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Abstract

This dissertation investigates policy-relevant questions concerning firm-level produc-

tivity, mortgage interest deduction, and intellectual property protection. The first

essay explores the effects of debt and equity financing on firm-level productivity and

productivity growth using a state-of-the-art production function estimation approach

that addresses the transmission bias. I find that equity financing has a positive effect

on productivity and productivity growth. In contrast, debt financing has a negative

effect on productivity and productivity growth. I also find the productivity effects of

financing to be heterogeneous across sectors within the manufacturing industry.

The second essay studies the impact of a Dutch mortgage policy reform that

eliminated mortgage interest deduction for interest-only and deferred amortization

mortgages on January 1, 2013. The econometric challenge addressed in this study

is the fact that households choose mortgage products based on observable and un-

observed characteristics, which results in a selection bias. I ameliorate this concern

by combining kernel matching with a difference-in-difference estimator to make pre-

dictions about the effects of the policy reform. I find that the reform led to higher

mortgage interest rates for treated households. Moreover, I find that the policy com-

pelled the treated mortgagors to reduce their mortgage debt by opting for cheaper

and smaller homes.
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The third essay examines the role of external cooperation and practices of com-

petitors in the informal sector in influencing adoption of IP protection in East Africa.

I find that firm size, access to a skilled labour force, use of retained earnings, and

being an exporter have positive associations with IP protection. I also find that

adoption of IP protection has a positive correlation with access to external research

and/or software consultants and external R&D. In contrast, use of foreign technology

is associated with lower probability of IP protection as it crowds out in-house inno-

vation. Competition from informal firms has no correlation with the probability of

adopting IP protection if a firm appraises it to be a minor obstacle. However, firms

that perceive practices of the informal competitors as a moderate obstacle or a major

obstacle or a very severe obstacle are more likely to embrace IP protection.
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Chapter 1

Introduction

The goal of this dissertation is to use tools of applied microeconomics to investigate

and study policy-relevant questions in firm-level productivity, mortgage interest de-

duction, and intellectual property protection. The first essay applies recent advances

in the literature of production function estimation to examine the effects of corporate

debt and equity financing on firm-level productivity and productivity growth. This

novel technique accounts for the positive correlation between inputs and unobserved

productivity shocks, referred to as the transmission bias in the literature. The sec-

ond knowledge contribution of this paper comes from investigating variation of the

impact of debt and equity financing on productivity level and productivity growth

across different sectors within the manufacturing industry. I analyse a panel of pub-

licly listed manufacturing firms in the USA during 1980–1996 to register the following

set of results: first, equity financing has a significant positive effect on productivity

and productivity growth at the firm level. In particular, a 10% increase in equity

growth increases productivity by about 0.31%–0.41%, depending on model specifica-

tion. In contrast, a 10% increase in debt growth is estimated to cause approximately
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0.09%–0.10% decline in firm-level productivity on average. Furthermore, produc-

tivity appears to be persistent, with a 10% increase in productivity in the current

period expected to raise productivity next period by 4.70%–5.90% on average. The

causal effects of debt and equity financing on productivity growth have the same signs

as those on productivity levels, although the magnitudes of the former are slightly

larger. Furthermore, my empirical findings uncover marked variation of the effects of

financing across different sectors within the manufacturing industry.

The second essay contributes to the literature by exploiting unique features of

the Dutch mortgage market to evaluate the effects of a Dutch mortgage policy re-

form that eliminated mortgage interest deduction (MID) for interest-only (IO) and

deferred amortization mortgages on January 1, 2013. The main econometric problem

addressed in this study is the fact that households self-select into mortgage products

based on observable and unobserved characteristics, which results in a selection bias

that could possibly confound causal estimates. I mitigate the empirical threat posed

by this bias by combining a kernel matching algorithm with a difference-in-difference

estimator to illuminate the causal impact of the policy reform on household outcomes

(mortgage interest rates, mortgage debt, home value, living room size, and the num-

ber of rooms in a home). My empirical results reveal that the policy reform reduced

mortgage debt for treated households by about e59,481–e71,646, depending on the

bandwidth value used. Similarly, the average home value for treated borrowers was

lower by about e61,895–e71,793 after the policy change, which suggests that the pol-

icy reform encouraged treated households to buy cheaper homes. I also find that the

average living room size for treated mortgagors decreased by about 12–12.5 square

metres in the aftermath of the reform. Furthermore, the average mortgage interest
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rate for treated households edged up by 60.2–65.8 basis points, which increased the

average cost of homeownership for these borrowers by approximately e22,000.

In the third essay, I present a descriptive perspective of the relationship between

adoption of intellectual property (IP) protection and firm-level characteristics, par-

ticularly external cooperation and practices of competitors in the informal sector.

This study contributes to the literature by focussing on developing economies where

incentives to adopt IP protection are likely to be dwarfed by weak enforcement ef-

forts. Using cross-sectional firm-level data from the World Bank Enterprise Surveys

(ES) and Innovation Follow-up Surveys (IFS) collected between 2011–2014 for Kenya,

Uganda, and Tanzania, I estimate a logistic base model of adoption of IP protection.

The empirical findings demonstrate that firm size (indicators for large, medium-sized,

and small enterprises), being an exporter, use of retained earnings for innovation, and

access to skilled labour have positive and statistically significant associations with

adoption of IP protection. In contrast, firm age, top manager’s years of experience in

the sector of operation, share of workforce with a high school diploma, firm’s legal sta-

tus, and export intensity (exports as a share of sales) are not correlated with a firm’s

decision to appropriate IP protection. To evaluate the influence of external coopera-

tion on the propensity to adopt IP protection, I use three proxy variables for external

cooperation: use of external research and/or software consultants, external R&D, and

procurement of foreign technology. I find that establishments which conduct external

R&D and those that obtain services of external computer and/or software consultants

are more likely to adopt IP protection. Depending on model specification, firms that

rely on foreign technology are less likely to appropriate IP protection, which possibly
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suggests that foreign technology reduces the need to protect IP by crowding out in-

house innovation. I also find that firms which indicate practices of competitors in the

informal sector as a moderate obstacle or a major obstacle or a very severe obstacle

are more likely to adopt IP protection. More importantly, this finding is not driven

by population size of the city where a firm is located.

The remainder of this dissertation proceeds as follows. Chapter 2 examines the

productivity effects of corporate debt and equity financing. Chapter 3 evaluates the

causal impact of the January 1, 2013 mortgage market reform in the Netherlands.

Chapter 4 studies the relationship between firm-level variables and the decision to

adopt IP protection in East Africa. Chapter 5 presents summary and conclusions.
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Chapter 2

Productivity Effects of Corporate Debt and Equity

Financing

2.1 Introduction

Access to financial resources by businesses is an ongoing public policy goal because

firms need financing to fund operations and innovation projects that are crucial for

their productivity and growth prospects. Studies using micro and aggregate data to

investigate the causal effects of firms’ access to corporate debt and equity financing

on productivity level and productivity growth have gained prominence following the

productivity slump that occurred in the aftermath of the financial crisis of 2008. While

research using macro data to examine this causal link abound, there are relatively

few papers exploiting micro-level data to investigate how equity and debt financing

affect firm-level productivity and growth.

There is a general consensus across macro-based studies that financial develop-

ment, often proxied using a ratio of private sector credit to gross domestic product

(GDP), fosters economic growth by easing access to information, reducing transaction
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costs, and lowering cost of lending.1 Furthermore, reduced cost of lending enhances

efficient allocation of capital and risks in the economy, as well as allowing firms to

cheaply access credit to finance innovation of goods and services, production tech-

nologies, and human capital development (see, for example, Levine, 2005; King and

Levine, 1994). Additionally, there is evidence that financial development boosts entry

and post-entry growth of firms. Specifically, Aghion et al. (2007) empirically show

that in advanced market economies, access to finance not only promotes entry of

small firms operating in sectors that rely on debt financing, but also enables them to

grow faster.

The nature of the relationship between financing and productivity using micro

data is still subject to debate. An empirical study by González (2013) using firm-

level data from 39 countries to investigate the effect of leverage on firm performance

established that debt financing increases indirect costs of financial distress leading

to lower productivity and productivity growth. On the other hand, Gatti and Love

(2008) using a cross-section of Bulgarian firms find that firms with access to a line of

credit or an overdraft facility exhibit higher levels of total factor productivity (TFP).

Similar conclusions have been drawn by Gomis and Khatiwada (2017) using firm-

level data from over 100 developed and developing economies. This paper is close

to that of Levine and Warusawitharana (2019) who empirically test the relationship

between debt financing and productivity using firm-level data from France, Italy,

Spain, and the United Kingdom by first estimating a measure of productivity and

then regressing it on corporate leverage and a set of control variables. They find a

statistically significant positive effect of debt financing on productivity.

1Notable exceptions to this view include Rajan (2006), Rodrik and Subramanian (2009), and
Arestis et al. (2001) who argue that financial development exposes levered firms and households to
financial risks leading to economic volatilities that can be detrimental to real economic growth.
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Other studies have documented a non-linear positive relationship between financ-

ing and firm performance. A threshold regression analysis by Coricelli et al. (2012)

on a sample of Central and Eastern European countries reveals that productivity

growth is positively correlated with leverage up to some critical threshold level after

which the relationship becomes negative. Similarly, Cecchetti and Kharroubi (2012)

show that access to credit through a developed financial system is positively corre-

lated with aggregate real economic growth up to a certain point beyond which growth

plummets.2 In contrast, an empirical study by Gomis and Khatiwada (2017) using

data from over 100 advanced and emerging countries finds no evidence of a threshold

leverage level after which diminishing returns to debt financing start to accrue.

This paper contributes to the literature in two ways. First, it applies the state-

of-the-art approach in the literature of production function estimation to obtain con-

sistent estimates of production function parameters, which as illustrated in a recent

paper by Gandhi et al. (2020) is better at handling endogeneity issues relative to other

approaches in the literature. Using the estimated production function parameters,

I uncover a measure of TFP that is used to empirically examine the role played by

financing in explaining differences in firm-level productivity and productivity growth.

Second, the paper documents interesting intra-industry heterogeneity of produc-

tivity effects of financing across different sectors within the manufacturing industry

which has been largely ignored in the literature. To the best of my knowledge, this

is the first paper to look at intra-industry variation of the joint effects of corporate

debt and equity financing on TFP.3 Intra-industry analysis is important because it

2An empirical study by Arcand et al. (2015) also draws the same conclusion.
3Levine and Warusawitharana (2019) use firm-level data to study the variation of the impact

of debt financing on TFP across select countries in Europe. In contrast, Gomis and Khatiwada
(2017) examine inter-industry rather than intra-industry heterogeneity to understand how the effect
of leverage on productivity varies across different industries.
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potentially allows for a comparison of ‘apples with apples’ which can be more infor-

mative when formulating policy implications for the relationship between financing

and TFP in each industry, unlike an inter-industry analysis where the comparison is

akin to that of ‘apples and oranges’.

The relationship between financing and productivity has often been studied using a

two-stage procedure in the literature. In the first stage, a measure of firm productivity,

is backed out either as a residual from an ordinary least squares (OLS) regression of

gross sales or value-added on inputs, or through the control function method where

investment or an intermediate input is used to control for unobserved productivity.

Once an estimate of productivity has been computed, the final step in the estimation

involves regressing this measure on equity or leverage and a set of covariates.

Although using OLS residuals to proxy for TFP is routine to implement, it is prone

to two well-documented biases. First, it does not account for the positive correlation

between inputs and the unobserved productivity shocks (see, for example, Marschak

and Andrews, 1944). For instance, one may expect firms that realize large positive

productivity shocks to use more inputs relative to those that draw negative shocks, all

else equal. If this endogeneity is not corrected, the parameters of production function

are likely to be biased.4

Traditional estimators used to ameliorate simultaneity bias include dynamic panel

data methods by Blundell and Bond (1998) and Arellano and Bond (1991). These

methods exploit fixed-effects models which assume that the unobserved heterogeneity

is time-invariant and can, therefore, be purged out by differencing to control for the

correlation between inputs and unobserved productivity. It is important to note that

4This bias is also referred to as the transmission or simultaneity bias in the literature. Griliches
and Mairesse (1995) give a comprehensive assessment of potential solutions to this problem.
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one major downside of the above methods is that they often require some variation in

flexible inputs, conditional on the other variables included in the model. Moreover,

dynamic panel data methods can exacerbate measurement error problem (see, for

example, Griliches and Hausman, 1986). Seminal papers by Olley and Pakes (1996)

and Levinsohn and Petrin (2003) suggest a control function approach that uses invest-

ment level and demand for intermediate input, respectively, to control for unobserved

productivity. Wooldridge (2009) also uses proxy variables to control for unobserved

productivity in a generalized method of moments (GMM) framework. Furthermore,

the index number method by Caves et al. (1982) which equates each input share

to its output elasticity has also been used to estimate production function, but its

application can be limited by the presence of adjustment costs for dynamic inputs.

