates of these costs range from $500 to $5, 0005. The Small

Business Administration (SBA) estimates yearly time and financial costs of tax

filing for home-based corporations to be approximately $3, 250 (approximately

3.5 times larger than unincorporated home-based businesses). To give a sense

of the magnitude, these direct costs are upwards of 10.2% of 2003 median

earnings in the U.S.

1.2.2. Limited Liability and Bankruptcy.

Given the inherent riskiness of operating a business, entrepreneurs must

consider their position in the contingency that the business fails. In partic-

ular, as Meh and Terajima [2008] and Sullivan et al. [1999] document, these

businesses can often fail with large amounts of debt. The extent to which

the entrepreneur is liable for these debts is a first order concern. State and

Federal bankruptcy law stipulates certain exemptions on personal wealth, the

largest being the homestead exemption; these exemption levels vary widely

across states. Using the variation in homestead exemptions across states, Fan

3This includes both subchapter S and C corporations. In our sample the majority (73%) of
the incorporated entrepreneurs are S corporations.
4Bebchuk and Cohen [2003] find that firms display a substantial home-state preference when
incorporating.
5Estimates of the administrative (accounting and legal) are provided by allbusiness.com, a
subsidiary of Dunn and Bradstreet Company.
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and White [2003] examine how homestead exemptions affect the decision for

families to become entrepreneurs. They find the probability of homeowners

owning a business is 35% higher in states with unlimited homestead exemp-

tions. Suggesting that limited liability is an important consideration when

individuals are deciding whether to operate a business.

Not only do bankruptcy exemptions influence the decision to own a busi-

ness; once an individual is operating a business, these exemptions will affect

the bankruptcy choice of the entrepreneur. Agarwal et al. [2005] use panel

data on 43,000 small business credit card holder over a two year period to

estimate a proportional hazard model to measure the impact of bankruptcy

exemption laws on the likelihood of bankruptcy. They find that an increase

of $10, 000 in homestead exemptions increases the likelihood of small business

owners declaring bankruptcy by 8%; and, $1, 000 increase in personal property

exemptions increases the risk of bankruptcy by 4%. In a related study, Agar-

wal et al. [2003] find that bankruptcy exemptions are also positively related

to individuals decisions to declare bankruptcy.

Lawless and Warren [2005] estimate that 17.4% of bankruptcy filings in

2003 involve the failure of a business6. Since entrepreneurs are only 12.4%7

of the population, they are over-represented in bankruptcy filings. Businesses

may file bankruptcy for a variety of reasons, and knowing the source of these

bankruptcies is important in guiding modeling choices about the type of shocks

that entrepreneurs face. Sullivan et al. [1999] survey a sample of non-farm

businesses which filed bankruptcy in 1994 to determine the causes of bank-

ruptcy. They find that the most common reasons given for bankruptcy where

associated with business conditions; such as new competition, a bad location,

mismanagement of business and inability to collect accounts receivables. In

particular, they find that 11.4% of businesses report a pending legal action,

such as a lawsuit, as the reason for filing. In addition, Dunn and Bradstreet

report that 6.0% of business failures in 1994 resulted from disasters, such as .

6The 17.4% includes businesses with single and multiple owners.
7SCF 2004
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1.2.3. Aggregate.

Output

Using data from the Internal Revenue Service, we construct private non-

farm GDP by computing the value-added for businesses across four groups: (i)

sole-proprietors (ii) partnerships (iii) incorporated entrepreneurs (single owner

corporations) and (iv) multiple shareholder corporation. Not surprisingly, we

find that corporations with multiple shareholders (corporate sector) produce

70% of private non-farm GDP. Sole-proprietors produce 8%, and incorporated

entrepreneurs another 10%. The remaining portion, 12%, is produced by part-

nerships. Together, single-owner businesses produce 18% of private non-farm

GDP. In addition, we find that for young businesses (under 5 years) about 3%

of sole-proprietors incorporate their business (i.e. transition to incorporated

entrepreneurs). This percent falls over the age of the business. Considering

the contribution to GDP, the stark legal differences and position in the transi-

tion between entrepreneur and corporate sector, we find it surprising that the

literature has largely ignored incorporated entrepreneurs, either pooling them

with sole-proprietors or large corporations.

Damages

The operation of businesses can often negatively impact third parties; for

example, faulty wiring in pacemakers or use of lead based paint or asbestos.

In 2003, aggregate tort costs for small businesses were 6% of total small busi-

ness output; roughly one-third of these costs are uninsured8. These tort costs

consist of (i) payments to third parties (settlements) (ii) defense costs (iii)

administrative expenses. Comparing the tort costs of small businesses to the

aggregate tort costs of the U.S., which are 1.5% of total output of all busi-

nesses, suggests that small businesses are particularly damaging. The Bureau

of Justice Statistics reports that for 2001, 31% of all tort trials involved a

8Towers Perrin, a consulting firm, provides estimates of aggregate tort costs for the U.S. in
their annual report.
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business defendant (only 3% of tort trials involved a business plaintiff). Liti-

gation can be very costly for businesses; the median final damage awards for

tort trials involving business defendants was approximately $75, 000 in 2001.

In addition, the median length from filing to judgment for tort litigation is 22

months; for product liability cases, the median is 29 months.

1.2.4. Cross-Section.

We now focus on the cross-sectional differences between unincorporated and

incorporated entrepreneurs. We find that incorporated entrepreneurs differ

significantly from their unincorporated peers in three dimensions: (i) size of

their business (ii) accumulated wealth (iii) interest rates on external financing.

In regards to the business operations of incorporated entrepreneurs relative

to unincorporated, table 1 provides details on how they differ. Specifically,

we look at size by sales, profits, assets, equity, and employment. We see that

the single-owner incorporated businesses are considerably larger across all of

these measures. In particular, they exhibit higher sales (by a factor of seven),

they are 2.6 times as profitable and on average employ three times as many

employees as sole-proprietorships. In addition, these businesses have over three

times as much assets and twice as much net equity.

Table 1. Firm Characteristics by Legal Form

UE IE
Firm Age 15.1 13.6
Sales (000s) 181 1,264
Profits 68 176
Assets 124 438
Equity 87 171
Employees
–Total 3.0 9.6

In addition to operating larger businesses, incorporate entrepreneurs accu-

mulate greater levels of wealth. Table 2 provides the mean net worth and

income by legal form of business. Incorporated entrepreneurs have a wealth

to income ratio 40% times greater than the unincorporated entrepreneur.
11



Table 2. Mean Net Worth and Income by Legal Form

UE IE
- Net Worth 753 2,741
- Income 91 224

Wealth to Income Ratios
UE IE

- Net Worth/Income 8.29 12.24

Source: SCF 2003

Interestingly unincorporated and incorporated entrepreneurs do not differ

significantly in their demographics. Table 3 provides a demographic compari-

son of the owners. We find that IE are somewhat more likely to have a college

degree, whereas experience and age are approximately equal. This suggests

that differences within the firm are a consequence of the legal form, rather

than specific attributes of the owner.

Table 3. Demographics of Owners by Legal Form

Education
U I

- share with associate degree or higher 0.59 0.62
Experience and Age

U I
- ave. years of experience 19.0 19.5
- ave. age of owners 51.7 50.7

Lastly, we look at the different interest rates that these entrepreneurs face.

We find that the unconditional interest rates for incorporated entrepreneurs are

lower than for unincorporated. However, if we condition on a characteristics of

the firm, loan and owner; we find that incorporated entrepreneurs pay higher

interest rates. In particular, the interest rate premium for business loans is

0.40 percentage points, and for credit cards the premium is 0.79 percentage

points. Table 4 contains these findings.

The difference in conditional interest rates is found by regressing the inter-

est rate on the most recent loan that the firm received on a host of control

variables, and the full regression results can be found in tables 14 and 15. A
12



Table 4. Interest Rates by Legal Form

UE IE
Unconditional Interest Rates 7.0 6.3

UE IE
Conditional Interest Rates

- business loans - +0.40 (0.19)
- business credit cards - +0.79 (0.23)

complete discussion of the control variables that are included is provided in

the appendix.

In the model, this interest rate premium will be determined endogenously.

In particular, our theory suggests that this interest rate premium paid by

incorporated entrepreneurs results from a contraction in the supply of credit

associated with incorporation. In a perfectly competitive banking industry,

banks make zero expected profits on each loan. The interest rate charged is

thus a function of (1) the risk of the entrepreneur defaulting on the loan and

(2) the fraction of the loan that the bank can recover upon default. We expect

an increase in (1) to be associated with an increase in the interest rate, and just

the opposite for (2). Thus, limited liability induces entrepreneurs to default

more frequently and reduces the amount of assets the bank can recover in the

event of default leading to higher interest rates for incorporated businesses.

On the demand side, the protection provided by limited liability means that

at a given interest rate, an entrepreneur will demand a greater amount of debt

upon incorporation. Therefore, if we observe a fall in the amount of debt a

business has upon incorporation, this provides evidence that supply contracts

upon incorporation, supporting our theory. We test for this evidence using

panel data on firms from the Kauffmann Firm Survey (KFS).

Formally, we are interested in the estimation of the simultaneous system of

supply and demand for debt and the shift effect of incorporation on these two

curves. A linear specification of this problem is standard:

di,t = β1oi,t + β2ri,t + β3πi,t + β4Ai,t + β5di,t−1 + βXi + εi,t(1.1)

ri,t = α1oi,t + α2di,t + α3πi,t + α4Ai,t + αXi + ηi,t(1.2)
13



Where d is debt, o is legal status of business, r is interest rate, π is profit,

A is assets, X is a vector of observable and unobservable traits that do not

change over time, and (ε, η) are errors that are uncorrelated with regressors

from their equations.

We do not have information on the interest rates in the KFS, and therefore

estimating the above model is impossible. However, we are really interested

in the sign of β1. Fortunately, under reasonable assumptions on α1, α2, and

β2, specifically that incorporation increases demand and that the supply and

demand curves have the “correct” slopes, we can test whether β1 > 0 from the

reduced form:

(1.3) di,t =
β1 + β2α1

1− β2α2

oi,t + β̃3πi,t + β̃4Ai,t + β5di,t−1 + β̃Xi + νi,t

Where coefficients of form β̃ are found via algebra and are uninteresting

to us. Now, we still have the issue of unobserved X variables possibly being

correlated with o, so we take differences to get:

(1.4) ∆di,t =
β1 + β2α1

1− β2α2

∆oi,t + β̃3∆πi,t + β̃4∆Ai,t + β5∆di,t−1 + ∆νi,t

So, if we assume that limited liability increases loan demand (β1 > 0) as

well as downward sloping demand and upward sloping supply curves (β2 < 0

and α2 > 0) then an estimate of a negative coefficient on the change in legal

status implies an estimate of α1 > 0.