The other econometric problem posed by the two-stage approach is that of selec-

tion or correlation between financing and firm’s unobserved productivity shocks. In

other words, it is possible that firms which expect to realize large positive productivity

shocks are the ones that selectively choose or find it easier to obtain more financing

to enhance their future productivity.5 Similarly, selection can be manifested in the

form of firm entry and exit. For example, it could be the case that firms that expect

their future productivity to fall below a certain threshold are more likely to liquidate

when the value of doing so exceeds that of operating. If firms’ exit and entry are

correlated with financing decisions, the estimates of the effects of financing on TFP

and TFP growth can potentially be biased. In the literature, common approaches

employed to address selection bias induced by exit and entry often involve specifying

5Early description of selection problem can be found in the work of Wedervang (1965).
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an exit rule in the firm’s dynamic optimization problem.6

The aforementioned shortcomings of a two-stage procedure suggest that a different

approach would be useful, not only in obtaining unbiased and consistent estimates of

the production function parameters, but also in enhancing our understanding about

the causal link between financing and firm-level productivity and productivity growth.

I address the simultaneity bias by utilizing a recent approach developed by Gandhi

et al. (2020). The illuminating idea behind this approach is that consistent esti-

mates of the production function can be obtained using the demand function for an

intermediate input to control for unobserved productivity.

To allay concerns regarding reverse causality or selection bias, I rely on a timing

assumption by arguing that firms cannot immediately obtain financing upon realizing

productivity shocks. Transaction costs of obtaining finances coupled with the time it

takes for a firm to identify, develop and commercialize innovation processes and other

productivity-enhancing operations that would be funded by debt and equity financing

suggest that TFP innovations are only correlated with past financing and not with

current financing decisions. I formally test whether this is an issue by decomposing

TFP into an expected part and another component that is not predictable from

the lagged productivity alone, which I refer to as the unexpected TFP component.

This approach has been applied by Levine and Warusawitharana (2019) and Gomis

and Khatiwada (2017) to test if reverse causality could provide an alternative view

about the direction of the link between debt financing and TFP using TFP from

6Models by Ericson and Pakes (1995) and Olley and Pakes (1996) specify an exit rule where a
firm compares its liquidation to the expected discounted value of operating. To keep the model
tractable, this paper does not model entry and exit decisions.
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Levinsohn and Petrin (2003).7 In my setting, the expected part of TFP is simply

the first lag of TFP that is estimated using a first-order controlled Markov process

and the unexpected portion is measured as the part of productivity that cannot be

predicted from the lagged productivity (the expected TFP). The unexpected TFP

component can also be thought of as the innovations to the TFP from the controlled

Markov process. This exercise is important because it allows for separation of the

part of TFP that lies within firms’ information set, which is reasonably expected

to be correlated with financing decisions, from the stochastic part of TFP that is

potentially not correlated with current or past financing decisions. If the hypothesis

that financing has a causal effect on TFP and TFP growth holds, then the direction

of causality should run from financing to productivity, and we should find that only

the unexpected component of the TFP (and TFP growth) is correlated with debt and

equity financing. My findings demonstrate that the relationship between TFP and

financing emanates from the unexpected TFP component.

Using Compustat Fundamentals Annual data on manufacturing firms in the USA

during the period 1980–1996, I find that on average, equity financing has a significant

positive effect on TFP and TFP growth. In particular, a 10% increase in equity growth

increases productivity by about 0.31%–0.41%, depending on the model specification.

In contrast, a 10% increase in debt growth is estimated to reduce firm-level produc-

tivity by approximately 0.09%–0.10% on average. Some firms might still choose debt

financing despite the negative effect on productivity because of the tax deductibility

of interest payments on debt financing. Similarly, smaller firms might find it cheaper

7This study differs from Levine and Warusawitharana (2019) and Gomis and Khatiwada (2017)
in the way transmission bias is addressed when estimating TFP. Similarly, my study examines intra-
industry variation of the effects of equity and debt financing on productivity, which has been ignored
by these two studies.
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and easier to issue debt than to compete for equity with larger and well-established

firms. Furthermore, productivity tends to persist over time, with a 10% increase in

productivity in the current period expected to increase productivity next period by

between 4.70%–5.90% on average. The causal effects of financing on TFP growth have

the same signs as those on TFP levels, although the coefficients on TFP growth are

slightly larger relative to those on TFP levels. Additionally, I document considerable

heterogeneity of the above effects across sectors within the manufacturing industry.

The rest of the paper proceeds as follows. Section 2 outlines the model. Section 3

describes the data. Section 4 discusses the empirical strategy. Section 5 presents the

results and discussions. The conclusion is presented in Section 6.

2.2 Model

In this section, I introduce a model that builds on the insights developed by Olley

and Pakes (1996), Levinsohn and Petrin (2003), Ackerberg et al. (2015), Wooldridge

(2009), and Gandhi et al. (2020), henceforth OP, LP, ACF, Wooldridge, and GNR, re-

spectively. In the model, I abstract away from assuming an exogenous Markov process

governing the evolution of productivity and instead, propose an endogenous law of

motion for productivity in the spirit of recent papers by Doraszelski and Jaumandreu

(2013) and Bet (2017).

Each sector in the manufacturing industry is indexed by s = 1, ..., S and is popu-

lated by a finite set of firms indexed by j = 1, ..., J operating over periods t = 1, ..., T .

Let firm j’s output, capital, labour, and materials inputs in period t be represented

by (Qjt, Kjt, Ljt,Mjt), respectively. Let the log-transformed output, capital, labour,

and materials inputs be denoted by (qjt, kjt, ljt,mjt), respectively. Also, assume that



2.2. MODEL 13

firms take the price of an intermediate input (materials in my setting) as given. Sup-

pose that in period t, each firm chooses inputs, investment level, debt, and equity

financing to maximize the expected net present value of its future cash flows.

2.2.1 Production, Demand System, and Revenue

Suppose that each firm combines labour, capital, and materials inputs to produce

output using a Cobb-Douglas production function specified below:

Qjt = α0L
αls
jt M

αms
jt K

αks
jt exp(ζjt + εjt), (2.1)

where ζjt represents firm-specific Hicks-neutral productivity shock and εjt captures

both the idiosyncratic shocks and measurement error in the production process. No-

tice that both ζjt and εjt are not observable to the econometrician, however, the

former is a state variable that lies within the firm’s information set and may affect

inputs choices. Each firm sells horizontally differentiated products with a constant

elastic demand function for its output as illustrated below:

Qjt = Qst

(
Pjt
Pst

)ηs
exp(ejt(1 + ηs)), (2.2)

where Pjt is the firm’s own price, Pst and Qst denote the aggregate price index and

demand shifter in sector s, respectively.8 The parameter ηs is the elasticity of sub-

stitution across horizontally differentiated products in sector s and ejt captures the

8One major issue posed by this demand system is that the demand shocks are not separately
identified from the productivity shocks. To the degree that this is ignored, the production function
estimates will be biased. De Loecker (2011) used quota restrictions in the Belgian textile market
to identify shocks to the demand system and assess the effects of trade liberalization on productiv-
ity. Due to limitations on the data that I am using, I do not purge out demand shocks from the
productivity shocks.
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unobserved (to the econometrician, but not to the firm) random shocks to the firm’s

demand system.

Given the equations for physical output, demand system, and output price, a

firm’s revenue function can be expressed as follows:

Yjt = PjtQjt, (2.3)

Taking logs of equations (2.1)–(2.3), we get the following equations, respectively

qjt = α0 + αlsljt + αmsmjt + αkskjt + ζjt + εjt (2.4)

qjt = qst + ηs(pjt − pst) + ejt(1 + ηs) (2.5)

yjt = pjt + qjt (2.6)

Solving for pjt in equation (2.5) and then plugging it into equation (2.6), we get the

following equation upon rearranging:

yjt =

(
1 + ηs
ηs

)
qjt + pst −

1

ηs
qst −

(
1 + ηs
ηs

)
ejt (2.7)

Then plugging equation (2.4) into (2.7), and using y∗jt = yjt − pst to denote deflated

revenues, we obtain the following equation that maps inputs into revenues:

y∗jt = β0 + βlsljt + βmsmjt + βkskjt + ωjt + εjt, (2.8)

where εjt is the productivity shock and the transformed unobserved productivity term

is given by ωjt = (ζjt + ejt)
(

1+ηs
ηs

)
+ qst

ηs
. Notice that the unobserved productivity

shock term has been constructed such that its level can be shifted by shocks to
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output demand and physical productivity. The coefficients βf =
(

1+ηs
ηs

)
αf , for all

f ∈ {l,m, k}, depict the link between the vector of parameters mapping inputs into

output and that translating inputs into revenues.

2.2.2 The Firm’s Optimization Problem

Here, I briefly outline a dynamic model where firm j chooses its investment level

(Ijt), equity financing (Ejt+1), debt financing (Djt+1), and inputs to maximize dis-

counted value of future cash flows. Firms need funds to finance innovation and other

operations, thus debt and equity are assumed to affect the path of productivity. The

dynamic optimization problem of firm j in period t is illustrated by the Bellman

equation depicted below:

V (Xjt) = max
Ljt,Mjt,Ijt,Djt+1,Ejt+1

{π(Ljt,Mjt, Kjt|Xjt)− CL(Ljt)− CI(Ijt)− CD(Djt)

− CE(Ejt) + ρE[V (Xjt+1)|Xjt, Ijt, Djt, Ejt]},
(2.9)

where V (·) is the value function, Xjt = (Kjt, Ljt−1, ωjt, P
k
jt, P

l
jt, P

m
t ) is a vector of

state variables, π(·) is the profit function for the firm, and ρ is the discount factor.

The prices for capital, labour, and materials inputs are denoted by P k
jt, P

l
jt, and Pm

t ,

respectively. In the above equation, CL(·), CI(·), CD(·), and CE(·) are the adjustment

cost functions for labour, physical capital investment, debt, and equity financing,

respectively.9 The solution to the dynamic programming problem is characterized

9As demonstrated by Doraszelski and Jaumandreu (2013) the exact forms of these costs are
immaterial to the estimation of the model parameters. The adjustment cost functions can also be
assumed to be just converting the logs of inputs and other choice variables into levels to keep the
model tractable.
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by a set of policy functions Ljt = hl(Xjt), Ijt = hi(Xjt), Djt = hD(Xjt), and Ejt =

he(Xjt) for labour, physical capital investment, corporate debt, and equity financing,

respectively. Given that I will be exploiting an approach suggested by GNR to non-

parametrically identify the parameters of the production function, I do not need to

explicitly characterize the actual functional forms of these policy functions.

The law of motion for physical capital is denoted by Kjt+1 = (1 − δ)Kjt + Ijt,

where Kjt and Ijt are firm j’s physical capital stock and investment level in period

t, respectively and δ is the fixed depreciation rate of physical capital. This suggests

that freshly installed capital becomes useful after one period. I assume that labour

is a dynamic input that is chosen with lags. This assumption can be rationalized

by firing and hiring costs and other indirect costs that firms incur when contracting

labour. Similarly, debt and equity financing decisions are assumed to be dynamic

to reflect the time it takes to obtain funds and identify, develop, and commercialize

potential innovation projects and other operations that will be funded using debt

and/or equity.

Following GNR, I use the demand for materials input to proxy for unobserved

productivity. The intuition is that firm’s demand for flexible inputs is decided after

productivity is realized and must, therefore, contain some information about the

unobserved productivity. Also, I follow the literature by assuming that the only

unobserved element in the demand function for materials input is the productivity, ω.

Furthermore, the materials input demand function is assumed to be strictly monotone

in ω. Given these assumptions, firm j chooses materials input in period t to solve the
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following problem:

max
Mjt

PtEt{β0LβljtM
βm
jt K

βk
jt exp(ωjt + εjt)|Ijt} − Pm

t Mjt, (2.10)

where Ijt represents the firm’s information set as of period t. The first-order condition

of the above problem is shown below:

βmPt{β0LβljtM
βm−1
jt Kβk

jt }exp(ωjt)Et{exp(εjt|Ijt)} = Pm
t (2.11)

Assuming that εjt is independent of firm’s information set in period t, which implies

Et{exp(εjt|Ijt)} = Et{exp(εjt)}, we can solve the first-order condition to derive the

equation for the demand of materials inputs, mjt = Mt(ljt, kjt, ωjt). Given that the

only unobserved element in this function is ωjt, the demand function can be inverted

to solve for ωjt.

2.2.3 Endogenous Productivity Process

Instead of assuming an exogenous Markov process for the unobserved productivity in

the spirit of OP, LP, ACF, and Wooldridge, I endogenize the evolution of productiv-

ity process by characterizing future productivity as a function of past productivity

and changes in equity and debt financing, subject to random innovations.10 This

abstraction allows me to directly link changes in firm-level productivity to variations

10Other papers that have adopted an endogenous law of motion governing the evolution of pro-
ductivity include De Loecker (2011) who studies trade liberalization and productivity, Doraszelski
and Jaumandreu (2013) who examine R&D and productivity, and De Loecker and Goldberg (2014)
who investigate firm performance and globalization.
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in corporate debt and equity financing. The expected productivity is, therefore, il-

lustrated by the following controlled Markov process:

ωjt = Et(ωjt|ωjt−1,∆debtjt,∆equityjt) + ξjt, (2.12)

where ξjt denotes mean independent random shock to expected productivity, which

captures not just the uncertainties in the productivity process, but also the stochastic

nature of access to external and internal financing. Take note that the expected

productivity, Et(ωjt), given past information, is assumed to be a linear function of

lag of productivity (ωjt−1), growth in corporate leverage level from period t − 1 to

period t, (∆debtjt), and growth in equity financing (∆equityjt) and is represented by

the following function:

Et(ωjt) = gs(ωjt−1,∆debtjt,∆equityjt) (2.13)

2.3 Data

The empirical analysis in this paper exploits the Standard & Poor’s Compustat An-

nual Fundamentals data.11 The data contain firm-level information about revenues,

inputs, debt levels, equity holdings, sales, capital expenditures, among others for all

listed firms in the US. I restrict the sample to firms in the manufacturing sector during

the period 1980–1996. The sample period stops in 1996 because in 1997, there was a

shift from the Standard Industrial Classification (SIC) system to the North American

Industrial Classification System (NAICS) and this transition led to restructuring of

11The S&P’s Compustat data collect vital financial and economic information on all publicly
traded firms in the US from 1962–present.
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sectors within the manufacturing industry with some sectors exiting and others en-

tering the industry. Thus, excluding post 1996 period allows for consistent definition

of sectors within the manufacturing industry. Firms that engage in manufacturing

activities are associated with the SIC codes 2000–3999. To investigate heterogeneities

across sectors in the manufacturing industry, I consider the following sectors: Food

and Beverages; Textiles, Apparel, and Leather; Timber and Furniture; Paper and

Printing; Rubber and Miscellaneous Manufacturing; Primary Metal Products; Chem-

icals; Petroleum Refining; Stone, Clay, Glass and Concrete Products; Machinery and

Equipment; Electrical Machinery and Apparatus; Transportation Equipment; and

Medical Instruments.

In the empirical analysis, output is proxied using deflated sales at the firm level.

I take the book-value of capital as the gross sum of the values of property, plant and

equipment, deflated by the new investment price index.12 Total debt is constructed as

a sum of short-term debt (expected to be paid off within a year) and long-term debt

(maturity exceeding a year). Equity is measured as the book value of total share-

holders’ equity in the data, which is basically a balance sheet item based on owned

assets and liabilities. Unfortunately, information on materials input is not observable

in the Compustat data. Employing a strategy similar to Cummins (1998), materi-

als input is measured as the difference between total expenses and labour expenses,

deflated by the total cost of materials deflators. The measure of labour expenses is

obtained as a product of the average industrial wages and the number of employees,

while the total expenses is estimated as the difference between sales and operating

income. The average industrial wages are obtained from Bartlesman and Gray (2001)

12The market value of capital is not used because it may reflect market expectations about future
growth and productivity. This can exacerbate measurement error.
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on the NBER website. Total debt is taken as the sum of long term and short term

debt holdings. I approximate firm’s age as the difference between the first time it

was publicly listed and the financial year. The summary statistics of the data (sales,

capital, labour, materials, total assets, R&D expenditures, equity, total debt, cash,

capital expenditures, and age) are reported in Table 2.1.13

2.3.1 Descriptive Statistics: Differences in Mean Firm Characteristics

To shed more light on the relationship between debt and equity financing and firm

characteristics, I compute the differences between mean characteristics of firms with

high debt (equity) and low debt (equity) levels. A firm is classified as high-debt

(high-equity) if its debt (equity) level is in the fourth or fifth quintile of the debt

(equity) distribution. In contrast, low-debt (low-equity) firms are those whose debt

(equity) levels fall in the first or second quintile of the distribution.

Table 2.2 looks at the mean characteristics and their differences between low-debt

and high-debt firms. From this table, it is clear that high-debt firms tend to be larger

(with more sales, total assets, and inputs) relative to those with lower debt levels

on average. In terms of factor intensity, the capital-labour ratio for high-debt firms

is on average about 71% higher than that of low-debt firms.14 On average, high-

debt firms seem to commit more resources to innovative projects with approximately

104% more expenditures on R&D relative to those with low debt. Furthermore, high-

debt firms tend to have more cash holdings, higher shareholder equity, and larger

capital expenditures. Similarly, the average age of a high-debt firms is approximately

140.8% more than that of low-debt firms. More importantly, high-debt firms are more

13All nominal values are deflated using industry deflators taken from Bartlesman and Gray (2001)
on NBER website. The deflators are reported at the 4-digit level of SIC system

14To arrive at this percentage difference, I use this formula: (e0.537 − 1)x100% = 71.1%.
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productive based on sales per worker criterion, with an average productivity that is

about 56% higher than that of low-debt firms.

Table 2.3 reports the mean differences in variables for high-equity and low-equity

firms. First, firms that issue more equity are bigger in size, with larger sales, total

assets, and inputs relative to low-equity firms. Similarly, high-equity firms are more

capital-intensive on average, with a capital-labour ratio that is about 84% larger than

that of low equity firms. Furthermore, high-equity firms spend more on R&D, borrow

more, have more cash, and larger capital expenditures compared to those that issue

low equity. Last but not the least, high-equity firms tend to be more productive based

on sales per worker criterion. On average, the productivity level of high-equity firms

is roughly 56.5% higher than that of firms with low equity.

2.3.2 Descriptive Statistics: Financing and Firm Characteristics

Next, I empirically explore the relationship between corporate debt and equity financ-

ing and firm characteristics by estimating the following equation using an Arellano-

Bond estimator:

yjt = α0 + yjt−1 + α1debtjt + α2equityjt + εjt, (2.14)

where yjt denotes the log of dependent variable (sales, capital, labour, materials,

capital intensity, assets, R&D expenditure, productivity (sales/labour), cash, and

capex), debtjt is the log of debt, equityjt is the log of equity, and εjt is the error term.

The results obtained from running the above regression are presented in Table 2.4.

In the first column, it is evident that equity is significantly correlated with several

firm-level characteristics. A 10% increase in equity is associated with about 1.5%
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increase in sales and capital. Similarly, a 10% increase in equity is correlated with

approximately 1.6% and 1.1% increase in labour and materials inputs, respectively. In

addition, a 10% increase in corporate equity financing is associated with economically

and statistically significant positive changes in total assets (about 3.3%), cash holding

(roughly 3.6%), and capex (approximately 4.1%). Furthermore, a 10% increase in

equity financing is expected to increase firm’s spending on innovative activities (by

1.3%) and productivity, proxied by sales per worker, by about 1%. Surprisingly,

changes in equity financing are not correlated with factor intensity, measured by

capital-labour ratio.

Column (2) reports the correlation between changes in corporate debt and firm

characteristics. Although the results are qualitatively similar to those of equity

changes, some cases have interesting signs and magnitudes. First, a 10% increase

in debt is correlated with about 0.1% increase in sales, close to 0.3% increase in cap-

ital, about 0.2% increase in labour, and roughly 0.1% increase in materials input.

These magnitudes are slightly smaller than those predicted by changes in equity fi-

nancing. In contrast, a 10% increase in debt is predicted to increase capital-labour

ratio by approximately 0.08%. On the other hand, a 10% increase in leverage is cor-

related with a statistically significant decrease in productivity (about 0.2%), as well

as a reduction in cash (roughly 0.3%). The sign on cash can be intuitively explained

by the fact that firms have to service debt by repaying the loan principal and any

interest accrued. These payments are, therefore, predicted to reduce a firm’s available

stock of cash.
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2.4 Empirical Strategy

Empirical findings presented in Table 2.4 suggest that equity and debt financing have

statistically and economically important relationships with firm-level productivity.

The gist of subsequent sections of this paper is to establish a causal link between

financing and productivity. To achieve this objective, I start by describing the iden-

tification of production function.

2.4.1 Identification of Production Function

The main econometric challenge in identifying production function parameters em-

anates from the correlation between inputs choices and the unobserved productivity.

To counter this hurdle, I briefly present a non-parametric framework developed by

GNR. The key insight is that the proxy variable approach of OP, LP, and Wooldridge

are not sufficient for parametric identification without additional sources of variation

or exclusion restrictions in the demand for flexible inputs such as input prices and

policy variations, for example. These requirements are not usually satisfied due to

limitations of most plant-level data (see, for example, Bond and Söderbom, 2005 and

ACF). Furthermore, Griliches and Mairesse (1995) show that instrumental variables

and fixed-effects models are theoretically inadequate in tackling simultaneity bias

because they can exacerbate the problem of misspecification.

GNR demonstrate that the production function is non-parametrically identified

using a two-stage estimator. In the first step, the elasticity of output with respect

to flexible input is identified by non-parametrically regressing the materials input’s

revenue share on labour, capital, and materials input. This regression yields a partial
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differential equation that can be solved to obtain βm.15 In the second stage, they em-

ploy dynamic panel methods by using lags of capital and labour inputs as instruments

to generate conditional moments that are exploited to recover the remaining produc-

tion function parameters. Given that I am estimating a controlled Markov process

for productivity, I include changes in equity and debt financing as linear terms in the

second stage equation of the estimation process.

2.5 Results and Discussions

This section presents the empirical results of the relationship between productivity

and equity and debt financing. I estimate a dynamic panel data model where pro-

ductivity today is a function of its first lag, equity growth, debt growth, and a vector

of control variables. The econometric model is specified below:

yjt = θ0 + θ1yjt−1 + θ2∆equityjt + θ3∆debtjt +X ′jtλ+ µjt, (2.15)

where, yjt denotes either log of productivity or productivity growth (difference in logs)

for firm j in period t and yjt−1 is the lag of yjt, respectively.16 ∆equityjt and ∆debtjt

refer to firm j’s equity growth and growth of debt financing from period t−1 to period

t, respectively. Note that debt and equity financing levels have been normalized by

the value of total assets before computing their corresponding growth values. X ′jt

is a vector of control variables in logs (age, capital expenditures, cash holdings, and

R&D intensity (R&D/sales)). The error term is denoted by µjt. I estimate the above

15The partial differential equation is a non-parametric version of a parametric approach that uses
revenue shares to identify the elasticity of revenue function with respect to the flexible input.

16For the stability of a dynamic process, it is important to mention that θ1 must be less than 1
in absolute terms.
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equation using Arellano-Bond dynamic panel data approach (Arellano and Bond,

1991). This approach employs lagged levels and lagged differences to instrument for

first-difference equations in a GMM framework to control for autocorrelation of the

residuals caused by the lag of the dependent variable.17

2.5.1 Baseline Model: OLS Residuals as a Proxy for TFP

In the baseline case, I approximate firm-level productivity using OLS residuals from

the regression of gross output on inputs and time dummies. Comparing the estimates

of a regression that uses OLS residuals as a proxy for TFP with the one where

TFP is estimated while controlling for correlation between inputs and unobserved

productivity helps in gauging how well the estimates using GNR model perform in

addressing simultaneity bias.

Table 2.5 presents the results of effects of debt and equity financing on produc-

tivity, measured using OLS residuals. The first column excludes time dummies and

control variables, the second column includes only time dummies, and the third col-

umn includes both time dummies and controls. The coefficients on first lag of pro-

ductivity are all positive and statistically significant, suggesting that productivity is

persistent. A 10% increase in equity growth from period t− 1 to period t results in a

statistically significant increase in productivity of about 2.08%–2.22%, depending on

whether or not time dummies and controls are included in the model. In contrast, a

10% increase in debt growth from period t− 1 to period t decreases productivity by

about 0.11%–0.13%. This is potentially due to increase in the probability of financial

distress that comes with debt financing. The absolute magnitude of the lag of the

17Because of serial correlation introduced by the lag of the dependent variable, we cannot use an
OLS or fixed-effects models to estimate a dynamic panel data model. The OLS tend to overestimate
and the fixed-effects underestimates the dynamic panel data model (Bond, 2002)
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dependent variable is less than unity. The dynamic panel data model is, therefore,

dynamically stable in all three specifications.

I also examine the effect of changes in equity and debt growth on productivity

growth. Table 2.6 summarizes the results of the regression of productivity growth on

its first lag, debt growth, equity growth, time dummies, and controls. Column (1)

shows that a 10% increase in growth of equity from period t− 1 to period t increases

firm-level productivity growth by about 2.35% on average. When I include time

dummies (second column) and controls (third column), this effect becomes 2.25%

and 2.17%, respectively. On the other hand, debt growth is predicted to decrease

productivity growth by about 0.17%–0.22%. Compared to the changes in productivity

levels predicted by changes in equity and debt, productivity growth appears to be

more responsive to changes in financing relative to productivity levels. Once again,

the absolute value of the coefficient on the lag of the dependent variable is less than

unity.

2.5.2 Controlling for Endogeneity in TFP Estimation

As discussed previously, using OLS residuals from a regression of output on inputs

fails to account for the positive correlation between inputs and the unobserved pro-

ductivity. This transmission bias results in overestimation of the actual effects of debt

and equity financing on productivity because the increase in TFP that is associated

with using more inputs can be wrongly attributed to financing. Intuitively, this means

that the resulting effect of financing on TFP predicted by the OLS model includes

the effect induced by firms varying their inputs usage following a productivity shock.

I obtain a consistent and unbiased estimate of TFP using an approach suggested by
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Gandhi et al. (2020). I then re-estimate equation 2.15 using this quantity as my

lagged dependent variable.