Since we do not have the continuous variables available in the public release

of the KFS, we reformulate the model as a discrete choice of whether or not to

increase bank debts. We estimate a logit model on the odds of an entrepreneur

decreasing their bank debt of the form:

odds of d̂i,t+1 ≤ d̂i,t =
ezi,t+1

1 + ezi,t+1

and

zi,t+1 = γ0+γ1∆oi,t+1+γ2d̂i,t+γ3Âi,t+γ4Â
↑
i,t+1+γ5Â

↓
i,t+1+γ6π̂i,t+γ7π̂

↑
i,t+1+γ8π̂

↓
i,t+1
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Where hat variables are the categorical versions of their continuous coun-

terparts and superscripted up or down arrows indicate whether or not the

variable moved up a category or down a category. For each age, we restrict

attention to those entrepreneurs who start that year unincorporated, and so

∆oi,t+1 takes value zero if the business remains unincorporated and value 1 if

it becomes incorporated.

We find that incorporating significantly increases the probability that an

entrepreneur reduces her level of bank debt between each age of the business.

The estimates are in table 1.2.4.

Estimation Results

Age Coeff on Incorp P-Value

0 1.38 0.9%

1 2.05 0.5%

2 1.26 13.5%

We therefore find evidence in favor of the limited liability default risk theory

of incorporation using the publicly available KFS. Estimates indicate that, for

each age, incorporation increases the odds of an entrepreneur decreasing or

maintaining her bank debt. Furthermore, for the first two years of existence

these estimates are significant at the 1% level.

1.3. Theory.

There is a unit measure of households in the economy. In each period

households decide whether to operate a risky entrepreneurial project or to in-

elastically supply their labor to the market. In addition to the households’

occupational choice, upon deciding to operate the entrepreneurial project the

household must choose the projects legal form, unincorporated or incorpo-

rated. The latter requires a one time fix cost and provides limited liability

in the case of bankruptcy. Finally, upon realization of idiosyncratic shocks to

the entrepreneurial project, the entrepreneur decides whether to unilaterally

default on debt obligations.

1.3.1. Preferences.
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Households receive utility from consumption and maximize the expected

lifetime utility:

E0{
∞∑
t=o

βtu(ct)}

and discount the future at rate β. The utility function, u(ct), is assumed to

be continuous, strictly concave and satisfy limc→∞ u
′(c) = 0 and limc→0 u

′(c) =

∞.

1.3.2. Endowments.

Households are endowed with 1 unit of labor, which they either supply to

the market and receive wage, w, or used in their entrepreneurial project. In

addition to labor, the household is endowed with an entrepreneurial project,

denoted by z ∈ Z, which governs the average and marginal returns on capital

(modeled as Lucas’s “span of control”) invested in the project as specified be-

low. The project quality, z, follows a first-order Markov process with transition

matrix, Γ(z′|z).

1.3.3. Technology.

As in Quadrini (2000), we model production in two sectors both producing

a homogeneous good. The first sector comprises smaller units of production

operated by individual entrepreneurs, which face uninsurable idiosyncratic risk

and face individual-specific prices on debt, specifics of these contracts are de-

scribed below. The second, corporate, sector consists of large firms which can

borrow and invest capital at the exogenous interest rate r̄. In addition to the

financial differences, these two sectors differ in the technologies.

Entrepreneurial Technology

If a household decides to implement their entrepreneurial project, they

choose a level of capital input k > 0. It is important to note that if a house-

hold chooses capital input k = 0, then she is considered a worker, receives

wage w and is not exposed to any risk associated with operating a business. If

the household implements a positive level of capital, then they receive revenue
16



plus undepreciated capital given by:

y(z, k, η) = z · kν + (1− δ − η)k 0 < ν < 1

where η is an idiosyncratic capital embodied shock which is unknown at the

time of the investment decision. The shock η is independent over time and

individuals and has a two parameter cdf H(η) with mean µη and variance σ2
η.

The specification of the capital shock has the important feature that addi-

tional investment in capital does not provide insurance from the downside risk

of the business; that is, the entrepreneur can not accumulate her way out of

risk. This feature is crucial in matching the cross sectional feature of the data.

In a model without investment risk, the largest and wealthiest entrepreneurs

can insure themselves against productivity/demand risk and therefore would

not value the insurance provided by incorporation, counter to the data. No-

tice that the technology does not depend on the legal form of the entrepreneur.

Corporate Technology

The technology in the corporate sector is given by a standard constant

returns to scale technology:

F (Kc, Nc) = Kα
c N

1−α
c

where Kc and Nc are the capital and labor inputs, respectively. Corporate

sector capital depreciates deterministically at rate δ.

1.3.4. Financial Intermediation.

The financial intermediation sector consists of a large number of banks

that price loans competitively. Households can save, a ≥ 0, at the exoge-

nous risk free rate r̄. The price financial intermediaries charge on debt are

individual-specific, as in Chatterjee et al. [2007] and Livshits et al. [2007].

That is, intermediaries can observe the households savings, capital, debt (S =

(a, k,D) ∈ R3
+), current period project quality and the legal form of the busi-

ness, n ∈ {U, I}.
17



When an entrepreneur purchases a loan value of D at price qn(S, z), the bank

must borrow qn(S, z)·D at the risk free interest rate 1+ r̄. Hence, making such

a loan costs the bank (1+ r̄)·qn(S, z)·D. The bank expects to get receipts of D

in the event that the entrepreneur does not default, which occurs if η ∈ B(S, z)

which occurs with probability Ωn(S, z). If default occurs, which happens with

probability 1 − Ωn(S, z), then the bank receives liquidation value Φn(S, z, η).

The zero profit condition for a loan contract indexed by (S, z, n) is therefore:

(1 + r) · qn(S, z) ·D = Ωn(S, z) ·D + (1−Ωn(S, z)) · E[Φn(S, z, η)|η ∈ B(S, z)]

Differences in the interest rates for unincorporated and incorporated en-

trepreneurs will emerge through two channels, the probability of default,

Ωn(S, z), and the recoverable amount in bankruptcy. We impose structure on

the Φ function in accordance with bankruptcy law and explore the properties

that this equation imposes on interest rates below.

1.3.5. Involuntary Claims on Entrepreneurial Resources.

Our specification of η leaves open the interpretation of what happens to the

resources when an entrepreneur experiences the shock. Specifically, motivated

by the reasons for entrepreneurial default discussed above, we will assume that

some fraction λ of this shock is due to damages caused to third parties by the

entrepreneur’s actions. We model it as a constant amount of damages incurred

by each household in the economy, with payments to cover these damages

received after financial intermediaries recover resources. The net transfer,

which includes incorporation fees, damages and payments, appear in each

household’s budget constraint as T and will be defined in equilibrium. They

will depend on the number of entrepreneurs in the economy, the bankruptcy

decisions of the entrepreneurs, and the incorporation rate.

1.4. Individual Decisions.

1.4.1. Timing.

A household enters the period with resources R, historical project quality
18



z, legal form n, and a flag b for whether or not they filed bankruptcy in

the previous period. The legal form is held regardless of whether or not the

household installs capital, so that the incorporation status is maintained even

during periods as a worker. The first decision is then whether or not to operate

a business as an entrepreneur, or to be a worker and receive the market wage.

If the household elects to operate a business, then they must decide what

legal form to operate under. A previously unincorporated household must pay

legal and administrative fees, f, in order to become incorporated, whereas a

previously incorporated household can operate as either legal form without

incurring these costs. The incorporation decision will determine which pricing

function for debt that the household faces.

The household must then decide how to allocate the available resources.

An unincorporated entrepreneur chooses between consumption, capital, and

personal assets, as well as how much to borrow. Note that, with bankruptcy

exemptions as exist in most states, personal assets and debt must be accounted

for separately even for unincorporated entrepreneurs. If the entrepreneur is

incorporated, then they instead have two distinct choices. On the personal side

they choose between consumption, savings, and how much equity to inject into

the business. On the business side, they decide how much capital to install,

with anything beyond their own equity being financed via debt.

After capital is installed, a new value of z is realized and production occurs.

In the process of production the η shock is realized. At this point, given the

gross return on capital, the entrepreneur must decide whether or not to file

for bankruptcy. For an unincorporated entrepreneur, bankruptcy entails a

complete seizure of all business and personal assets up to the exemption level.

In addition, they will carry the bankruptcy flag into the next period and be

excluded from financial markets, a consequence of which is that they have to

be a worker for one period. For an incorporated entrepreneur only business

assets are seized. They also lose their incorporation status, but they enter

the next period without the bankruptcy flag, thereby maintaining access to

financial markets.

The timing is illustrated in figure 1:
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Figure 1. Timing

1.4.2. Decision Problem.

We describe the household decision problems recursively. Consider first the

problem of an unincorporated household which filed for bankruptcy in the

previous period. The household cannot access financial markets, and so must

consume whatever is on hand. They enter the next period with zero resources

and a fresh start without the bankruptcy flag:

V U(R, z, 1) = u(R + w + T ) + β
∑
z′

Γ(z′|z)V U(0, z′, 0)

Which brings us to the unincorporated entrepreneur who remained solvent

in the previous period. For convenience, we define two intermediate problems

conditional upon whether or not the entrepreneur decides to incorporate. If

they remain unincorporated, then they face qU , but in the event of bankruptcy

are left with only an exemption level of assets, given by the function χ(a).

V̂ U(R, z) = max
c,S,b(·)

u(c) + ...

β

∫ η̄

η

∑
z′

(
b(z′, η)V U(χ(a), z′, 1) + (1− b(z′, η))V U(R′, z′, 0)

)
Γ(z′|z)dH(η)

s.t.

R = c+
a

1 + r̄
− qU(S, z)D + T

R′ = z′kν + (1− δ − η)k + a−D

If a previously unincorporated entrepreneur incorporates then they pay a

fixed cost, face the price function qI , and keep the entirety of personal assets

in bankruptcy.
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V̂ I(R, z) = max
c,S,b(·)

u(c) + ...

β

∫ η̄

η

∑
z′

(
b(z′, η)V U(a, z′, 0) + (1− b(z′, η))V I(R′, z′)

)
Γ(z′|z)dH(η)

s.t.