It is clear from Table 2.7 that the effects of debt and equity growths on TFP are

statistically and economically significant, albeit smaller than those predicted by the

model that used OLS residuals. This suggests that the GNR model helps in alleviating

the impact of transmission bias in the expected direction. With this in mind, I find

that on average, a 10% increase in equity growth raises productivity by about 0.31%–

0.41% depending on the specification of the regression model. In contrast, a 10%

increase in debt growth is estimated to cause approximately 0.09%–0.10% decline in

firm-level productivity on average. One plausible explanation for why some firms

might still choose debt financing despite the negative effect on productivity is the

tax deductibility of interest payments on debt financing. Similarly, smaller firms

might find it cheaper and easier to issue debt than to compete for equity with larger

and well-established firms. Furthermore, productivity tends to persist over time on

average with a 10% increase in productivity today expected to increase productivity

next period by 4.70%–5.90%.

Table 2.8 reports the results of the effect of changes in equity and debt growth on

productivity growth. Notably, the effect of a 10% increase in debt growth on TFP

growth is quite similar in magnitude to the effect on TFP level across all specifications.

However, the estimates of the impact of equity growth on TFP growth are higher

than those on TFP levels. In particular, a 10% increase in equity growth is estimated

to cause approximately 0.41%–0.51% increase in productivity growth, compared to

roughly 0.31%–0.41% increase in TFP levels. Similarly, the absolute value of the

coefficient on the lag of TFP growth is of the expected size.



2.5. RESULTS AND DISCUSSIONS 28

The results presented in Tables 2.7 and 2.8 are smaller in comparison to the

ones reported in Tables 2.5 and 2.6. This suggests that the productivity measure

estimated using a first-order controlled Markov process of the GNR model performs

well in mitigating the inherent transmission bias due to backing out productivity as

a residual from an OLS regression of output on inputs.

The agency cost theory of capital structure (see, for example, Jensen and Meck-

ling, 1976 and Jensen, 1986) could provide a possible explanation as to why debt

and equity financing might have opposite effects on productivity. The theory posits

that debt financing is risky in that it increases the probability of financial distress or

bankruptcy. Similarly, debt financing reduces cash flow as firms have to service debt

through interest and principal repayment. This may lead to inefficiencies and higher

probability of financial distress, which could have a negative impact on productivity.

Seminal work by Modigliani and Miller (1958) demonstrates that if firms operate

in the absence of taxes, bankruptcy costs, agency costs, and asymmetric informa-

tion, and in an efficient market, then the value of a firm is not affected by its capital

structure– debt or equity financing. The agency costs theory elaborated above, there-

fore, illustrates a more realistic environment in which firms operate compared to the

Modigliani-Miller theory.

2.5.3 Reverse Causality

One of the biggest threats to causal interpretation of empirical predictions made in

this paper is reverse causality. That is, it could be the case that firms that anticipate

to realize higher productivity shocks are the ones that choose to or find it easier

to obtain more equity and debt financing. If this is true, then it is the changes in
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productivity (or productivity growth) that cause changes in debt and equity financing,

and not the converse. I rely on a timing assumption to suggest that firms cannot

immediately change their financing decisions after realizing their productivity shocks

because it takes time to identify, develop, and commercialize innovative projects and

operations that will be financed by internal and external funds.

To formally test whether my results are potentially confounded by reverse causal-

ity, I decompose TFP into expected and the unexpected components and then run a

regression growth of equity and debt on each of these two measures with a set of con-

trol variables. The expected component is simply the lag of TFP in period t, whereas

the part of the TFP that is not predictable from lagged productivity is referred to as

the unexpected portion of the TFP. Given that I am assuming a controlled Markov

process, I have ωjt = g(ωjt−1,∆debtt,∆equityt) + ξjt, with the first term denoting

expected TFP and the second term represents part of TFP that is not predictable

from lagged productivity alone.18 This exercise is important because it allows us to

separate the part of TFP that lies within firms’ information set, which is reasonably

expected to be correlated with financing decisions, from the stochastic part of TFP

that is potentially not correlated with current or past financing decisions. If the hy-

pothesis that financing has a causal effect on TFP and TFP growth holds, then the

direction of causality runs from financing to productivity and we should find that

only the unexpected component of the TFP (and TFP growth) that lies outside the

firm’s information set is correlated with debt and equity financing.

Table 2.9 presents the result from separately regressing the two sources of financing

on the expected and unexpected components of TFP, and a set of controls. From

18GNR demonstrates that in the equation of productivity, ωjt = h(ωjt−1) + ηjt, the parameters
ωjt−1 and ηjt are the expected and unexpected components of TFP, respectively.
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columns (1) and (2), we can see that changes in the expected TFP have no effect on

equity and debt growth. However, changes in the part of the TFP not predictable from

lagged productivity alone have significant effects on debt and equity growth. These

results collectively indicate that debt and equity financing decisions have a causal

relationship with TFP, and there is no evidence to believe that reverse causality is

driving the results.

2.5.4 Within-Industry Heterogeneity

In this section, I examine the variation of productivity effects of corporate equity

and debt financing across sectors in the manufacturing industry. Studying within-

industry heterogeneity is important because it is possible that there exist some sector-

specific factors (such as degree of competition and extent of government regulations,

for instance) that affect the cost of obtaining funds, scope and cost of innovation

activities, competition for workers, among others, which can translate to disparate

elasticities of productivity with respect to equity and debt financing.

Another plausible factor that could explain the differential effects of financing

across sectors is relative R&D intensity across sectors. Sectors in the manufacturing

industry differ in the level of R&D that they conduct, which could result in variation

in the demand and utilization of different sources of financing. Hall and Lerner (2010)

argue that since R&D investment is a sunk cost that reduces future cash flow, R&D

intensive firms are reluctant or unable to obtain debt financing because they might

not be able to service that debt due to limited cash flows. In addition, banks might

not be willing to lend to R&D intensive firms as they prefer to use tangible assets as

collateral for loans instead of intangible R&D capital. Thus, sectors that are R&D
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intensive are more likely to rely on equity financing as opposed to debt financing, and

this could suggest different returns to these two sources of financing.

To investigate the within-industry differential effects of financing, I consider the

following sectors: Food and Beverages; Textiles, Apparel, and Leather; Timber and

Furniture; Paper and Printing; Rubber and Miscellaneous Manufacturing; Primary

Metal Products; Chemicals; Petroleum Refining; Stone, Clay, Glass and Concrete

Products; Machinery and Equipment; Electrical Machinery and Apparatus; Trans-

portation Equipment; and Medical Instruments.

Table 2.10 reports the results of productivity effects of equity and debt financing by

each sector. In the first column, it is clear that the average effect of a 10% increase

in equity financing on TFP varies markedly across sectors between –0.09%–1.37%.

The largest effect of growth of equity financing is observed in the Chemicals sector

where a 10% increase in equity growth leads to approximately 1.4% increase in TFP.

Although statistically insignificant, the results suggest a negative productivity effect

of equity growth in Textiles, Apparel, and Leather; Primary Metal Products; and

Petroleum and Refining sectors. Column (2) reveals that the impact of a 10% increase

in debt growth ranges from –0.01%–0.05%. Although statistically insignificant, the

model predicts a positive effect of debt financing on food and beverages, timber and

furniture, and rubber and miscellaneous manufacturing sectors. Among all the sectors

examined, the largest effect of debt financing negatively is seen in the textiles, apparel,

and leather sector (–0.60%).

Table 2.11 demonstrates that the effect of a 10% increase in equity financing on

TFP growth is positive and statistically significant in five sectors (Paper and Print-

ing (0.63%), Chemicals (2.34%), Machinery and Equipment (0.56%), and Electrical
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Machinery (0.61%), and Medical Instruments (0.56%)). Moreover, I find that equity

financing leads to negative productivity growth in four sectors (Textiles, Apparel,

and Leather (–0.23%); Primary Metal Products (–0.46%); Petroleum Refining (–

0.06%); and Stone, Clay, and Concrete Products (–0.27%)), although the coefficients

of the latter three sectors are not statistically significant. The predicted effect of

debt growth on TFP growth exhibits considerable variation across sectors as shown

in Column (2). Debt growth causes the largest decline in TFP growth in Textiles,

Apparel, and Leather sector, where a 10% increase debt growth lowers TFP growth

by 0.73%. Contrary to the results obtained when all sectors are pooled together,

I find that debt growth has a positive, although statistically insignificant, effect on

TFP growth in the following sectors: Food and Beverages, Timber and Furniture,

and Stone, Clay, and Concrete Products.

2.5.5 Robustness Checks

In order to test the sensitivity of key empirical predictions, I consider sales per worker

as an alternative measure of productivity. As depicted in Tables 2.12 and 2.13, the

results are qualitatively similar to those estimated using the TFP from GNR and OLS

residuals. The results in Table 2.12 illustrate that a 10% increase in equity growth

raises labour productivity by about 0.41%–0.53% on average. A similar change in debt

growth is predicted to hamper labour productivity growth by about 0.09%–0.10%.

I also examine the sensitivity of the impact of debt and equity growths on produc-

tivity growth using labour productivity growth as a proxy for TFP growth. Table 2.13

demonstrate that the results are once again qualitatively similar to those reported in

Tables 2.6 and 2.8. In addition to this, the coefficient on the lag of the dependent
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variable satisfies the the key requirement for dynamic stability.

In addition, I have also investigated the sensitivity of my empirical predictions

to alternative models of financing. In particular, I have considered combining debt

and equity financing to create a new variable, that I denote as total financing. I

also separately regressed TFP on each source of financing. As can be seen from

Tables A.1–A.3 in the appendix section, the results from these alternative models are

qualitatively similar to those presented in Tables 2.7–2.8.

2.6 Conclusion

This chapter empirically examines productivity effects of corporate debt and equity

financing. Building on insights from the literature of production function estimation,

I develop a model in which a firm’s current productivity is an endogenous function of

past productivity, debt, and equity financing. Using a panel of publicly listed firms

in the manufacturing industry in the USA, my empirical results reveal that equity

financing has an economically and statistically significant causal impact on both TFP

level and TFP growth. In contrast, I document that debt growth is detrimental to

TFP levels and TFP growth at the plant-level, which contradicts some of the empirical

findings in the literature. Additionally, I find that these effects vary markedly across

different sectors within the manufacturing industry.

I address the question of whether key results are being driven by reverse causality

using a timing assumption argument that firms cannot immediately change their

financing choices after realizing their productivity shocks because it takes time to

identify, develop, and commercialize innovative projects and operations that will be

financed by debt and equity. I formally test for this by first decomposing TFP into
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expected and unexpected components and then I separately regress changes in debt

and equity financing on each of these components, and a set of control variables. I

find that the relationship between financing and productivity stems largely from the

unexpected part of TFP. This rules out any effect of reverse causality.

Finally, this paper leaves open some related questions for further research oppor-

tunities. First, it would be interesting to explore the main channels through which

financing affects TFP and TFP growth. Also, more work is required to understand

reasons for heterogeneous effects of financing across different sectors within the man-

ufacturing industry. That is, are there certain sectors where we would expect the

effects of financing to be stronger than in others? If so, why?
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2.7 Tables Chapter 2

Table 2.1: Summary Statistics: 1980-1996

Variable Mean SD Min. Max. Obs.
Sales 868.34 4907.59 0.00 133041.19 25177
Capital 567.98 3790.59 0.01 98492.60 25177
Labour 5.61 26.56 0.00 876.80 25177
Materials 573.39 3530.98 0.00 95075.24 25177
Assets 836.77 5684.74 0.15 204884.65 25177
R&D Expenditures 24.68 171.34 0.00 6936.87 25177
Equity 307.18 1522.45 0.00 35162.66 25177
Total Debt 230.14 2440.70 0.00 123960.25 25177
Cash 23.67 165.39 0.00 7047.83 25177
Capital Expenditures 61.65 436.68 0.00 22169.13 25177
Age 14.76 13.92 1.00 73.00 25177

Note: This table reports summary statistics at the firm level for the
period 1980–1996. All variables are in levels and are measured in
1987 prices in $million, except labour and age which are measured
in thousands of workers and in years, respectively.
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Table 2.2: Mean Firm Characteristics: Low-Debt vs High-Debt Firms

(1) (2) (3)
Low-Debt High-Debt (2)-(1)

Sales 2.266 6.084 3.817***
(0.046) (0.017) (0.025)

Capital 1.233 5.218 3.985***
(0.040) (0.017) (0.024)

Labour -2.112 1.336 3.448***
(0.017) (0.014) (0.020)

Materials 2.066 5.584 3.518***
(0 .042) (0.015) (0.022)

Capital Intensity (K/L) 3.345 3.882 0.537***
(0.029) (0.008) (0.012)

Assets 2.484 5.917 3.433***
(0.044) (0 .014) (0.020)

R&D Expenditure -2.065 -1.351 0.713***
(0.050) (0.050) (0.070)

Equity 2.034 4.993 2.960***
(0.039) (0.016) (0.023)

Cash -1.328 0.039 1.368***
(0.041) (0.041) (0.059)

Capex -0.910 2.853 3.763***
(0.030) (0.022) (0.031)

Age 1.884 2.763 0.879***
(0.021) (0.008) (0.012)

Productivity (Sales/Labour) 4.378 4.748 0.370***
(0.035) (0.009) (0.012)

Observations 10071 10070 20141

Note: This table reports mean characteristics and their differences based on
debt levels for the period 1980–1996. High-debt firms are in the fourth and fifth
quintiles of debt distribution, while the low-debt firms are those in the first and
second quintiles of the distribution. All variables are in logs. Standard errors
are in parentheses and ***p<0.01, **p<0.05, and *p<0.1.
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Table 2.3: Mean Firm Characteristics: Low-Equity vs High-Equity Firms

(1) (2) (3)
Low-Equity High-Equity (2)-(1)

Sales 2.110 6.167 4.057***
(0.048) (0.016) (0.022)

Capital 1.082 5.299 4.218***
(0.041) (0.016) (0.022)

Labour -2.228 1.381 3.609***
(0 .019) (0.013) (0.019)

Materials 1.871 5.667 3.796***
(0.042) (0.014) (0.020)

Capital Intensity (K/L) 3.309 3.918 0.609***
(0.029) (0.008) (0.012)

Assets 2.197 6.049 3.852***
(0.046) (0.012) (0.018)

R&D Expenditure -2.973 -0.695 2.279***
(0.049) (0.049) (0.069)

Debt -0.862 3.454 4.316***
(0.044) (0.036) (0.051)

Cash -1.973 0.464 2.437***
(0.040) (0.040) (0.057)

Capex -1.237 3.037 4.274***
(0.029) (0.020) (0.028)

Age 1.949 2.741 0.792***
(0 .022) (0.008) (0.012)

Productivity (Sales/Labour) 4.338 4.786 0.448***
(0.033) (0.008) (0.012)

Observations 10071 10070 20141

Note: This table reports mean characteristics and their differences based on eq-
uity levels for the period 1980–1996. High-equity firms are in the fourth and fifth
quintiles of equity distribution, while the low-equity firms are those in the first and
second quintiles of the distribution. All variables are in logs. Standard errors are
in parentheses and ***p<0.01, **p<0.05, and *p<0.1.
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Table 2.4: Debt and Equity Financing and Firm Characteristics

(1) (2)
Dependent Variable Equity Debt
Sales 0.146*** 0.014***

(0.019) (0.003)

Capital 0.145*** 0.030***
(0.013) (0.002)

Labour 0.157*** 0.022***
(0.014) (0.002)

Materials 0.113*** 0.013***
(0.013) (0.002)

Capital Intensity (K/L) -0.004 0.008***
(0.009) (0.002)

R&D Expenditures 0.126*** 0.012**
(0.034) (0.005)

Productivity (Sales/Labour) 0.097** -0.021***
(0.040) (0.003)

Assets 0.330*** 0.026***
(0.026 ) (0.002)

Cash 0.360*** -0.030**
(0.059) (0.013)

Capex 0.408*** 0.048***
(0.040) (0.006)

Observations 17871 17871

Note: This table reports the results of Arellano-Bond regres-
sion of each dependent variable on its first lag, time dummies,
debt and equity financing. All variables are in logs. Standard
errors are presented in parentheses. ***p<0.01, **p<0.05, and
*p<0.1.
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Table 2.5: Effects of Equity and Debt on OLS Residuals

Dependent variable: Log(OLS Residualst)
(1) (2) (3)

Log(OLS Residualst−1) 0.085*** 0.163*** 0.154***
(2.701) (6.849) (6.477)

Equity growtht 0.222*** 0.216*** 0.208***
(5.396) (5.069) (4.993)

Debt growtht -0.013*** -0.013*** -0.011***
(-3.313) (-3.192) (-2.856)

N 8679 8679 8679
Time Dummies No Yes Yes
Controls No No Yes

Note: This table reports effects of growth of debt and equity financing
on log of productivity, measured by residuals from the OLS regression
of sales on inputs. Column(1) does not include controls and time dum-
mies, Column(2) includes time dummies, and Column(3) includes both
time dummies and log control variables (age, R&D intensity, cash, and
capital expenditures). T-stats are presented in parentheses. ***p<0.01,
**p<0.05, and *p<0.1.
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Table 2.6: Effects of Equity and Debt on OLS Residuals Growth

Dependent variable: ∆Residualst
(1) (2) (3)

∆Residualst−1 -0.215*** -0.230*** -0.231***
(-10.927) (-11.701) (-11.768)

Equity growtht 0.235*** 0.225*** 0.217***
(3.905) (3.753) (3.676)

Debt growtht -0.022*** -0.020*** -0.017***
(-4.236) (-3.854) (-3.339)

N 6761 6761 6761
Time Dummies No Yes Yes
Controls No No Yes

Note: This table reports effects of growth of debt and equity
financing on productivity growth, measured by the growth of
residuals from the OLS regression of sales on inputs. Column(1)
does not include controls and time dummies, Column(2) includes
time dummies, and Column(3) includes both time dummies and
log control variables (age, R&D intensity, cash, and capital ex-
penditures). T-stats are presented in parentheses. ***p<0.01,
**p<0.05, and *p<0.1.
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Table 2.7: Effects of Equity and Debt on TFP from the GNR Model

Dependent variable: Log TFPt

(1) (2) (3)
Log TFPt−1 0.470*** 0.590*** 0.534***

(5.177) (4.953) (4.944)

Equity growtht 0.036** 0.041*** 0.031**
(2.471) (2.631) (2.312)

Debt growtht -0.009*** -0.010*** -0.009***
(-3.426) (-3.353) (-3.253)

N 12678 12678 12678
Time Dummies No Yes Yes
Controls No No Yes

Note: This table reports effects of growth of debt and equity fi-
nancing on log of TFP estimated from the structural model that
assumes a controlled Markov process for productivity. Column(1)
does not include controls and time dummies, Column(2) includes
time dummies, and Column(3) includes both time dummies and
logs of control variables (age, R&D intensity, cash, and capital
expenditures). T-stats are presented in parentheses. ***p<0.01,
**p<0.05, and *p<0.1.
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Table 2.8: Effects of Equity and Debt on TFP Growth from the GNR
Model

Dependent variable: ∆TFPt

(1) (2) (3)
∆TFPt−1 -0.389 -0.389 -0.370

(-1.531) (-1.530) (-1.545)

Equity growtht 0.051*** 0.051*** 0.041**
(2.964) (2.971) (2.578)

Debt growtht -0.010*** -0.010*** -0.009***
(-3.188) (-3.185) (-3.256)

N 10652 10652 10652
Time Dummies No Yes Yes
Controls No No Yes

Note: This table reports effects of growth of debt and equity fi-
nancing on growth of TFP estimated from the structural model
that assumes a controlled Markov process for productivity. Col-
umn(1) does not include controls and time dummies, Column(2)
includes time dummies, and Column(3) includes both time dum-
mies and logs of control variables (age, R&D intensity, cash,
and capital expenditures). T-stats are presented in parentheses.
***p<0.01, **p<0.05, and *p<0.1.
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Table 2.9: TFP Decomposition and Financing

(1) (2)
Equity growtht Debt growtht

Expected TFPt -0.001 0.001
(-1.219) (1.760)

Unexpected TFPt (ξt) 0.043∗∗∗ -0.101∗∗∗

(8.425) (-4.025)

Assets growtht -0.004 0.435∗∗∗

(-0.168) (6.207)

Cash 0.004∗∗∗ -0.015∗∗∗

(6.125) (-7.425)

R&D intensity 0.004∗∗∗ 0.007∗∗∗

(5.619) (3.506)
N 15078 15078

Note: This table reports results of separate regressions of equity
growth (Column 1) and debt growth (Column 2) on expected and
unexpected components of TFP on debt and equity financing and
a set of control variables. The unexpected TFP component is
the part of productivity that is not predictable from lagged pro-
ductivity alone. The t-statistics are presented in the parentheses.
***p<0.01, **p<0.05, and *p<0.1.
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Table 2.10: Heterogeneity of the Effects of Equity and Debt on TFP

Dependent variable: TFPt

(1) (2) (3)
Sector Equity growtht Debt growtht N
Food and Beverages 0.095** 0.005 554

(2.042) (1.089)

Textiles, Apparel and Leather -0.010 -0.060* 280
(-0.777) (-1.738)

Timber and Furniture 0.061* 0.002 380
(1.917) (0.608)

Paper and Printing 0.034 -0.007* 831
(1.475) (-1.876)

Rubber and Miscellaneous Mfg. 0.029 0.000 757
(1.597) (0.077)

Primary Metal Products -0.078 -0.044** 852
(-0.952) (-1.938)

Chemicals 0.137** -0.011 2090
(2.191) (-0.966)

Petroleum and Refining -0.009 -0.023*** 279
(-0.206) (-3.427)

Stone, Clay, and Concrete 0.001 -0.001 137
(0.172) (-0.299)

Machinery and Equipment 0.049* -0.009* 2331
(1.719) (-1.855)

Electrical Machinery 0.055*** -0.021*** 2739
(3.263) (-2.959)

Transportation 0.028 -0.011 970
(1.134) (-1.551)

Medical Instruments 0.051** -0.004 2878
(2.488) (-1.303)

Note: This table reports effects of growth of debt and equity
financing on TFP estimated from the structural model for each sector in the manu-
facturing industry. The regression includes time dummies and control variables (age,
R&D intensity, cash, and capital expenditures). T-stats are presented in parentheses.
***p<0.01, **p<0.05, and *p<0.1.
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Table 2.11: Heterogeneity of the Effects of Equity and Debt on TFP Growth

Dependent variable: ∆TFPt

(1) (2) (3)
Sector Equity growtht Debt growtht N
Food and Beverages 0.061 0.010 475

(1.276) (1.426)

Textiles, Apparel, and Leather -0.023*** -0.073** 230
(-4.408) (-2.507)

Timber and Furniture 0.043 0.002 315
(1.285) (0.755)

Paper and Printing 0.063** -0.002 715
(2.486) (-0.696)

Rubber and Miscellaneous Mfg. 0.019 0.003 626
(1.096) (0.457)

Primary Metal Products -0.046 -0.044 708
(-0.647) (-1.600)

Chemicals 0.234** -0.016 1737
(2.374) (-1.319)

Petroleum and Refining -0.006 -0.023*** 248
(-0.130) (-2.856)

Stone, Clay, and Concrete -0.027 0.000 111
(-0.775) (0.034)

Machinery and Equipment 0.056** -0.006 1966
(2.180) (-1.085)

Electrical Machinery 0.061*** -0.018** 2310
(3.614) (-1.976)

Transportation 0.034 -0.018 834
(1.238) (-1.181)

Medical Instruments 0.056** -0.004 2403
(2.296) (-0.841)

Note: This table reports effects of growth of debt and equity
financing on TFP growth, estimated from the structural model for each sector in the
manufacturing industry. The regression includes time dummies and control variables
(age, R&D intensity, cash, and capital expenditures). T-stats are presented in paren-
theses. ***p<0.01, **p<0.05, and *p<0.1.
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Table 2.12: Effects of Debt and Equity on Labour Productivity

Dependent variable: Log(Sales/Labourt)
(1) (2) (3)

Log(Sales/Labourt−1) 0.848*** 0.548*** 0.459***
(23.312) (11.518) (10.540)

Equity growtht 0.043*** 0.053*** 0.041***
(2.723) (3.875) (3.348)

Debt growtht -0.010*** -0.010*** -0.009***
(-3.091) (-3.507) (-3.581)

N 17871 17871 17871
Time Dummies No Yes Yes
Controls No No Yes

Note: This table reports effects of growth of debt and equity
financing on log of labour productivity. Column(1) does not include
controls and time dummies, Column(2) includes time dummies, and
Column(3) includes both time dummies and logs of control variables
(age, R&D intensity, cash, hiring rate, kand capital expenditures). T-
stats are presented in parentheses. ***p<0.01, **p<0.05, and *p<0.1.
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Table 2.13: Effects of Equity and Debt on Labour Productivity Growth

Dependent variable: ∆(Sales/Labour)t
(1) (2) (3)

∆(Sales/Labour)t−1 -0.167*** -0.166*** -0.169***
(-5.081) (-5.024) (-5.441)

Equity growtht 0.064*** 0.066*** 0.054***
(3.876) (4.007) (3.628)

Debt growtht -0.012*** -0.012*** -0.012***
(-3.381) (-3.501) (-3.679)

N 15078 15078 15078
Time Dummies No Yes Yes
Controls No No Yes

Note: This table reports effects of growth of debt and equity
financing on growth of labour productivity. Column(1) does not in-
clude controls and time dummies, Column(2) includes time dummies,
and Column(3) includes both time dummies and logs of control vari-
ables (age, R&D intensity, cash, hiring rate, and capital expendi-
tures). T-stats are presented in parentheses. ***p<0.01, **p<0.05,
and *p<0.1.
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Chapter 3

Impact of Mortgage Interest Deduction Policy

Reform: Evidence From the Netherlands

3.1 Introduction

The Dutch tax system is skewed towards encouraging homeownership through an

array of explicit and implicit tax subsidies. First, interest paid on mortgage debt

is deductible up to the maximum marginal income tax rate. Second, capital gains

realized from the sale of real estate assets are tax-exempt. This is a sharp deviation

from the tax treatment of other assets where the government assumes a 4% nominal

rate of return on the net asset value and a tax of 30% is levied on that return

(Van Ewijk et al., 2007). Moreover, imputed rents, which approximate the economic

value of owner-occupied housing to the owner of the property, are taxed at a modest

rate of 0.6%. In addition, the transaction tax on home purchases is 2%, which is low

compared to other countries in the region.