R = c+
a

1 + r̄
− qI(S, z)D + T + f

R′ = (z′)kν + (1− δ − η)k + a−D

Using these intermediate value functions allows us to write the final function

as the max over remaining unincorporated or incorporating. It is:

V U(R, z, 0) = max
n∈{U,I}

V̂ n(R, z)

The incorporated entrepreneur has similar intermediate value functions,

with the exception that they do not pay the fixed cost f if they choose to

remain incorporated. The problems are similar enough that we omit them

here.

The value functions have been defined assuming a solution. We now state

the proposition that this is a valid assumption, with the proof forthcoming

using standard techniques from dynamic programming.

Proposition 1.1. Given pricing functions and an exemption function χ, there

exists a unique couplet of value functions V U , V I that solve the above prob-

lems. These functions are increasing in R and z, and have the property that

V I(R, z) ≥ V U(R, z) for all (R, z) (> if the support of η is unbounded above).

Furthermore, the policies that attain the maximum values of the Bellman equa-

tions are compact, upper hemi-continuous correspondences. In addition, if the

utility from zero consumption is assumed small enough and w + T > 0 then

consumption will always be strictly positive, since default is always feasible.

Full proofs of the existence and uniqueness of the value functions, along with

the properties of the policy correspondences, are forthcoming but involve stan-

dard dynamic programming techniques. The interesting result in proposition ?
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is that it is always better to enter a period incorporated. The reason for this is

straight forward. The unincorporated value cannot be strictly higher, because

the incorporated entrepreneur can costlessly unincorporate and attain the ex-

act same value. Hence, V I ≥ V U . Suppose instead that the unincorporated

entrepreneur would file bankruptcy at this state (such a state is guaranteed by

the assumption that η can take arbitrarily high values). If a = χ(a) then, by

also filing, the incorporated attains exactly the same value. If instead a > χ(a)

then the incorporated entrepreneur must be strictly better off. This is because

she retains at least as much of her assets (such an a exists by the assumption

that dχ
da
< 1) and also retains the ability to save. In short, because the incorpo-

rated entrepreneur can always at least mimic the unincorporated entrepreneur

and faces a more favorable future when filing for bankruptcy, limited liability

gives rise to a positive value of incorporation.

1.5. Equilibrium.

We are now ready to define equilibrium given exemption functions χ,

(Φn)n∈{U,I}. For this economy, a stationary recursive competitive equilibrium

consists of:

(1) Value functions as described in the household problems.

(2) Policies:

• gS = (ga, gk, gD) : R× Z× {U, I} → S = {(a, k,D) ∈ R3
+}

• gn : R× Z× {U, I} → {U, I}
• gb : R× {U, I} × S× Z→ {0, 1}

(3) Solvency function: Ω : S× Z× {U, I} → [0, 1]

(4) Pricing functions: q : S× Z× {U, I} →
[
0, 1

1+r

]
(5) A stationary distribution: ψ : R+ × Z × {U, I} × {0, 1} → R+ × Z ×
{U, I} × {0, 1}

(6) Net transfers: T

(7) Wage: w

(8) Labor and capital in corporate sector: Nc, Kc

Equilibrium requires that the policies attain the values of the value functions

taking pricing functions and exemptions as given. The solvency function is
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generated by the bankruptcy policy according to the condition:

Ωn(S, z) =

∫ η̄

η

∑
z′

(1− gnb (η, S, z)) Γ(z′|z)dH(η)

Pricing functions must solve the intermediary zero profit condition given the

above solvency functions and the recovery functions Φ.

The stationary distribution is intuitive. We must first map the true states,

(R, z, n), to the choice of legal form and allocation of resources across busi-

ness and personal accounts in the current period. The gS and gn functions

accomplish this. We then have to integrate over η and z′ to get the flows into

bankruptcy, and then final resources, legal form, and bankruptcy flag at the

end of the period.

ψ(R′, z′, n′, b′) =

∫
R,z,η

∑
n,b

I{(R′,n′,b′)′∈g(S,z,η,n,b)}dΓ(z′|z)dH(η)ψ(dR, dz, n, b)

Using the stationary distribution we can define the components of net trans-

fers. Denoting Eψ as the average over the stationary distribution gives:

Td = Eψ[gnk (S, z)

∫ η̄

η

λ · ηdH(η)]

Tp = Eψ,z′,η[(1− gnb (η, S, z′))ληgnk (S, z) +

gnb (η, S, z′) max(0, y(z′, k, η) + (1− n)(a− χ(a))− Φn(S, z′, η))]

Tf = Eψ[I{gUn (S,z)=I}]

The formula for Td just says that if each unit of entrepreneurial capital causes

on average λ × η units of negligent damages, then the total such damages is

the sum of these damages over all entrepreneurs. The formula for the paid

damages, Tp, says that if an entrepreneur doesn’t file for bankruptcy then she

pays the entire damage caused, whereas if she files for bankruptcy then the

only payments made are those less than the remaining resources in the business

after exemptions and bank’s recovery. Lastly, Tf is the amount of fees paid by

the unincorporated entrepreneurs who incorporate.

Notice two things about these transfers. First, Td is increasing in the fraction

of entrepreneurs. Second, Tp is decreasing in the incorporation rate, in so far
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as incorporated entrepreneurs file for bankruptcy more and are able to protect

personal savings from seizure.

The corporate sector faces the exogenous risk free rate r̄. Hence, Kc =

Nc

(
αcAc
δ+r̄

) 1
1−αc . The labor utilized in the corporate sectors is just the measure

of households not operating businesses:

Nc = 1− Eψ[I{gnk (S,z)>0}]

Thus we can normalize the wage to 1 by choosing Ac correctly. We therefore

measure everything in average wage units.

1.6. Characterization.

At this point we do not have a full proof of existence, although we can com-

pute equilibria readily. We believe that we can get a general proof following

the strategies in Chatterjee et al. [2007]. Existence boils down to getting a

fixed point for the correspondence that maps the space of cross-sectional dis-

tributions and prices into itself. An important obstacle in way of doing so is

the discrete choice of whether or not to file for bankruptcy, which can create

discontinuities of the stationary distribution with respect to the debt prices.

1.7. Calibration.

1.7.1. Households.

We assume households’ period utility function is of the form

u(ct) =
c1−σ

1− σ
,

and assume the risk aversion coefficient σ to be 1.5. We also assume that the

discount factor β to be 0.96. These values are taken from Cagetti and De

Nardi (2006) and are in the range of those typically used.

For the baseline model, we assume that there are three possible values for

project quality, {z0, z1, z2} with transition matrix Γz. We assume that the

lowest project quality is z0 = 0 (i.e. no project). Furthermore, we restrict the

transition matrix to be of the following form:
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Γz =

 γ0 1− γ0 0

1− γ1 − γ12 γ1 γ12

1− γ2 0 γ2


We make the assumption of three productivity levels to allow for the possibil-

ity of positive selection that we observe in the cross-section of unincorporated

and incorporated entrepreneurs. We therefore need to have two positive val-

ues of the project quality in order to allow for such a phenomenon. We follow

Quadrini by assuming the ladder structure of the transition matrix, with the

exception that we allow for the lower quality project to fall to zero with some

probability. We calibrate these parameters by targeting the cross-sectional dif-

ferences in output, interest rates and wealth to incomes of unincorporated and

incorporated entrepreneurs, as well as aggregate entrepreneur share of output,

fraction of entrepreneurs and bankruptcy and incorporation rates.

1.7.2. Technology.

Corporate Technology

The corporate sector is represented by a constant returns to scale technology

of the form F (K,N) = AcK
α
c N

1−α
c . We set the capital income share parame-

ter α to be .33, and choose A to normalize the wage to 1.

Entrepreneurial Technology

For the entrepreneurial technology, we need to choose the decreasing returns

parameter, ν. Cagetti and De Nardi [2006] calibrate the capital income share

in a model where entrepreneurial technology uses both capital and labor. How-

ever, assuming labor is hired in spot markets, there is a one to one mapping

between their parameters. Therefore, we use their calibrated values, and set

ν to be 0.7089.

Lastly, following standard business cycle literature, we set the depreciation

rate δ to be 0.068.

9See the appendix for details.
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1.7.3. Financial Intermediation.

We will assume that the losses associated with η are covered before debt is

repaid to banks. Therefore, the recoverable amount, Φ, is given by

ΦU(S, z, η) = min{D,max{z · f(k) + (1− δ)k − η · k + (a− ξ(a)), 0}},

for unincorporated entrepreneurs, and

ΦI(S, z, η) = min{D,max{z · f(k) + (1− δ)k − η · k, 0}}

for incorporated entrepreneurs. The assumption on the order of payment

implies that all risk in the economy will be priced by financial intermediaries.

McGrattan et al. [2000] estimate the average return on capital to be 4%,

therefore set the risk-free rate, r̄, to be 4%.

1.7.4. Bankruptcy.

The U.S. bankruptcy laws impose the following functional form for the ex-

emption function:

ξ(a) = min{ξ, a}.

Following Meh and Terajima [2008], we use a weighted average of state home-

stead and personal bankruptcy exemptions to calibrate the the exemption

level ξ. To calibrate the fixed cost of incorporation, f , we target the fraction

of incorporated entrepreneurs, 3.1%.

1.7.5. Business Shocks.

For calibration, we will interpret the capital shocks as disasters in which

the capital is lost. We will restrict the distribution to have support {0, η̄};
therefore, we have two parameters to calibrate, η̄, the severity of the disaster

and, pη, the probability of a disaster occurring. In addition, since the capital

is destroyed, we will assume λ = 0 and there will be no transfers associated

with the capital shocks. We target the bankruptcy rate of entrepreneurs and

the fraction of bankruptcies resulting from disaster reported by Dunn and

Bradstreet.
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Table 5. Calibrated Parameters

Parameters Values
Fixed Parameters
σ relative risk aversion 2.0
β discount rate 0.96
α capital income share (corporate) 0.33
ν returns to scale (entrepreneur) 0.71
δ depreciation rate 0.068
r̄ risk free rate 0.04
ξ bankruptcy exemption 0.15
Calibrated Parameters
z1 project scale 0.34
z2 project scale 0.45
γ0 persistence of no project, z0 0.989
γ1 persistence of z1 0.969
γ12 Γ(z2|z1) 0.02
γ2 persistence of z2 0.99
f fixed cost of incorporation 3.35
pη probability of η̄ 0.01
η̄ capital shock 1.00

Table 6. Targeted Moments

Moment Values
Cross-Sectional Moments

Wealth to Incomes
Unincorporated 8.30
Incorporated 12.20

Ratio of IE to UE Output 6.98
Unconditional Interest Rate

Unincorporated 7.00
Aggregate Moments

Fraction of Entrepreneurs 0.083
Fraction of Incorporated Entrepreneurs 0.031
Entrepreneur Share of Output 0.180
Entrepreneur Bankruptcy Rate 0.023
Incorporation Rate 0.01
Bankruptcies due to Disaster 0.063
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1.7.6. Benchmark Results.