This paper investigates the impact of a Dutch mortgage market reform that elim-

inated mortgage interest deduction (MID) for interest-only (IO) and deferred amorti-

zation mortgages on January 1, 2013. These mortgage products, commonly referred
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to as alternative mortgage products (AMPs) in the literature, are different from the

standard principal-interest mortgage contracts because borrowers are not required

to repay the principal before mortgage maturity date. In the case of IO mortgages,

borrowers pay the interest during the mortgage term, and then make one lump-sum

principal payment at maturity. Similar to IO mortgagors, borrowers with deferred

amortization contracts (such as endowment mortgages, life-insurance mortgages, bank

savings mortgages, and investment mortgages) only pay interest during the mortgage

term and do not directly make payments towards the principal. Instead, they are

required by the lender to arrange for a repayment facility, which is a special tax-free

account, into which agreed regular deposits are made by a mortgagor. The deposits

are then expected to grow at market rates and will eventually be used to repay the

principal at maturity.1

The MID program in the Netherlands is not designed to target specific group(s)

of borrowers. Rather, the amount of MID rebate that a borrower gets is collectively

determined by their marginal income tax bracket, rate of mortgage interest, amorti-

zation period, type of mortgage, and the size of mortgage debt. In contrast, countries

such as Finland, Germany, and France allow interest deduction only for households

in the lower segments of income spectrum. In the USA, households can claim a fixed

standard deduction or itemize deductions from a given list of eligible items to lower

their taxes, with the value from itemizing normally exceeding the standard fixed de-

duction amount for richer households. Some countries such as Canada and Australia

do not allow homeowners to claim interest paid on mortgage debt. Furthermore, the

UK reformed its mortgage market by completely phasing out MID in 1999.

1Table B.1 in Appendix A section summarizes salient features of mortgage products available in
the Netherlands.
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This paper contributes to the literature by exploiting unique features of the Dutch

mortgage market to shed more light on the impact of MID policy reform on household

outcomes such as mortgage interest rates, mortgage debt, and home sizes. In partic-

ular, the fact that certain borrowers were not affected by the policy reform creates a

laboratory for a quasi-natural experiment. The main empirical hurdle addressed here

is the fact that mortgage products are not randomly assigned to households. Instead,

households systematically choose mortgage contracts based on characteristics such

as income, wealth, age, number of children, among others. It is also possible that

households with AMPs and amortizing mortgages differ on other dimensions such as

risk tolerance and borrower’s default choice, for instance, that are not observable to

the econometrician. This non-random assortment into mortgage contracts introduces

a selection bias which could potentially confound causal estimates of the impact of

policy reform.

I attenuate this concern by combining a kernel matching algorithm with a difference-

in-difference estimator. Kernel matching is appropriate in my setting because it uses

the weighted average of all units in the control group to construct the counterfactual

outcome for each treated unit, unlike other matching estimators which rely on just a

few observations from the control group to compute the counterfactual outcome. The

variances of causal estimates obtained via a kernel matching algorithm are, therefore,

low because more information is used. The difference-in-difference captures average

change over time in the outcome variables for the treatment group, compared to the

average change over time for the control group.

My empirical results reveal that the policy reform led to a significant reduction in

the amount of mortgage debt for the treated households – those with AMPs in the
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post-treatment period. In particular, the average mortgage debt for the treated units

decreased by approximately e59,481–e71,646 after the policy reform. Similarly, the

average home value for treated borrowers was about e61,895–e71,793 lower compared

to those in the control group. This is a suggestive evidence that the policy induced

treated borrowers to opt for cheaper homes. I also find that the average living room

size for treated units decreased by about 12–12.5 square metres after the reform.

Furthermore, the average mortgage interest rate for treated borrowers rose by 60.2–

65.8 basis points after the policy reform, which increased the cost of homeownership

for these households by approximately e22,000.

Although this study focusses on the effects of the policy reform on the treated

households, it is possible that there are price changes in the general equilibrium that

might dampen or magnify the effect of the reform. While it is out of the scope of

this empirical work, one can set up a model of households’ mortgage choice problem,

taking the government policy (MID) as given. The equilibrium home prices, mortgage

interest rates, and loan sizes can be characterized as functions of MID, and they

can consequently be used to make theoretical predictions about analysis of policy

implications in the general equilibrium.

Before going further, it is paramount to understand various arguments for and

against MID programs. Research suggests that MID spurs homeownership by reduc-

ing the after-tax cost of financing a home. Haurin et al. (2002) and Green and White

(1997) demonstrate that homeownership is associated with positive externalities such

as properly maintained homes and better education outcomes for children. An empir-

ical study by Glaeser and Shapiro (2003) document that homeowners are more likely

to actively participate in democratic elections and vote for long-term investment in
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health and education projects instead of short-term transfers from the government.

Despite the benefits that result from MID, it comes with a load of issues. To

begin with, there are concerns that boosting homeownership through MID subsidies

can result in high house prices in the short-run when the supply of housing units is

invariable (see, for example, Hilber and Turner, 2014). In addition, MID can lead

to over-leverage by encouraging households to borrow more to finance larger homes

to maximize MID benefits, resulting in risky high loan-to-value (LTV) ratios. In

principle, if returns on housing were to be taxed in the same way as other assets, a

borrower would be indifferent between investing in housing and other assets. MID

creates arbitrage opportunities for households such that borrowers have incentives to

allocate more resources to housing relative to other assets (see, for example Poterba,

2001). This (mis)allocation of resources towards housing may lead to households

borrowing more to finance larger houses.

Additionally, distorted incentives can affect other markets if households substi-

tute away from non-housing consumption or if MID subsidies are financed by labour

income tax. For example, Parry (2002) shows that labour supply is more responsive

to changes in the tax deduction rates in the USA. Also, empirical evidence shows

that boosting homeownership through indirect subsidies can exacerbate unemploy-

ment rates. In particular, Oswald (1996) finds that the high cost of financing homes

is associated with negative geographical mobility, which translates to higher unem-

ployment rates for homeowners relative to tenants.

One phenomenon unique to the Dutch MID program is that it led to popularity of

AMPs. Mastrogiacomo et al. (2015) document that prior to MID policy reform in the

Netherlands in January 2013, the market share of AMPs as a fraction of all mortgage
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products sold in the country was close to 80%.2 These mortgage products maximize

tax benefits as the interest paid on mortgage debt remains fixed during the mortgage

term because mortgagors pay the principal at maturity. AMPs are also popular due to

their affordability in the sense that borrowers only pay the interest during mortgage

term. Cocco (2013) demonstrate that lower initial payments afforded by AMPs enable

borrowers to consumption-smooth over their life-cycles, as well as free up resources

that the households can use to diversify their asset portfolios. AMPs are, therefore,

indispensable to households that anticipate higher and less volatile future incomes.

Furthermore, an empirical study by LaCour-Little and Yang (2010) highlights that

AMPs can result in high default rates when house prices slump because they attract

speculators who bet on rising house prices. In the USA, AMPs were blamed for the

2007–2008 sub-prime mortgage crisis as these contracts were not subjected to tight

financial regulations and were generally used by low-income households.

As pointed out by Hendershott et al. (2003), MID programs have become un-

popular with lobby groups that advocate for more egalitarian social policies. They

argue that this subsidy disproportionately favours richer households as interest de-

ductibility increases with marginal tax rate and loan size. Similarly, MID affects

government fiscal policy through foregone revenue. According to an OECD report,

the fiscal cost of MID in the Netherlands in 2006 was about e11.75 billion, which

translates to about e2,750 per household. This revenue loss has welfare implications

for the country because these funds could be channelled to other causes. Van Ewijk

et al. (2007) shows that the welfare cost due to MID in the Netherlands is between

2In the data, I find that the share of AMPs after MID policy reform fell to nearly 30%, which
possibly alludes to the existence of a selection problem that is addressed in the empirical section.
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e1.7 and e6.7 billion.3

The literature on the impact of changes to MID policy has largely been dominated

by studies in the USA following the Tax Reform Act of 1986 that legislated changes

to the income tax code, tax base, and tax-preferred assets and liabilities. This strand

of literature examines the impact of the reform on government’s net revenue gains.

For example, Auerbach and Slemrod (1997) and Dunsky and Follain (2000) discuss

tax-induced portfolio rebalancing that ensued from the legislation by arguing that

households reshuffle their portfolios such that more resources are allocated to tax-

preferred assets or liabilities. The idea is that removing preferential tax-treatment

of an asset or liability class is akin to increasing its relative tax price, which creates

incentives for taxpayers to demand less of these assets or liabilities. A study by Maki

(1996) on the effect of changes in the tax treatment of interest on consumer debt in

the US reveals that removing interest rebate causes consumers to reduce consumer

debt and increase mortgage debt.

Saarimaa (2010) examines the effects of a 1993 Finnish tax reform on households’

demand for mortgage debt using repeated cross-section data before and after the

reform. The study shows that richer households respond to tax changes by reducing

their demand for mortgage debt. A study by Hendershott et al. (2003) on the interest

deductibility changes in the UK reveals that eliminating deductibility of mortgage

interest lowers initial LTV ratios of richer households by about 30%. A similar study

by Follain and Melamed (1998) that exploits the changes triggered by 1986 tax act in

the US highlights that removal of mortgage interest deduction lowers mortgage debt

3Follain and Melamed (1998) estimate the cost of mortgage interest deductibility in the USA to
be roughly $67 billion in the early 2000s. A similar estimate done by the Inland Revenue for the
fiscal year 1990/1991 in the UK puts the figure at £7.7 billion according to Devereux and Lanot
(2003).
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by 41%. In contrast, Jappelli and Pistaferri (2007) find that changes to the MID

program in Italy during 1992–1994 did not affect both the demand for mortgage and

the amount of mortgage debt used to finance homes.

3.2 The Dutch Mortgage Market

The Dutch mortgage market is highly concentrated with about 80% of mortgage

volume being originated by four financial institutions (ABN AMRO bank, ING bank,

Rabobank, and SNS bank). Aside from generous tax subsidies on homeownership,

the Dutch mortgage market features high loan-to-value (LTV) ratios, large shares of

interest-only mortgages, and low default rates (Cox and Zwinkels, 2016). Unlike in

Canada and some jurisdictions in the USA, lending is recourse in the Netherlands.

This implies that Dutch mortgagors are legally responsible for residual debt in case

of default, limiting the scope of strategic default.

In the Netherlands, mortgage insurance is solely provided by the Homeowner

Guarantee Fund Foundation (HGFF). This insurance compensates the lender if there

is a residual debt resulting from borrower’s default that is triggered by death, di-

vorce, or involuntary unemployment. Mortgage insurance is voluntary at origination

and premiums are modest.4 Furthermore, only first-lien mortgages on primary resi-

dence can be insured, loan sizes are capped at e265,000, and LTV ratios must not

exceed 112%.5 Hybrid mortgages that combine different mortgage products into one

mortgage contract can qualify for insurance so long as they satisfy the aforementioned

requirements and their IO share does not exceed 50%.

4The premium for mortgage insurance used to be 1%, but was lowered to 0.55% in 2014.
5Borrowers can include the transaction costs of buying a home in the amount to be insured. This

explains why LTV ratios can exceed 100% in the Netherlands.
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The non-conditionality of mortgage insurance on LTV ratios coupled with volun-

tary insurance decision at origination are peculiar to the Netherlands. In the USA and

Canada for instance, mortgage insurance is mandatory for all mortgages with LTV

ratios that exceed 80%. For more information about the Dutch mortgage market,

please refer to Appendix A.

3.2.1 Reforms in the Dutch Mortgage Market

Following the Great Financial Crisis in 2008, the Dutch government amended condi-

tions for insurance eligibility to mitigate credit risk posed by the housing sector as well

as encourage homeownership. In 2009, the maximum loan size that can be insured

was raised from e265,000 to e350,000. Similarly, the LTV ratio ceiling for mort-

gage insurance was gradually lowered from 114% to 104% in 2014 and then step-wise

reduced to 100% in 2018.

On August 1, 2011, the Dutch Code of Conduct for Mortgage Loans mandated

that no more than 50% of debt can be an IO mortgage for all new mortgages.6 To

further assuage the problem of indebtedness induced by the AMPs, starting on Jan-

uary 1, 2013, the Dutch government came up with changes to the MID policy. The

new legislation limited MID to primary residences with fully amortizing mortgages,

typically within 30 years. This reform was expected to greatly reduce demand for

AMPs because borrowers would switch to amortizing mortgages to enjoy MID re-

bates.7 The policy change was non-retroactive, so homeowners with mortgages prior

6Hybrid mortgages which combine different forms of amortization are allowed in the Netherlands.
7Here is how the mortgage interest deduction works in the Netherlands: suppose a household

in the top marginal tax bracket of 52% purchases a e350,000 home on mortgage at a 5% fixed
interest rate. The gross interest annual payment is e350,000 × 5% = e17,500. The tax subsidy for
this household is e17,500 × 52% = e9,100. The household’s interest payment liability is therefore
e17,500 - e9,100 = e8,400.
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to Jan 1, 2013 were allowed to continue to deduct mortgage interest without the re-

quirement of repaying the debt on an annuity basis. Nonetheless, the new repayment

rules apply to any additional loans that borrowers acquire on an existing home.

3.3 Data

The main data source is the De Nederlandsche Bank Household Survey (DHS), which

is a panel study administered to about 2000 households in the Netherlands that

has been ongoing since inception in 1993. The DHS data is collected annually and

administered by the CentERdata institute for data collection at Tilburg University.

Participants are recruited by phone and the panel is adjusted to be representative

of the Dutch population. The panel study has rich information on employment,

pensions, living conditions, mortgages, income, possessions, loans, health, economic

and psychological concepts and personal characteristics. This paper uses all waves

from 2009 up to 2018. I collect information on tax brackets in the Netherlands from

the OECD Economic Surveys on the Netherlands.

The data sample is restricted to include all first-lien mortgages on primary res-

idences originated between 2009 and 2017. These restrictions yield 306 and 105

observations for mortgagors with AMPs and amortizing mortgage contracts in the

pre-reform period (2009–2012), respectively. In the post-reform period (2013–2017),

there are 111 and 258 observations for borrowers with AMPs and amortizing mort-

gages, respectively. The unit of observation is a household and all variables are defined

with respect to the household head. The accommodation questionnaire provides in-

formation on the housing type (owner-occupied, subtenant, or tenant), the initial

mortgage amount, outstanding mortgage debt, value of the house, type of mortgage
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(IO, deferred, or amortizing), mortgage insurance status, mortgage term, origination

year, type of lender (bank or insurance company), interest rate, and whether or not

the borrower used the services of a mortgage broker at origination.

The household, work and income questionnaires contain information about house-

hold head such as sex, household size, education attainment, occupation, income,

region of residence, age, marital status, among others. On the other hand, the data

reveal rich information on households’ level of participation in the financial markets

(stocks, bonds, and mutual funds) and non-real estate debt.

3.3.1 Borrower Characteristics

Table 3.1 reports the descriptive sample statistics and mean differences for AMPs and

amortizing mortgages in the pre-reform period. Based on demographic characteristics,

mortgagors with AMPs are likely to be older (43.98 years) compared to those with

amortizing mortgages (37.61 years). This is consistent with average retirement ratios

for these two groups, with AMPs borrowers more likely to be retired (17%) relative

to those with standard principal-interest repayment mortgages (3.8%).

Similarly, households with amortizing mortgages tend to reside in the urban areas

(70.5%) compared to those with AMPs (55.9%), and are also more likely to have full-

time employment contracts (79% versus 69%). Surprisingly, households with AMPs

tend to earn more (e33,082 versus e29,247) even though they are older and likely

to be retired. This potentially points to the fact that older people are more likely

have many years of work experience, and the wage differential captures the return to

experience.

Consistent with households with AMPs being older with higher incomes, they
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have more accumulated durable assets (e6,437 versus e4,485) relative to those with

amortizing mortgages. Similarly, it appears like households with AMPs are more

likely to secure more consumer debt (e2,754 versus e1,204) than households with

amortizing mortgages. There are two plausible explanations for the difference in the

level of consumer debt across these two types of mortgagors. First, it is possible that

by the virtue of being older with more durable assets, AMPs borrowers obtain con-

sumer credit with relative ease because they can use their stocks of durable assets as

collateral.8 Second, it could possibly result from being liquidity-constrained because

of retirement, so the older households are just obtaining more consumer credit to

smooth consumption.

Furthermore, households with AMPs are less likely to insure their mortgages

(47.4% versus 66.7%) and also typically prefer shorter mortgage terms (24.7 years

vs 26.8 years).9 This allays the concern that these older borrowers could obtain

cheaper mortgages just to bequeath to their children. Since borrowers do not pay

the principal during the mortgage term, the average monthly mortgage payments for

AMPs are substantially lower compared to those for amortizing mortgages (e830 ver-

sus e1,180). Together with the observation that borrowers with AMPs tend to earn

higher income on average, this implies that the loan-to-income (LTI) and payments-

to-income (PTI) ratios for AMPs are lower than those for the amortizing mortgages.

Lower PTI ratios potentially suggest that on average, AMPs are more affordable than

amortizing mortgages.

8This is corroborated by the slightly lower interest rates that households with AMPs pay relative
to those with amortizing mortgages

9In the Netherlands, mortgage insurance is optional at origination and indemnifies the borrower
if default is triggered by involuntary job loss, death of a partner, or any other factor that is beyond
the control of the borrower. Borrowers pay a one-time insurance fee of about 0.55% so long as their
mortgage debt does not exceed e265,000 and their LTV ratio is no more than 112%.
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Additionally, households with AMPs appear to have less mortgage debt relative to

those with amortizing mortgages (e196,275 versus e220,637). This finding is incon-

sistent with the idea that AMPs are used by households to maximize the mortgage

interest deduction benefit by inducing borrowers to finance more expensive homes

with high debt. It is probably the case that older households are just more likely to

afford a larger down-payment when buying a house.

Table 3.2 reports the descriptive sample statistics and mean differences for AMPs

and amortizing mortgages in the post-reform period (2013–2017). This table provides

a suggestive evidence pointing to changes in the composition of borrowers after the

policy reform. First, borrowers with AMPs appear to be substantially older than those

with amortizing after the new MID legislation (53.6 years versus 38.9 years). This

finding is corroborated by Figure 3.1 which shows the age distribution for borrowers

with AMPs before and after the policy change. Evidently, there appears to be more

older mortgagors with AMPs in the post-treatment period relative to the baseline

period.

Furthermore, the education gap between these two types of borrowers widened

after the reform. In particular, the share of AMPs mortgagors with university educa-

tion is about 13% lower than those with amortizing mortgages. This difference was

not significant in the pre-reform period. Also, households with AMPs earn statisti-

cally significant lower income compared to those with amortizing mortgage contracts

in the post-reform period, which is contrary to what is presented in Table 3.1. This

is reasonable to expect because AMPs borrowers are way older, more likely to be

retired, and less educated in the post-reform period. This also explains why they

hold more consumer debt relative to those with amortizing mortgages (e4,838 versus
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e825) during 2013–2017 period.

Relative to the pre-reform period, the difference in average mortgage interest

rates that borrowers with AMPs pay and that for amortizing mortgages is negative

and statistically significant in the post-reform period. This potentially suggests that

MID reforms encouraged poor and less sophisticated households to self-select into

the cheapest mortgage products – the AMPs. This story is well supported by Figure

3.2, which shows the income distribution of borrowers with AMPs before and after

the policy change. From Figure 3.2, it can be seen that the policy is associated with

a shift in income distribution such that borrowers with AMPs in the post-reform

period are more likely to be in the lower deciles of the income spectrum. Due to

high expected risk of extending loans to such borrowers, lenders are more likely to

charge higher interest rates. Similarly, the differences in mortgage debts and house

values for households with AMPs and amortizing mortgages are getting starker in

the post-reform period relative to the pre-reform period. From Tables 3.1 and 3.2,

total assets seemed to drop after the policy reform. For borrowers with AMPs, the

drop in total assets could suggest that these mortgagors are using their assets to put

down a larger down payment after the policy reform, which could possibly explain

the reduction in mortgage debt post-reform.

3.4 Empirical Strategy

This section describes how I obtain causal estimates of the impact of MID policy

reform on household outcomes such as mortgage interest rate, mortgage debt, home

value, living room size, and number of rooms. I rely on insights from the treatment

effects literature to shed more light on the causal impact of the policy reform that
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removed MID for mortgage instruments without principal-interest repayment charac-

teristic.

Let t = 0 and t = 1 denote the pre- and post-treatment periods, respectively. The

treatment status of household i in period t can be indicated the following equation.

Dit =


1 Treatment: Borrower has an AMP between 2013–2017

0 Control: Otherwise

(3.1)

Let Y 1
it be the observed value of outcome variable (mortgage interest rate, mort-

gage loan, house value, living room size, and number of rooms in the house) for

household i if it receives treatment in period t. Also let Y 0
it be the observed value of

the outcome variables for household i if it were not exposed to treatment in period t.

The fundamental inference problem is that both Y 1
it and Y 0

it cannot be observed

at the same time t for any household i. This means that we cannot compute the

treatment effect, τi = Y 1
it − Y 0

it , for household i. In particular, we can only observe

the realized outcome, Yit = Y 0
it × (1−Dit) +Y 1

i ×Dit, for household i in period t. To

surmount this empirical challenge, I use the average outcomes of households in the

treated group and those in the control group to estimate the average treatment effect

of MID policy reform on the treated households (denoted as ATET henceforth). This

involves estimating what would be the counterfactual outcome for a household with

an AMP in the post-reform had it not been affected by the policy change. The ATET

is represented by the following equation:

ATET = {E(Y 1
i |Di = 1)− E(Y 1

i |Di = 0)} − {E(Y 0
i |Di = 1)− E(Y 0

i |Di = 0)}

=
[
E(Y 1

i − Y 0
i |Di = 1)

]
−
[
E(Y 1

i − Y 0
i |Di = 0)

]
(3.2)
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One of the key assumptions needed to identify ATET in the difference-in-difference

(DID) framework is the parallel trends assumption, which essentially posits that in

the absence of treatment, the average outcomes for the treated and control units

would have followed deterministic parallel time paths. This implies that if treatment

were random, ATET is just the difference of the average outcomes for the treated and

control groups before and after policy reform. In my setting, this would be satisfied

if, for example, mortgagors were randomizing over different mortgages products over

time. In reality, however, there is evidence in my data suggesting that borrowers

with AMPs and those with amortizing mortgages are different based on a number of

pre-treatment characteristics which are potentially correlated with outcome variables

being studied. For instance, AMPs may appear attractive to younger households

who might presently be cash-strapped, but expect to earn higher income in the fu-

ture. Furthermore, it is possible that some richer households are self-selecting into

AMPs purely just for speculation purposes. Thus, the selection problem caused by

imbalanced pre-treatment characteristics across the treated and control groups has

to be addressed to get unbiased causal estimates of the impact of MID policy reform.

A less stringent version of the parallel trends assumption, commonly referred to

as the conditional independence assumption (CIA) in the treatment effects literature,

has been proposed by Heckman et al. (1997), Heckman et al. (1998), and Abadie

(2005) to accommodate settings where pre-treatment characteristics are unbalanced

across treatment and control units. Formally, the CIA assumes that conditional on a

set of observed covariates, Xi, treatment is as good as random and potential household

outcomes are independent of treatment:

(
Y 1
i , Y

0
i

)
⊥⊥ Di|Xi (3.3)
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This assumption is plausible in my setting if borrowers with the same initial character-

istics would have the same probability of choosing an AMP independent of potential

outcomes. In addition to the CIA, two other assumptions are required in order to

estimate the causal impact of MID policy reform on the treated households. First,

the probabilities of treatment for the treated and the control units must overlap. In

other words, the selection probabilities for treated and control households must be

between zero and one. That is,

0 < Pr(Di = 1|Xi = x) < 1, ∀x and ∀i (3.4)

This ensures that borrowers with similar characteristics have a positive probability of

treatment (see, for example, Heckman et al., 1999). The distributions of propensity

scores for the control and treatment groups before and after matching are shown in

Figure 3.3, which demonstrate that the distribution of propensity scores is reasonably

overlapped after matching.

The second additional assumption is the stable unit treatment value assump-

tion (SUTVA) which was first proposed by Rubin (1977). SUTVA posits that the

treatment status of one household does not affect outcomes in other households.

This assumption is plausible in my environment because households independently

choose mortgage products, so it is highly unlikely that one borrower’s mortgage choice

will affect other borrowers’ outcomes. One potential concern would be if banks are

capacity-constrained to offer one type of mortgage product over the other due to de-

mand for that particular type of mortgage product. This scenario is very unlikely

in the Netherlands because over 80% of all mortgages originated prior to the policy

reform were AMPs, and there is no evidence pointing to banks turning down potential



3.5. KERNEL MATCHING DIFFERENCE-IN-DIFFERENCE
ESTIMATOR 65

AMPs borrowers in that period due to excessive demand for AMPs.

3.5 Kernel Matching Difference-in-Difference Estimator

This section describes the matching estimator used to estimate the causal impact

of MID policy reform on household outcomes. The illuminating idea behind the

matching estimator used in this study is to find one or more borrowers in the control

group that are closest to those in the treated group conditional on a given set of

covariates (see, for example, Heckman et al., 1998; Dehejia and Wahba, 1999; and

Hirano et al., 2003). This allows for the estimation of the counterfactual outcome

for each treated household and the ATET is simply estimated as an average of the

matched treatment effects for the borrowers.

Although there are many matching algorithms, they can generally be categorized

into two major groups.10 First, there are matching estimators that use a few observa-

tions from the control group to compute the counterfactual outcome of a treated unit.

The other class of matching algorithms employ non-parametric methods that allow

for the use of a weighted average of all units in the control group to construct the

counterfactual outcome for each treated unit. These non-parametric methods have

been shown to be superior to the former matching procedures because they use more

information, which potentially reduces the variance of the causal estimates. However,

using a weighted average of all observations in the control group could possibly in-

clude bad matches to estimate the counterfactual outcome and this could potentially

confound the results.