Table 7 present the current calibration of the model. While the fit is cur-

rently being improved, the current calibration captures many of the features

in the data. In particular, the positive selection of higher productivity en-

trepreneurs into incorporation. In the benchmark model, incorporated en-

trepreneurs have larger businesses and accumulate greater wealth. In addition,

table 8 shows the unconditional interest rates in the benchmark model. The

unconditional interest rate for incorporated entrepreneurs, which we did not

target in the calibration, is lower than the unincorporated, as it is in the data.

Table 7. Baseline Economy

Moment Data Model
Cross-Sectional Moments

Wealth to Incomes
Unincorporated 8.30 6.33
Incorporated 12.20 12.41

Ratio of IE to UE Output 6.98 4.14
Unconditional Interest Rate

Unincorporated 7.00 7.31
Aggregate Moments

Fraction of Entrepreneurs 0.083 0.089
Fraction of Incorporated Entrepreneurs 0.031 0.022
Entrepreneur Share of Output 0.180 0.325
Entrepreneur Bankruptcy Rate 0.023 0.005
Incorporation Rate 0.009 0.010
Bankruptcies due to Disaster 0.063 0.043

Table 8. Interest Rates by Legal Form

UE IE
Unconditional Interest Rates 7.3 7.2
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1.8. Investment Risk and Consumption.

We use the model to measure the importance of the investment risk and the

value of incorporation to the entrepreneurs. We do this by following Lucas

[1987] and Storesletten et al. [2001], and measure the risk and value of incor-

poration by comparing the welfare across alternative economies.

How much investment risk?

Consider two economies, one in which the entrepreneur faces both the out-

put risk from movements in z and the investment risk, η; and the the other

an economy in which the entrepreneur faces only the output risk from z. In

both economies, the entrepreneurs has the option to incorporate their busi-

ness. We calculate the annual % increase in consumption required to make an

entrepreneur indifferent between starting her business in the presence of the

investment risk and in a world with none. Let Vstart-up(·) denote the value func-

tion for an individual enters the period as a worker and installs capital for the

following period (i.e. becomes an entrepreneur this period). Furthermore, let

V η
start-up(·) denote the start-up value in the economy with the investment risk,

η, and V 0
start-up(·), the start-up value in the economy with no investment risk.

We compute the necessary adjustment to consumption in the economy with

the investment risk, ρ, which equates the average utility in the two economies:

Eψ[
(
V η

start-up(R, z)− V 0
start-up(R, z)

)
I{gnk (S,z)>0|k=0}] = 0

Note that an individual who would start a business in the economy with

investment risk, would also do so in the economy without investment risk.

Therefore, we average over the stationary distribution in the economy with

investment risk. We find that that the entrepreneur would require an addi-

tional 5.9% of consumption annually in order to make her indifferent. This

suggests that investment risk is a large source of risk for entrepreneurs. Using

2003 U.S. per capita consumption, in absolute terms, 5.6% of consumption is

approximately $1, 600 per year. In comparison, Lucas [1987] finds that the
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welfare gains from eliminating business cycles amounts to less than a fraction

of a percent of consumption annually. Similarly, Storesletten et al. [2001] con-

sider the welfare gains from eliminating idiosyncratic labor income risk and

find that the necessary adjustment to consumption is 1.17% annually.

How much insurance is provided by limited liability?

We perform a similar exercise to measure the value of limited liability to

entrepreneurs. Consider two economies, one in which the entrepreneur has

the option to incorporate her business, and in the other economy, the en-

trepreneur can not incorporate. In both economies, the entrepreneur faces

the output and investment risks. We again focus on the start-up value of

a business for new entrepreneurs. We compute the annual consumption an

entrepreneur would demand at start-up in response to eliminating the abil-

ity to incorporate. Since more individuals start businesses in the economy

where they can incorporate, we average over the stationary distribution of the

economy without incorporation. Thus, our calculation ignores the extensive

margin associated with allowing for incorporation, and is a lower bound on

the consumption equivalent value of limited liability. We find the required

additional annually consumption from eliminating incorporation to be 0.81%.

1.9. Policy.

We use the model to conduct two policy experiments that are relevant to

many actual legal changes made in the last twenty years. We first ask what

happens when incorporation becomes cheaper. Since the only form of incorpo-

ration in our model has pass-through income, this resembles the introduction

of recent legal forms such as Limited Liability Corporations, as well as be-

stowing more and more benefits to S-Corporations that were once reserved for

C-Corporations. In particular, we reduce the fixed costs by 50% and find that

this reduction increase aggregate income of 0.5%, but also increases income

and wealth inequality. However, we find that the fraction of entrepreneurs

does not change very much. We believe that this is a result of the coarseness

of our grid when solving the model. The effects of lowering the fixed costs are

in Table 9.
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Table 9. 50% Reduction in Fixed Costs

Moment Baseline Lower f
Cross-Sectional Moments

Wealth to Incomes
Unincorporated 3.85 1.71
Incorporated 7.12 6.67

Ratio of IE to UE Output 2.52 2.04
Unconditional Interest Rate

Unincorporated 14.53 14.75
Aggregate Moments

Fraction of Entrepreneurs 0.159 0.159
Fraction of Incorporated Entrepreneurs 0.081 0.108
Entrepreneur Share of Output 0.263 0.265
Entrepreneur Bankruptcy Rate 0.089 0.100
Incorporation Rate 0.05 0.13
Uninsured Tort Costs (Share of Entrepreneur Output) 0.015 0.015

A similar exercise, which has been the focus of previous papers on en-

trepreneurship and default (Athreya et al. [2009], Meh and Terajima [2008]),

explores the effects of changing personal bankruptcy exemptions. Since in our

model an entrepreneur can attain full exemptions by incorporating, we find

that changing personal exemptions has a much smaller impact than either of

these previous studies. We find that doubling the exemption level decreases

aggregate income by .1%; again we believe these results to be sensitive to the

coarseness of our grid. The effects of lowering the fixed costs are in Table 10.

It is important to note that our model gives indeterminant welfare con-

clusions with respect to these policies. This is because some fraction of the

expenditure shocks are modeled as damages to third parties, and entrepreneurs

are absolved of reimbursing these expenses in bankruptcy. Furthermore, while

lenders will price their expected losses due to bankruptcy, damages due to

negligence will still not be internalized. This is because secured creditors are

paid first in bankruptcy proceedings.

Because entrepreneurs can generate large expenses to third parties (in 2003,

6% of total entrepreneurial output, one third of which was uninsured). This

creates a trade-off for society. On one hand, the the insurance provided by
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Table 10. Doubling of Exemption Levels

Moment Baseline Double ξ
Cross-Sectional Moments

Wealth to Incomes
Unincorporated 3.85 4.48
Incorporated 7.12 6.35

Ratio of IE to UE Output 2.52 2.58
Unconditional Interest Rate

Unincorporated 14.53 15.06
Aggregate Moments

Fraction of Entrepreneurs 0.159 0.159
Fraction of Incorporated Entrepreneurs 0.081 0.084
Entrepreneur Share of Output 0.263 0.263
Entrepreneur Bankruptcy Rate 0.089 0.087
Incorporation Rate 0.05 0.06
Uninsured Tort Costs (Share of Entrepreneur Output) 0.015 0.015

incorporation encourages entrepreneurial activity, which has high marginal

product. On the other hand, limited liability also enables these entrepreneurs

to avoid accountability. Because the average net damages to each household

depends on the number of entrepreneurs, as well as their incorporation status

and level of exemptions, we find a non-monotonic relationship between welfare

and entrepreneurship rates.

1.10. Conclusion.

In this paper, we embed the U.S. bankruptcy and incorporation legal sys-

tems in a quantitative macroeconomic theory of occupational, incorporation,

and default choices that accounts for the cross-sectional facts. In the model, as

in the U.S., incorporation provides insurance via limited liability beyond per-

sonal bankruptcy exemptions, at the expense of administrative burdens and

an endogenous interest rate premium. We discipline the model using cross-

sectional differences by legal form and several aggregate moments of the U.S.

economy. The model is able to capture all of these features. In addition, our

model suggests that capital shocks are important entrepreneurial risks.
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We use the model to conduct two policy experiments that are relevant to

many actual legal changes made in the last twenty years: (i) A reduction in

the costs of incorporation, meant to capture the introduction of recent legal

forms such as Limited Liability Corporations, as well as bestowing more and

more benefits to S-Corporations that were once reserved for C-Corporations.

(ii) Increasing the personal bankruptcy exemption levels. We find that reduc-

tions in the cost of incorporation increase aggregate income by 0.5%, but also

increases income and wealth inequality. In regards to the second policy, we

find that doubling the exemption level decreases aggregate income by .1%.

Lastly, by studying the decision of an entrepreneur to incorporate their busi-

ness, this paper contributes towards developing a theory that can bridge the

entrepreneurial and corporate sectors; and allow us to better understand and

study the process in which individuals start businesses and how some of those

businesses subsequently transition to the corporate sector. Furthermore, a

deeper theory of these extensive margins will allow for more comprehensive

answers to questions regarding firm entry and exit; in particular, questions

regarding financial markets and tax policies; for example, changes to the per-

sonal and/or corporate tax structures will influence the decision of individuals

to move between the different legal forms, and therefore the environments in

which these businesses operate.
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2. Chapter: Saving for Sunny Days

2.1. Introduction. 10

Developing countries experiencing rapid growth tend to run current account

surpluses (Gourinchas and Jeanne [2007]). This finding is inconsistent with

the predictions of the standard deterministic neoclassical growth model, where

countries whose Total Factor Productivity (TFP) grows relatively faster than

that of the world, imports capital from abroad to (i) finance higher investment

and (ii) smooth consumption over time. Gourinchas and Jeanne (henceforth

GJ) study a sample of 69 developing countries and find that the allocation

of capital flows among these countries suggests positive correlation between

capital outflows and the growth rate of the TFP. They refer to their finding as

“the allocation puzzle” - the allocation of capital flows among the developing

countries is at odds with the predictions of the standard growth model.

Our goal in this paper is to suggest a possible explanation for this puzzle.

We use a two sector growth model with a tradable and a non-tradable good,

along with frictions restricting the mobility of factors of production between

the two sectors. The basis for our intuition is the complementarity between

tradable and non-tradable goods (which we will assume in the model), e.g.

household appliances tend to work best when consumed with houses. There-

fore, if rapidly growing countries initially have a relatively underdeveloped

non-tradable sector, then they may be willing to trade a portion of their cur-

rent tradable output in exchange for tradable goods in the future when they

are able to combine them with the higher output from the non-tradable sector.

Our hypothesis relies on the observation that as countries develop the share of

services produced in the economy tends to increase relative to the manufactur-

ing sector. This relates our paper to the literature on structural change which

has documented a substantial rise in the percentage of US labor force employed

in the service sector (e.g. Baumol [1967], Laitner [2000], Lee and Wolpin [2006]

or Ngai and Pissarides [2007]). Such a change has a clear implication for the

10This chapter is coauthored with Jacek Rothert.
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productivity of capital in the two sectors. A decrease in employment in man-

ufacturing sector – ceteris paribus – decreases marginal product of capital in

that sector. Similarly, an increase in the employment in the service sector

increases marginal product of capital in the service sector. If a large portion

of the investment in the non-tradable sector has to be financed domestically

this would induce higher saving rate in the non-tradable sector. Furthermore,

if tradable and non-tradable goods are complements in consumption, it may

also increase the savings rate in the tradable sector, leading to current account

surplus. This mechanism will be the driving force in our model.

We are not the first that try to explain positive correlation between savings and

growth in the developing countries. Aghion et al. [2006] build an endogenous

growth model in which a less developed country needs to attract foreign in-

vestors in order to catch up with the world frontier. In order to attract foreign

investors the country must accumulate its own assets to co-finance investment

projects. Thus, higher savings rate is essential for a country to catch-up with

the rest of the world. In that sense, Aghion et al. [2006] reverse the causality

- countries need to save in order to increase their TFP growth.

In contrast, we treat the path of TFP as exogenous and ask whether we can

rationalize positive cross-country correlation between productivity growth and

national savings. In addition, we do not introduce any uncertainty or incom-

plete markets, which may add additional motives for savings. For example,

one could set up a model with uncertainty about the persistence of the ob-

served productivity changes. If increases in productivity are temporary, then

the individuals may save today in order to consume more in the future when

productivity falls. Uncertainty about the persistence of shocks could exploit

this motive. We abstract from these possible motives and ask whether the

complementarity between tradable and non-tradable goods can account for

positive correlation between savings and growth.

Since we model a two-good open economy, our paper is also related to the

literature on the evolution of real exchange rates. The general finding within

this literature is that most of the growth takes place in the manufacturing
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sector and as countries grow relative to the world’s frontier their real exchange

rate appreciates (precisely because it is the tradable sector that grows fast).

Some studies argue that the size of the Balassa-Samuelson effect is low among

the fast growing Asian countries. For example, Ito et al. [1997] argues that

in some of the ASEAN countries (Hong-Kong and Singapore) productivity in

the non-tradable sector was growing fast along with the productivity in the

tradable sector. He uses this finding as an explanation for the lower then ex-

pected appreciation of the real exchange rate in Hong-Kong and Singapore.

While the behavior of the real exchange rate is not at the center of our inter-

est, our model does have implications for it. Unfortunately, the model implies

that faster growing countries experience depreciation of the real exchange rate,

which is counterfactual; this is driven by the structural change imposed in our

model.

The rest of the paper is structured as follows: Section 2.2 explains the al-

location puzzle of GJ, and presents evidence on the structural change that

rapidly growing countries undergo. In Section 2.3 we will illustrate our basic

intuition with a simple 2-period 2-good economy. Section 2.5 describes the

model that we use for our quantitative analysis. In Section 2.6 we will present

numerical results from our model. In Section 2.7 we summarize our main

findings and suggest paths for further research.

2.2. Data.

In this section we will describe the allocation puzzle of GJ. We will also provide

the motivation for the approach that we take in explaining the puzzle.

2.2.1. The Allocation Puzzle.

Differences in productivity levels is a widely accepted explanation for differ-

ences in real incomes per capita across countries (see Hall and Jones [1999]

and Caselli [2004]). GJ point out that this view has an implication for the

direction of international capital flows; countries with high (relative to the

world) productivity growth should experience inflows of capital from abroad,

while countries with slow productivity growth (relative to the world) should

experience capital outflows. In contrast, the data suggests the opposite rela-

tionship between growth and capital flows. Figure 2 presents the essence of
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the GJ allocation puzzle: a positive cross-country correlation between average

TFP growth and capital outflows among the developing countries (all figures

are presented in Appendix A). GJ calibrate a one good model and compute

the implied cumulated capital outflows and compare the model predictions

against the data. Figure 3 displays the results of this comparison for the

countries within our reduced sample11.

It is important to note that the allocation puzzle, as presented by GJ, dif-

fers from other puzzles in international economics such as the “Lucas puzzle“

(Lucas [1990]) or the “Feldstein-Horioka puzzle” (Feldstein and Horioka [1980])

The “Lucas puzzle” is about the size of capital flows to developing countries.

Gourinchas and Jeanne argue that given the size of capital flows between

developed and developing countries, their allocation among the developing

countries is contrary to the predictions of the standard growth model. The

“Feldstein-Horioka puzzle” states that among the developed economies there is

a positive correlation between country’s savings and investment: corr(s, i) > 0.

If capital was mobile between countries, this correlation should be zero. By

contrast the allocation puzzle is about the positive correlation between the

difference in national savings and investment, and the productivity growth,

i.e. corr(s− i, g) > 0.

2.2.2. The Rise of the Service Sector.

The literature on structural change has documented and attempted to explain

the large increase in the fraction of labor force employed in the service sector in

developed economies. Between 1950 and 2000 this fraction has increased from

57 to 75 percent in the United States (Lee and Wolpin [2006]). Comparing the

level of GDP per capita to the fraction of labor employed in the non-tradable12

sector for a sample of OECD countries, we find a positive relationship between

the two variables (figure 4).

11GJ use a sample of 69 developing countries. Our sample is reduced to 38 due to the
availability of data on the shares of labor across sectors. For a list of the countries in our
sample, see the table in appendix C
12We use output of services as our measure of the non-tradable sector, and assume all other
sectors to be tradable.
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Table 11. TFP growth and labor reallocation in developing
countries

g − 1 `T2000/`
T
1980 − 1

Bottom 10 -0.017 -0.11
Top 10 0.037 -0.20

ρ(∆`T , g) -0.11

Data from our sample of developing countries suggests that these patterns

hold among developing economies as well. Figure 5 presents the same com-

parison as figure 4 for our sample in 2000. We also find a positive correlation

between the level of GDP per capita and the output of services as a share of

GDP in 2000 (figure 6). This evidence suggest that as countries develop, the

relative size of their service sector increases. If we examine the correlation

between the change in the fraction of labor employed in the tradable sector

and average productivity growth between 1980 and 2000, we find a correlation

of -0.11 (see table 11). Furthermore, comparing the 10 fastest growing coun-

tries in our sample to the 10 slowest, we see that the fraction of labor in the

tradeable sector fell nearly twice as much over the period 1980 to 2000 in the

fastest growing countries. The top 10 countries grew at an average rate of 3.70

percent and the fraction of labor in the tradable sector over that time dropped

by 20 percent. The 10 slowest growing countries experienced the reduction in

the fraction of labor employed in the tradable sector of only 11 percent (table

11). Table 11 indicates that countries with faster growth experienced a larger

increase in the fraction of labor employed in the non-tradable sector.

What implication can these findings have for international capital flows to

countries experiencing rapid growth? Suppose that agents in a fast growing

country expect that the fraction of labor in the tradable sector will fall and

will rise in the non-tradable sector. A shift of labor towards the non-tradable

sector increases the marginal product of capital in the non-tradable sector rel-

ative to its marginal product in the tradable sector. Suppose that capital in
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the non-tradable sector needs to be domestically financed13 (while there is in-

ternational mobility of capital in the tradable sector). If faster growth implies

a larger shift of labor towards the non-tradable sector, then a larger portion

of investment must be financed domestically. This increases savings in the

non-tradable sector, and if tradable and non-tradable good are complements

then it may imply an increase in the savings within the tradable sector.

In the next section we will illustrate our basic idea using a simple 2-period

2-good economy. We will show that an increase in the future output of the

non-tradable good may induce a country to increase its exports today. Since

the results differ in the two environments, we will present separate analysis for

the exchange and production economies.

2.3. Simple 2 Period Model.

In this section we will try to explain the basic intuition behind our idea using

a simple 2-period model. We will first present the result for the exchange

economy, then discuss possible problems that may arise in the production

economy.

2.3.1. Exchange Economy.

Consider a 2-period, small, open exchange economy. There are two goods: one

tradable (T) and one non-tradable (N). Period t = 1, 2 consumption is a CES

composite of both goods:

(2.1) ct = [acNt
b

+ (1− a)cTt
b
]1/b

where cT is the consumption of the tradable good and cN is the consumption of

the non-tradable good, a ∈ (0, 1) and θ := 1
1−b is the intra-temporal elasticity

of substitution between the two goods. A representative household has the

following utility over consumption of the aggregate good in the two periods:

(2.2) U(c1, c2) =
c1−σ

1

1− σ
+

c1−σ
2

1− σ

13? argue that among the OECD countries about 51% of aggregate investment comes from
the construction sector. They also estimate that at most 32% of intermediate goods that
the construction sector uses are tradable goods.
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where 1
σ
> 0 is the inter-temporal elasticity of substitution between consump-

tion of the aggregate good in periods 1 and 2. In each period, the household

receives endowments ωTt and ωNt of the tradable good and non-tradable good,

respectively. The Arrow-Debreu budget constraint for the household is:

(2.3)
2∑
t=1

(pNt c
N
t + pTt c

T
t ) =

2∑
t=1

(pNt ω
N
t + pTt ω

T
t )

The household can trade the tradable good with the rest of the world at the

fixed world prices pTt , where we assume pT1 = pT2 = 1. We assume balanced

trade, therefore, the net exports in both periods must add up to zero:

(2.4)
2∑
t=1

(ωTt − cTt )pTt = 0

Lastly, the market clearing conditions for the non-tradable goods are:

(2.5) cNt = ωNt , t = 1, 2

Definition 2.1. An equilibrium is defined as {cTt , cNt , ct, pNt }t=1,2 such that (i)

given {pNt }t=1,2 HH maximizes (2.2) subject to (2.1), (2.3), and (ii) (2.4) and

(2.5) hold.

We are interested in how the net exports in period 1, nx1 := ωT1 − cT1 behaves

in response to an increase in the endowment of the non-tradable good in pe-

riod 2 (i.e. an increase in ωN2 ). A standard result in one-good inter-temporal

models is that a country will run a current account deficit when it expects its

future output to be higher. This result is driven by the strict concavity of the

households utility function, which induces the household to smooth consump-

tion over time.

In a two-good world, the desire to smooth consumption can be diminished

by the complementarity between tradable and non-tradable goods. If tradable

and non-tradable goods are complements and an increase in future output is

due to higher output of the non-tradable good, then the household may be

willing to export the tradable good today so that it may import it tomorrow

and combine it with larger amount of the non-tradable good. Proposition 2.2

captures the above intuition more precisely:
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Proposition 2.2. In a two good exchange economy nx1 := ωT1 −cT1 is increas-

ing in ωN2 if and only if θ < 1
σ

.

Proof: See Appendix B.

If θ < 1
σ
, then there is greater complementarity within a period than between

periods - keeping the ratio of consumption of the tradable and non-tradable

good fixed is more important than smoothing aggregate consumption over

time. Therefore, an increase in the endowment of the non-tradable good in

the second period makes the consumer want to reduce consumption of the

tradable good today so that she will have more units of the tradable good

available for tomorrow.

Proposition 2.2 explains the basic intuition for our paper. Developing coun-

tries with high growth and an underdeveloped non-tradable sector are coun-

tries which expect the size of the non-tradable sector to increase in the future.

Therefore, they want to export the tradable goods they produce today in ex-

change for future tradable goods, when they will have a more abundant supply

of non-tradable goods.

In contrast, within a production economy there is more flexibility in adjusting

output in the first period in response to increase in productivity in the second

period. Thus, the result that we have just obtained in the exchange economy

may not hold in the production economy. We discuss this in the next section.

2.4. Production Economy.

Consider a 2-period production economy with 2 sectors: tradable (T) and

non-tradable (N). Preferences are as before, and outputs of both goods are

produced using a Cobb-Douglas production function:

(2.6) yi = Aiki
α
`i

1−α
, i ∈ {T,N}

Total labor is normalized to 1 in both periods, and the initial capital in period

1 is given by k1. Market clearing conditions for the factor markets are:

(2.7) kTt + kNt = kt, `Tt + `Nt = 1
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For simplicity, assume capital fully depreciates. The output of the tradable

good in the first period, yT1 , is divided between consumption of the tradable

good cT1 , capital stock for the next period k2 and net export of that good nx1;

thus, the resource constraint in the tradable sector is:

(2.8) cT1 + k2 + nx1 = yT1

In the second period, no investment is made:

(2.9) cT2 + nx2 = yT2

Output in the non-tradable sector is used for consumption only:

(2.10) cNt = yNt , t = 1, 2

The capital in the economy is held by the household who rent it to perfectly

competitive firms. The Arrow-Debreu budget constraint of the household is:

(2.11)
2∑
t=1

[
pNt c

N
t + (cTt + kt+1)

]
=

2∑
t=1

(rtkt + wt).

Again, we set pTt = 1 in both periods. The utility maximization problem for

the household is now:

(HH) max
c1−σ

1

1− σ
+

c1−σ
2

1− σ
subject to (2.1) and (2.11).

Rental rates and wages are determined from the profit maximization of firms

in the two sectors. The problem of a firm in sector i = T,N is:

(FF) max pitA
i
tk
i
t

α
`it

1−α − rtkit − wt`it

Lastly, the country cannot “die” with debt, i.e.:

(2.12) nx1 + nx2 = 0

Definition 2.3. An equilibrium consists of allocations

(cTt , c
N
t , ct, `

T
t , `

N
t , k

T
t , k

N
t , nxt)t=1,2 and k2 and prices (pNt , rt, wt)t=1,2 such that

given prices (pNt , rt, wt)t=1,2, (cTt , c
N
t , ct)t=1,2 and k2 solve the household utility
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maximization problem (HH), (`Tt , `
N
t , k

T
t , k

N
t )t=1,2 solve firms’ profit maximiza-

tion problem (FF), market clearing conditions (2.6)-(2.10) hold and the trade

balance (2.12) is satisfied.

2.4.1. Growth of the Non-tradable Sector.

Our analysis of the production economy is similar to the exchange economy,

except that now we study the effects of the growth in TFP in the non-tradable

sector in period 2. We can prove the following proposition.

Proposition 2.4. In the economy described in Section 2.4, nx1 is increasing

in AN2 if and only if 0 < σ < 1. Proof: See Appendix B.

The intuition for the above proposition is straightforward. We can rewrite

the budget constraint of the household as:

(2.13) P1c1 + P2c2 ≤ Income

where ct is the consumption of aggregate good in period t and Pt is the price of

the aggregate good in period t. The numeraire is pT1 = pT2 = 1. It can be shown

that the RHS of (2.13) remains unchanged as a result of increase in AN2 . The

aggregate price P1 remains unchanged as well; however, the aggregate price

P2 falls, because pN2 decreases. The intuition follows from the relative size

of income and substitution effects. A drop in P2 increases the real income,

which induces the household to consume more of both c1 and c2. However, a

substitution effect occurs as a result of the decrease in P2 makes consumption

tomorrow cheaper relative to today. If the substitution effect is greater than

the income effect, we will observe a decrease in c1 and hence an increase in

net exports in period 1. For the CRRA utility function, the substitution effect

will outweigh the income effect if σ < 1.

The main message from Proposition 2.4 is that the behavior of net exports in

the production economy is independent of the value of θ - the intra-temporal

elasticity of substitution between tradable and non-tradable goods. This result

is substantially different from the one in exchange economy. In the exchange

economy it was the relative magnitude of intra- and inter-temporal elasticity

of substitution which mattered.
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2.5. The Model.

In the frictionless production economy there is a large flexibility in adjusting

the output of both goods in the first period by shifting capital and/or labor

between the two sectors. Thus, the analogue of Proposition 2.2 for the fric-

tionless production economy does not hold. For the quantitative analysis we

will consider an infinite horizon version of the production economy but we will

introduce frictions in the factor markets. We make the following (rather stark)

assumptions:

• Capital is sector specific and must be financed within each sector.

• The share of labor in each sector is exogenous.

In other words we assume that factors of production cannot move between

sectors. The literature seems to suggest that, in case of labor market, the

costs of inter-sectoral reallocation may be quite large (see e.g. Helwege [1992],

Heckman and Pages [2000] or Lee and Wolpin [2006]).

2.5.1. Model Description.

We consider an infinitely lived small open economy. The representative house-

hold owns the capital in each sector, kit and inelastically supplies sector specific

labor endowments, ¯̀i
t for i ∈ {T,N}, where ¯̀T

t + ¯̀N
t = 1. The household can

borrow from and lend to the rest of the world at a fixed gross real (in units

of the tradable good) interest rate R∗. The household’s sequential budget

constraint is

pNt (cNt + kNt+1) + cTt + kTt+1 +R∗dt ≤

wTt
¯̀T
t + wNt

¯̀N
t + dt+1 + (rTt + 1− δ)kTt + (rNt + pNt (1− δ))kNt(2.14)

where all prices are in terms of the tradable good, and dt is international debt

in period t. Since factors of production are not mobile across sectors, factor

prices may differ between sectors. Given prices and endowments for labor and

capital, the household’s problem is

max
{ct,cTt ,cNt ,kTt+1,k

N
t+1}∞t=0

∞∑
t=0

βt
c1−σ
t

1− σ
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subject to (2.1) and (2.14) and a no-Ponzi condition:

(2.15) lim
t→∞

R∗−tdt ≤ 0.

Given current period TFP, Ait, the firm in sector i ∈ {T,N} solves:

max pitA
i
tk
i
t

α
`it

1−α − ritkit − wit`it

The market clearing conditions are:

cTt + kTt+1 + nxt = ATt k
T
t

α
`Tt

1−α
+ (1− δ)kTt

cNt + kNt+1 = ANt k
N
t

α
`Nt

1−α
+ (1− δ)kNt

`it = ¯̀i
t for i ∈ {T,N}

A country is characterized by its initial capital stock in each sector ki0 for

i ∈ {T,N}, initial debt d0, a sequence of TFP for each sector {Ait}∞t=0 for

i ∈ {T,N}, and a sequence of labor endowments {¯̀it}∞t=0 for i ∈ {T,N}.

2.5.2. Empirical Analysis.

We solve our model over a finite time horizon, [0, T ], with a sample of 38

developing economies for which we were able to collect consistent data on sec-

toral employment. Following Gourinchas and Jeanne (2008), we focus on the

period 1980 to 2000. Unfortunately, the model parameters are not yet fully

calibrated. We solve the model under a particular parametrization, and briefly

discuss how the predictions change with the parameter values.

We define net exports for period t in the model as

(2.16) nxt = R∗dt − dt+1.

When computing the model we restrict the debt of a country by imposing

balanced trade, i.e.

(2.17)
T∑
t=0

pTt nxt = 0

We assume initial debt, d0, is zero for all countries. In order to allow for posi-

tive/negative debt at the end of the period we are interested in (21 years), we

solve the model for 31 periods. We only require that debt be 0 at the end of
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the last period.

We assume a period to be a year, and set the discount factor β = 0.96.

We choose the depreciation rate, δ = 0.1, the capital share of output in each

sector, α = 0.33, and the share of non-tradables in aggregate consumption,

a = 0.5. The parameters that we want to focus on are σ and b. We choose

b = −5 so that the tradable and non-tradable goods are complements (the im-

plied intra-temporal elasticity of substitution is 0.18). Finally, we set σ = 0.5

which implies inter-temporal elasticity of substitution of 2.

We do not have disaggregate data on capital stocks in each sector, so we

cannot measure the TFP in each sector. Therefore, we assume that TFP is

the same across sectors: ATt = ANt = At. We obtain the productivity level for

each year by computing the measured TFP from the data, that is

(2.18) At =

(
ŷt

k̂t

)1/(1−α)

where ŷ and k̂ are output per worker and capital per worker, respectively. An

important caveat is that the sequence for productivity, {At}, that we obtain

from (2.18) is a theoretical sequence of TFP pertaining to a one-sector model.

Ideally, we would have a mapping between our model and a one-good model,

in which we can infer the productivity for each sector, {ANt , ATt }, from the

aggregate TFP, {At}, and labor shares; then, the implied TFP in each sector

together with the allocations should produce an aggregate TFP {Ãt} that is

consistent with the initial aggregate TFP series in (2.18). We have not derived

this mapping yet, therefore, we will use the sequence of TFP from (2.18). Of

course, if we obtain sectoral data on capital stocks, then this point is mute.

We set the initial level of TFP, A0, to 1 for each country. The growth rate

of TFP in each period for the first 21 periods is set equal to the growth rate

of measured TFP in the data divided by the world growth rate of TFP g∗.

Then, positive growth is interpreted as the country catching-up with the rest

of the world, while negative growth is interpreted as the country falling be-

hind. The world gross real interest rate is R∗ = 1/β. Following GJ we assume
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that in the last 10 periods the economy grows at the same rate as does the

world frontier. In our computation this implies constant TFP over that period.

Using data from the Penn World Table from 1960 to 2000 (Heston et al.

[2006]), we compute capital stock series for each country using the standard

perpetual inventory method. Ideally we would like to compute the capital

stock for each sector separately; however, we do not have investment data at

the sectoral level, therefore, we compute the aggregate capital stock. The ini-

tial capital stock in each sector is then chosen such that the capital per worker

is equal across sectors, that is

(2.19) ki0 = k̃1980 · ¯̀i1980 for i ∈ {T,N}

where k̃1980 = k̂1980
A1980

is the effective capital per worker in 1980 and ¯̀i
1980 is the

share of labor in the tradable sector in 1980.

Lastly, for the path of labor endowments we use data from the World Develop-

ment Indicators on the share of labor in services, industry, and agriculture. We

define the share of labor in non-tradables to be the share of labor in services,

and the share of labor in tradables to be the share in agriculture and industry.

Unfortunately, the share of labor in industry includes labor in the energy and

construction sectors; however, we do not feel this is a considerable drawback.

Examining OECD data on Korea, we find that over the period 1985 to 1998

the average growth of labor in energy and construction was 2.7%. In addition,

it is plausible that as a country develops and expands production capacity,

these sectors would necessarily become larger. Since the movement of labor

into the service sector is an important mechanism driving the results of the

model, removing the share of labor in these sectors from industry would only

strengthen our results.

2.6. Results.

In this section, we compare the predictions of our model with the data. We

will look at the covariance of the cumulative net exports and average growth

rate. We will also compare the predictions of our model for the cumulative

net exports with those observed in the data. Table 12 summarizes the main
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result of our model. The current ad-hoc parametrization does not match the

data, it does seem to be an improvement from the one-good model.

Table 12. Correlation between net exports and growth

Data Standard Our
model model

0.30 -0.77 0.016

Figures 7 and 8 present preliminary results from our model. Figure 7 plots

the cumulated capital outflows predicted by the model and compares them

with the actual capital outflows from the data. Figure 8 plots cumulated net

exports predicted by our model as a fraction of initial tradable output against

the average TFP growth over the period 1980-2000. The correlation between

these two variables is positive, albeit quite small.

2.6.1. Discussion.

Two parameters are important for the correlation between net exports and

growth: σ and b. The lower the value of b the lower the intra-temporal elastic-

ity of substitution between tradable and non-tradable goods 1
1−b . The lower

the value of σ the higher the inter-temporal elasticity of substitution between

aggregate goods in two different periods. For our calculations we used the

values σ = 0.5 and b = −5. Lowering either one of them will increase the

correlation between net exports and growth.

The correlation between actual and predicted capital flows in a standard one-

good growth model is -0.32 (see Table 13). In our model the correlation

between actual and predicted capital flows is 0.08. It is no longer negative

although it is still quite small. Our ad-hoc specification does not allow for

cross-country differences in factor markets frictions. We also abstract from

differences in initial debt holdings. We do not have data on sectoral invest-

ment and capital stocks for the countries in our sample so we assumed the

same level of TFP in both sectors.

Our result is driven by the presence of structural change in faster growing
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Table 13. Correlation of actual and predicted capital flows

Standard model Our model
-0.32 0.08

countries. We want to stress that currently we do not attempt to explain

structural change - we simply take as given the reallocation of workers across

sectors. The literature on structural change provides a number of explanation

for the rise of the service sector. These usually include non-linearity of the

Engel curve (Echevarria [1997], Laitner [2000]) and differential sectoral growth

rates combined with different labor intensities across sectors (Baumol [1967]).

We would like to make this change endogenous in the future versions of our

paper.

Finally, one cannot write a two-good international paper without at least

mentioning what happens to the real exchange rate. Unfortunately, our model

delivers counterfactual prediction about the behavior of the real exchange rate.

In the data, countries whose TFP grows rapidly tend to experience real ex-

change rate appreciation. In our model the correlation between the growth rate

and the change in the relative price of non-tradable goods is negative. This re-

sult is not surprising. The exogenous movement of labor into the non-tradable

sector increases the productivity of capital in that sector, which drive the price

of non-tradable goods downward. Figure 9 depicts the relation between RER

changes and TFP growth in the model.

2.7. Conclusion.

In this paper, we study the behavior of net exports in a sample of developing

economies. We attempt to rationalize the empirical observation that countries

with high productivity growth tend to run current account surpluses.

We present a two-good small open economy model with immobility of fac-

tors of production across the two sectors. We show that with enough comple-

mentarity between tradable and non-tradable goods we may observe positive

correlation between growth rate of the TFP and net exports.
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The model in the present form has shortcomings. It takes as exogenous the

movement of labor into the non-tradable sector in fast growing countries. We

believe that one necessary improvement is to have this movement endogenous,

which may also help remove the counterfactual prediction about the behavior

of the real exchange rate.
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Appendix A. Appendix to Chapter 1

A.1. Mapping f(z, k, n) to F (z, k) = f(z, k, n∗(z, k)). We want to use an

entrepreneurial technology without labor, but use parameters from Cagetti

and De Nardi [2006]. This can be seen as a shortcut, since if labor is hired in

spot markets then it is easy to solve for the optimal level of labor demand and

substitute out, making a new production function that depends only on capital.

The only thing that needs to change is the labor market clearing condition.

However, care must be taken when using previous calibrated parameters for

the scale of production, since profits and optimal levels of capital are extremely

sensitive to this parameter.

They use a production function of the form: y = f(z, k, n) = z(nθk1−θ)ν .

Thus profits are given by π(z, k, n) = f(z, k, n)− (r+ δ)k−wn. Take the first

order condition wrt labor to get that n∗(z, k) =
(
zνθkν(1−θ)

w

) 1
1−νθ

. Substituting

this into the production function gives π(z, k, n∗(z, k)) = z̃kα−(r+δ)k, where

the transformed variables take the values z̃ = (1 − νθ)
(
νθ
w

) νθ
1−νθ z

1
1−νθ and

α = ν(1−θ)
1−νθ .

Cagetti and De Nardi use ν = 0.88 and θ = 0.67. Using their calibration in

a model without capital would imply a value of ν = 0.88(1−0.67)
1−0.67×0.88

= 0.708, which

is what we use.

A.2. Interest Rate Regressions. A preview of the theoretical loan supply

schedule is useful for understanding why each control variable was included.

In a perfectly competitive banking industry, banks make zero profits on each

loan. The interest rate charged is thus a function of (1) the risk of the en-

trepreneur defaulting on the loan and (2) the fraction of the loan that the bank

can recover upon default. We expect an increase in (1) to be associated with

an increase in the interest rate, and just the opposite for (2). We explore what

variables would affect these two items and whether or not the correlations

uncovered by our regressions confirm these expectations. We emphasize that

these regressions are not meant to be structural in nature, but rather descrip-

tive of what happens to the equilibrium interest rate when keeping quantity

constant and changing factors that would shift supply or demand.
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We first include proxies of the business’s current productivity or demand.

Higher levels of either should decrease (1) and increase (2) since the levels of

these variables at the time the loan comes due are likely positively correlated

with their levels at the time the loan is made. These considerations lead us

to include sales, whether the owner went to college, and the age of the firm as

controls. We find that each is associated with a decrease in interest rates, as

we would expect, but that the coefficient on sales is not significantly different

from zero in neither magnitude or the statistical sense.

While we do not model reputation directly, we think it is important to

include proxies for such a variable in light of (1). We therefore include the

length of the relationship between the entrepreneur and the lending bank,

the entrepreneur’s credit score, and whether or not the owner/business has

made late payments or filed bankruptcy in the last three years. The regression

supports our expectations of negative coefficients on relationship length and

credit score and a positive coefficient for payment delinquency. Bankruptcy

could theoretically have either a positive or negative sign, but turns out to be

positive, which echoes previous studies by Berkowitz and White [2004].

We also include controls that directly affect how much the bank could recover

in the event of bankruptcy. These include whether or not the entrepreneur

owns a home as well as whether a guarantee or collateral were provided by the

entrepreneur. We would expect each of these to have a negative coefficient,

which is confirmed strongly in both magnitudes and statistical significance.

Finally, we include many things that we do not try to model but are likely

to affect both (1) and (2). These include industry and location variables,

aspects of the loan contract such as whether or not it is fixed or variable

rate, and a measure of how competitive the banking industry is in the city

in which the loan originated. Clearly industry and urbanicity are likely to

affect the liquidation value of the firm, as well as the variance of demand

and technology shocks. It is also clear that variable interest rate loans should

have lower rates than fixed rates whenever there is inflation risk. We include

the measure of competitiveness because we model markets as competitive out

of convenience, not faith. Interestingly, a more competitive banking sector

is associated with nearly a full interest point reduction, which suggests that
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introducing monopolistic competition to models of default may be fruitful in

future work.

Table 14. Estimation results : Regression of Business Loan
Interest Rate on Observables

Variable Coefficient (Std. Err.)
Incorporation 0.398 (0.190)
log(sales) -0.007 (0.078)
log(capital) -0.021 (0.044)
log(employment) -0.337 (0.091)
length of relationship with bank -0.164 (0.056)
Loan Type (Line of Credit) 0.899 (0.161)
In Person -0.429 (0.144)
Guarantee -0.618 (0.141)
Collateral -0.677 (0.143)
Fixed Maturity -1.779 (0.341)
Fixed Interest Rate 1.249 (0.145)
Age of Owner -0.022 (0.008)
College Education -0.317 (0.141)
Homeowner -1.868 (0.373)
D&B Credit Score -0.141 (0.177)
Bankruptcy 0.109 (0.411)
Late Payment 0.987 (0.239)
Herfindahl-Hirschman Index -0.934 (0.171)
Urban Area 0.086 (0.174)
Industry - Mining -1.769 (0.305)
Industry - Construction -0.967 (0.283)
Industry - Manufacturing -0.092 (0.232)
Industry - Trans./Utilities 0.907 (0.319)
Industry - Wholesale Trade -0.490 (0.289)
Industry - Retail Trade -0.427 (0.216)
Industry - Finance/Insurance/RealEst -1.332 (0.246)
Intercept∗ 12.578 (1.389)
∗The baseline industry is services.
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Table 15. Estimation results : Regression of Business Credit
Card Interest Rate on Observables

Variable Coefficient (Std. Err.)
Incorporation 0.738 (0.230)
log(sales) -0.253 (0.095)
log(capital) -0.105 (0.068)
log(employment) 0.334 (0.129)
Monthly Charges -0.008 (0.002)
Rolling Balance 0.152 (0.079)
Pay Balance -0.390 (0.243)
Age of Owner -0.015 (0.010)
College Education 0.253 (0.193)
Homeowner -0.975 (0.287)
Urban Area -1.142 (0.254)
D&B Credit Score -0.182 (0.254)
Bankruptcy 1.435 (0.431)
Late Payment 3.513 (0.414)
Industry - Mining -1.181 (0.343)
Industry - Construction 1.294 (0.345)
Industry - Manufacturing -0.597 (0.388)
Industry - Trans./Utilities 0.411 (0.450)
Industry - Wholesale Trade 0.586 (0.368)
Industry - Retail Trade 0.398 (0.276)
Industry - Finance/Insurance/RealEst 0.145 (0.359)
Intercept∗ 17.427 (1.238)
∗The baseline industry is services.

Appendix B. Appendix to Chapter 2

B.1. Figures.

B.2. Proofs.

Proof of Proposition 2.2. We want to show that ωT1 − cT1 is increasing in ωN2
iff 1

1−b <
1
σ
. FOCs for the household imply the following relationship:

(B.0) Uc1 ·
∂c1

∂cT1
= Uc2 ·

∂c2

∂cT2
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Figure 2. Capital outflows and TFP growth 1980-2000

Figure 3. Capital outflows 1980-2000

where

Uc1 ·
∂c1

∂cT1
= [aωN1

b
+ (1− a)cT1

b
](1−b−σ)/b · (1− a) · cT1

b−1
=: f(cT1 , ω

N
2 )

Uc2 ·
∂c2

∂cT2
= [aωN2

b
+ (1− a)cT2

b
](1−b−σ)/b · (1− a) · cT2

b−1
=: g(cT2 , ω

N
2 )
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Figure 4. GDP per capita and fraction of labor in the non-
tradable sector - OECD

Figure 5. GDP per capita and fraction of labor in the non-
tradable sector - non OECD

Noting that cT2 = ωT1 + ωT2 − cT1 we can write the equilibrium condition as:

(B.0) h(cT1 , ω
T
2 ) := f(cT1 , ω

N
2 )− g(ωT1 + ωT2 − cT1 , ωN2 ) = 0
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Figure 6. GDP per capita and services as a share of GDP -
non OECD

Figure 7. cumulated capital flows (1980-2000) as a fraction of
initial tradable output.

Note that

(B.0)

∂f(cT1 ,ω
N
2 )

∂cT1
< 0, ∂f(cT1 , ω

N
2 )/∂ωN2 = 0

∂g(cT2 ,ω
N
2 )

∂cT1
> 0, ∂g(cT2 , ω

N
2 )/∂ωN2 > 0 ⇐⇒ 1

1−b <
1
σ
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Figure 8. predicted capital flows as a fraction of initial trad-
able output and average TFP growth (1980-2000).

Figure 9. real exchange rate appreciation and average TFP
growth in the model.

Therefore we have that ∂h
∂cT1

< 0. We also have that ∂h
∂ωN2

< 0 ⇐⇒ 1
1−b <

1
σ
.

If ωN2 increases, for (B.2) to hold, cT1 must fall (i.e. ωT1 − cT1 rise) if and only

if ∂h
∂ωN2

< 0 ⇐⇒ 1
1−b <

1
σ
. �
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Proof of Proposition 2.4. We want to show that NX1 is increasing in AN2 if

and only if σ < 1. Note that NX1 is given by:

(B.0) NX1 = AT1K
T
1

α
LT1

1−α
+ (1− δ)K1 −K2 − CT

1

We will show that increase in AN2 will lower CT
1 and increase both KT

1 and LT1
if and only if σ < 1. This, together with the fact that both K2 and K1 remain

unaffected will prove the proposition.

We normalize pT1 = pT2 = 1. FOCs for the firms in the tradable and non-

tradable sector imply that the the relative price of the non-tradable good

depends only on the ratio of TFPs in both sectors in the current period:

(B.0) pNt =
ATt
ANt

Therefore, the relative price of the non-tradable good in period 1 is unaf-

fected by changes in AN2 . The intra-temporal choice between tradable and

non-tradable goods implies the following relation:

(B.0)
a

1− a

(
CN
t

CT
t

)b−1

= pNt

Equation (B.2) states that as long as b < 1 (which we assume is always sat-

isfied) then the ratio CN/CT is determined by the relative price of the non-

tradable good pN . Hence, the ratio CN
1 /C

T
1 will be unaffected by changes in

AN2 and therefore consumption of the tradable good CT
1 will move in the same

direction as consumption of the non-tradable good CN
1 and of the aggregate

good C1.

Note that the budget constraint of the household can be written as:

(B.0) P1C1 + P2C2 ≤M

where Ct is consumption of the aggregate good in period t and Pt is the price of

the aggregate good in period t and M is households’s nominal income. There-

fore, in order to determine the effect of an increase in AN2 on the consumption

of the aggregate good C1, we need to determine how AN2 affects P1, P2 and M .
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The intra-temporal choice between tradable and non-tradable goods deter-

mines the price level of the aggregate good (keeping pT = 1 in both periods).

The price of the aggregate good in period t is the defined as the value of the

following program:

Pt := minCT
t + pNt C

N
t

s.t.

1 =
(
aCN

t

b
+ (1− a)CT

t

b
)1/b

Solving this problem yields the following formula for Pt:

(B.0) Pt =
(
a

1
1−b + (1− a)

1
1−bpNt

b
b−1

) b
b−1

Equation (B.2) implies that Pt moves in the same direction as pNt for every

b < 1. Hence, from (B.2) we have:

(B.0)
dP1

dAN2
= 0,

dP2

dAN2
< 0

Consider now the nominal income of the household. It is given by:

(B.0) M =
2∑
t=1

[rtKt + wtLt]

Labor is normalized to 1 in both periods. FOCs for the firms together with

perfect mobility of both capital and labor between sectors imply that the

capital/labor ratios in both sectors have to be the same and have to equal the

capital/labor ratio of the economy. Therefore, the rental rate for capital and

wage are given by:

rt = α

(
Kt

ATt

)α−1

(B.1)

wt = (1− α)

(
Kt

ATt

)α
(B.2)

Note that K1 is given. Therefore, r1 and w1 are unaffected by the value of

AN2 . Small open economy assumption implies that the capital labor ratio in

the second period is pinned down by the world interest rate:

(B.2) R∗ = 1− δ + α

(
K2

AT2

)α−1
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Equation (B.2) has to hold regardless of the value of AN2 . Hence K2 is unaf-

fected by AN2 . With L2 = 1 this pins down the capital/labor ratio and hence

r2 and w2 is unaffected. Hence, M remains the same.

So far we have shown that an increase in AN2 will not change P1, will lower P2

and will not affect M . How will C1 and C2 react to the fall in P2? FOCs for

utility maximization imply:

P1C1 + P2C2 = M(
C1

C2

)−σ
=

P1

P2

Solving that system of equations yields the following formula for C1:

(B.0) C1 =
M

P1

· P
1−σ
σ

2

P
1−σ
σ

1 + P
1−σ
σ

2

Equation (B.2) implies that, keeping M and P1 fixed, C1 is increasing in P2

if and only if σ < 1. This results should not be surprising. For σ < 1, the

substitution effect associated with the change in price of one of the goods

dominates the income effect. Then a fall in P2 will lead to the fall in C1 -

the consumption of the aggregate good in period 1. Note that C1 decreases

if and only if both CT
1 and CN

1 decrease (by (B.2)). Market clearing for the

non-tradable good then implies that KN
1 and LN1 must fall. Market clearing

for capital and labor then implies that KT
1 and LT1 rise. With K1 and K2

unchanged, equation (B.2) then implies that NX1 increases. Hence we have

that after an increase in AN2 , NX1 increases if and only if C1 decreases which

happens if and only if σ < 1. This finishes the proof.

B.3. Summary Statistics.

Table 16. Summary statistics.

Average growth Capital ∆`T

Country 1980-2000 (%) outflows∗ 1980-2000 (%)∗∗

Argentina -0.10 -1.03 -38.46

Bangladesh 2.71 -0.57 1.32

Continued on Next Page. . .
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Average growth Capital ∆`T

Country 1980-2000 (%) outflows 1980-2000 (%)

Brazil -0.63 -0.46 -20.00

Chile 2.24 -2.49 -5.00

China 5.69 0.70 -1.14

Colombia -1.52 -1.88 -22.86

Costa Rica -0.91 -1.93 -15.38

Cyprus 1.31 -2.64 -40.00

Dominican Republic 2.07 -1.78 5.26

Ecuador -2.87 -1.48 6.67

Egypt 2.63 0.41 -20.31

El Salvador -0.26 -0.09 -22.03

Ghana 2.69 -0.68 -9.33

Guatemala 0.05 -1.52 -6.56

Honduras -1.99 -2.23 -26.32

Hong Kong 2.92 0.45 -59.62

India 4.06 -1.00 -13.48

Indonesia 0.21 -1.07 -10.00

Iran 2.11 -0.06 -3.51

Jamaica 0.84 -0.12 -39.68

Jordan -3.06 -2.34 -15.63

Kenya 0.03 -2.18 -15.56

Korea 4.12 0.96 -38.10

Malaysia 1.65 -0.74 -16.39

Mexico -1.06 -1.22 -40.79

Morocco 0.26 -0.24 -18.75

Pakistan 2.87 -2.16 -8.22

Panama -1.27 -1.15 -32.00

Paraguay -1.83 -1.28 77.78

Peru -0.45 -2.36 -18.75

Philippines -0.57 -1.04 -19.40

Sri Lanka 1.89 -1.59 -2.86

Syrian Arab Rep. 0.91 1.03 -7.81

Continued on Next Page. . .
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Average growth Capital ∆`T

Country 1980-2000 (%) outflows 1980-2000 (%)

Thailand 3.41 -2.04 -16.05

Trinidad and Tobago 0.71 -0.43 -25.53

Turkey 2.36 -1.74 -18.92

Uruguay 0.50 -0.23 7.41

Venezuela -1.95 0.73 -23.26

∗ Sum of Current Accounts (1980-2000) as a fraction of initial output
∗∗ Percentage change in the fraction of labor employed

in the tradable sector between 1980 and 2000.
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