Given the relatively small sample size in my data and the advantages discussed

10For a thorough review of matching algorithms used in applied literature, see Caliendo and
Kopeinig (2008).
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above, I employ a kernel matching estimator to construct the counterfactual outcomes

for each treated household i using a weighted average of all borrowers in the control

group. The kernel weights depend on the distance between each observation in the

control group and the treatment observation whose counterfactual is being estimated.

The estimator assigns more weight to control observations that are closer to the

treated units. To address the problem posed by bad matches, I impose a common

support condition to ensure that only households with positive probability of being

both in the treated and non-treated groups conditional on a given set of covariates

are included in the matching procedure.

As demonstrated by DiNardo and Tobias (2001), the choice of the type of a kernel

function (e.g., polynomial, Gaussian, Epanechnikov etc.) does not generally affect

the results, however, one is confronted by a trade off between bias and variance when

choosing a bandwidth, which essentially determines how smooth the kernel function is

(see for example, Pagan and Ullah, 1999). A high bandwidth yields a smoother kernel

density function, which results in a lower variance of the estimates. On the other hand,

the estimates are likely to be biased if some important features are smoothed away

by a high bandwidth.

Since my data is a repeated cross-section sample of mortgages originated between

2009 and 2017, there are three control samples (see, for example, Ferraresi et al., 2020
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and Blundell and Dias, 2009).11 The first two control samples represent the borrowers

with AMPs and amortizing mortgage contracts in the pre-treatment period and the

third control sample is made up of households with amortizing mortgages in the post-

treatment period. Each treated unit is then matched independently to all units in

the three control groups using kernel weights that are inversely proportional to the

distance between control and treated units.

Using pi = Pr(Di = 1|Xi) to denote the estimated propensity score for unit

i, Heckman et al. (1998) have shown that the kernel weights can be calculated as

follows:

wij =
K
(
pi−pj
hn

)
∑

j∈{D=0}
K
(
pi−pj
hn

) (3.5)

where hn is the bandwidth, K is a kernel density function and (pi − pj) is the

propensity score difference between treated (denoted by i) and control (denoted by j)

units. Inserting the above weights into the ATET equation yields the kernel matching

difference-in-difference estimator shown below:

∆ = {E
(
Y 1
i |Di = 1, Xi

)
− wcit=1 × E

(
Y 1
i |Di = 0, Xi

)
}

− {wtit=0 × E
(
Y 0
i |Di = 1, Xi

)
− wcit=0 × E

(
Y 0
i |Di = 0, Xi

)
},

(3.6)

11Ferraresi et al. (2020) used kernel matching DID to study the causal effect of changes to the
Italian healthcare program that introduced centralized procurement within the regional healthcare
systems. They used kernel weights to match regional healthcare systems that centralized procure-
ment in the post-reform period (the treatment group) to three control groups – those that did not
have a centralized procurement system both in the pre- and post-reform periods and those with cen-
tralized procurement systems in the pre-treatment period. Blundell and Dias (2009) argue that with
repeated cross-section data, kernel matching DID must be performed by attaching kernel weights to
three control groups, namely the treatment and non-treatment groups in the pre-treatment period
and the non-treatment group in the post-treatment group. Each of these control groups is then
separately matched to the treatment group in the post-treatment period.
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where wcit=0 and wcit=1 are the kernel weights for borrowers with amortizing mortgages

in the pre- and post-treatment periods, respectively and wtit=0 is the kernel weight for

the AMPs borrowers in the pre-treatment period.

3.5.1 Determinants of Demand for AMPs

To generate propensity scores that will be used to compute weights for the ker-

nel matching difference-in-difference estimator, I run a probit regression for the pre-

reform and post-reform sample periods with a binary dependent variable that takes a

value of one if the borrower has an AMP and zero otherwise.12 Table 3.3 presents the

marginal effects from the probit regressions in the pre- and post-treatment periods,

respectively.

In the baseline period, it is evident that having a partner at home reduces the

probability of holding an AMP mortgage by about 15%. Similarly, an additional

e1,000 in financial assets is associated with a 0.1% decrease in the probability of

obtaining an AMP mortgage. Net income and consumer credit are positive predictors

of a choice of an AMP, with an additional e1,000 in net income and consumer credit

being associated with a 0.3% and a 0.6% increase in the estimated probability of

having an AMP, respectively. Furthermore, retirees are 33.6% more likely to have

an AMP relative to those who are still working. In the post-treatment period, being

retired is associated with 18.4% increase in the probability of holding an AMP. It is

important to note that all variables are jointly significant in both sample periods.

12The logit regression model yields similar results.
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3.5.2 Balance of Covariates

As demonstrated by Rosenbaum and Rubin (1985), the effectiveness of a matching

procedure can be assessed by analysing the reduction in bias before and after matching

between the control and treated groups for each covariate x ∈ X. The percent bias

reduction is calculated as follows:

%Bias = 100×

 µ̂x(t)− µ̃x(c)√
δ̂2x(t)+δ̃

2
x(c)

2

 , (3.7)

where µ̂x(t) and µ̃x(c) denote the mean of covariate x ∈ X for the treated and control

groups, respectively. Similarly, δ̂2x(t) and δ̃2x(c) represent the arithmetic variance of

the treated and control groups, respectively for covariate x ∈ X.

The literature is vague in terms of the acceptable threshold used to determine

the success of a matching procedure. For example, Rosenbaum and Rubin (1985)

and McCaffrey et al. (2004) assert that the bias before and after matching between

the control and treated groups for each covariate x ∈ X should be less than 20%.

Caliendo and Kopeinig (2008) suggest a bias level of 3%–5% is acceptable. Yet still,

Imbens and Rubin (2015) propose that the bias should be below 25%.

Table 3.4 presents covariates balancing results using a default bandwidth of 0.06

as suggested by Villa (2016).13 All covariates have biases below 15% and all covariates

except university dummy, have biases well below 10%. Given these percent bias levels,

I believe the covariates are reasonably balanced, and the counterfactual outcomes

obtained using the matched control groups are valid.

13I test the sensitivity of the matching procedure using bandwidths of 0.02 and 0.1 and the results
are generally similar. I use a bandwidth of 0.06 in the main specification because it produces a
better balance of covariates. The results of covariate balance for bandwidths of 0.02 and 0.1 are
presented in the appendix section B.1 and B.2.
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3.6 Results and Discussions

The estimated causal impact of MID policy reform in the Netherlands are presented

in Table 3.5 using different bandwidth values (0.06, 0.02, and 0.10) of Epanechnikov

kernel function.14 I tested the robustness of results using different bandwidth values

because there could potentially be a trade off between bias and variance when choosing

a bandwidth (Pagan and Ullah, 1999).

Using a default bandwidth value of 0.06 as suggested by Villa (2016), I find that

the policy change increased mortgage interest paid by treated households by about

65.8 basis points on average. I examined the effect of the policy reform on interest

margins (defined as mortgage interest rate observed in the data – long-term Dutch

government bond yields (10-year)) instead of the reported mortgage interest rates to

mitigate the effect of changes in the interest rates due to economic situation in the

Netherlands. Interest margins are more informative about the risk profile of borrowers

compared to mortgage interest rates reported in the data which comprise both the

risk component and an indication of the economic environment in the Netherlands.

Moreover, the policy led to a statistically significant decrease in mortgage debt,

with average mortgage loans for treated borrowers declining by e71,646. Similarly,

the policy reform induced treated mortgagors to purchase cheaper homes, with aver-

age home value for treated borrowers lower by about e70,301 in comparison to those

in the control group. I also find that the average living room size in square meters

for the treated mortgagors decreased by about 12.3 metres after the policy reform.

In contrast, the policy had no impact on the average number of rooms in homes

purchased by treated mortgagors. This possibly suggests that the policy induced

14Other kernel functions were used and the results were generally similar.
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borrowers with AMPs in the post-treatment period to downsize at the extensive mar-

gin by purchasing cheaper and smaller homes, without a commensurate reduction in

the number of rooms (intensive margin).

Columns (2) and (3) report the estimated average treatment effects on the treated

using bandwidth values of 0.02 and 0.10, respectively. Interestingly, these results are

qualitatively similar to those reported in column (1). Setting the bandwidth at 0.02,

I find that the MID policy reform increased average mortgage interest rate for treated

households by 60.2 basis points, compared to an increase of 65.8 basis points when a

larger bandwidth value of 0.10 is used. Similarly, I estimate that the average mortgage

debt for treated households declined by e59,481 when a bandwidth of 0.02 is used,

relative to a decline of e69,764 using a larger bandwidth. Furthermore, the policy

caused treated mortgagors to opt for cheaper homes, with average home value lower

by e61,895 and e71,793 for smaller and larger bandwidths, respectively. Using a

bandwidth value of 0.02, I find that the MID policy reform forced treated households

to purchase homes with smaller living rooms, with the average size of living room

falling by 12.5 square metres compared to an average decrease of 11 square metres

obtained using a larger bandwidth.

Although the policy reform succeeded in curbing excessive household indebtedness

that was afforded by mortgage products that deferred principal repayments in the

Netherlands, there is no doubt that the new legislation negatively affected the treated

households by forcing them to purchase cheaper and smaller homes at higher interest

rates. Absent mortgage interest deduction, it is likely that only borrowers who were

liquidity-constrained opted to obtain AMPs because of their affordability as they only

needed to make interest payments with principal repayment deferred till the end of
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the mortgage term.

As depicted in Table 3.2, it is clear that borrowers with AMPs after the reform are

more likely to be liquidity-constrained and less financially sophisticated given their

lower educational attainment. It is, therefore, possible that the lenders are charging

higher interest rates for treated households to mitigate against elevated expected

default risk posed by this group of borrowers. A plausible explanation for why the

number of rooms in the houses purchased by the treated households did not change

after the reform is the fact that the policy had no impact on the household size (see

Table 3.2). Faced with tightening credit conditions (lower mortgage loans and higher

interest rates) and a constant household size, we would expect the treated borrowers

to purchase a house with the same number of rooms, but with a smaller space keeping

everything else constant.

As a robustness check, I have examined consumer credit as an outcome on its

own instead of modelling it as a control variable. The results are reported in Table

B.9 of the appendix section. The estimates of the effect of the policy reform on the

outcomes previously investigated are robust to inclusion or exclusion of consumer

credit. Furthermore, I find that the policy led to a reduction in the consumer credit

for the treated households.

3.7 Conclusion

This paper examines the impact of January 1, 2013 MID policy reform on household

outcomes in the Netherlands. The main empirical challenge addressed here is the

fact that households self-select into different mortgage contracts based on observable
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characteristics such as income, wealth, age, number of children, among others. Simi-

larly, it is possible that households differ on other dimensions such as risk tolerance,

for instance, which are not observable to the econometrician. This non-random as-

sortment into mortgage contracts introduces a selection bias which could potentially

confound causal estimates of the policy reform.

I remedy these concerns by matching treated borrowers (those with AMPs in the

post-reform period) to those with similar characteristics in the control group using

a kernel matching estimator. This estimator is appropriate in my setting because

it uses the weighted average of all units in the control group to construct the coun-

terfactual outcome(s) for each treated unit, unlike other matching estimators which

rely on just a few observations from the control group to compute the counterfac-

tual outcome(s). The variances of causal estimates obtained via a kernel matching

algorithm are, therefore, low because more information is used. To assuage the po-

tential problem posed by selection on unobservable borrower characteristics, I apply

a difference-in-difference estimator to capture the changes over time in the treatment

group compared to the control group.

My empirical results demonstrate that the policy reform led to a significant re-

duction in the amount of mortgage debt for the treated households, with average

mortgage loan declining by e59,481–e71,646 depending on the bandwidth value

used. Similarly, the average home value for treated borrowers was lower by about

e61,895–e71,793 relative to that of those in the control group after the policy change.

This likely suggests that the new policy encouraged the treated households to choose

cheaper homes. I also find that the average living room size for treated units decreased
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by about 12–12.5 square metres after MID policy reform. Furthermore, treated house-

holds paid significantly higher mortgage interest rates in the tune of 60.2–65.8 basis

points on average relative to households in the control group. This translates roughly

to e22,000 additional cost of homeownership during the mortgage term for treated

borrowers.

This paper leaves open a few research extensions. First, it would be interesting

to investigate the extent to which empirical conclusions drawn from this study can

be extended to other settings. This is a significant question to ponder over because

the Dutch mortgage market is unique with a number of unconventional mortgage

products that may not be available in other countries. Another direction for future

research would be to quantify the welfare implications of the new legislation policy

on households that were affected.

It is also possible that the policy reform might have affected house prices in gen-

eral equilibrium, and this presents another interesting area for further research. To

be able to flesh this out, I would need to set up a model of how mortgagors choose

between different mortgage instruments, taking the government policy as given. The

equilibrium home price, mortgage interest, and loan size for each type of borrower

(those with AMPs vs those with amortizing mortgages) can be characterized as func-

tions of mortgage interest deduction. The directions of theoretical predictions can

then be compared to empirical findings to establish how changes in prices in general

equilibrium might be dampening or magnifying the policy effects
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3.8 Tables Chapter 3

Table 3.1: Descriptive Statistics by Mortgage Type: Pre-Reform (2009–2012)

(1) (2) (3) (4)
Variable AMPs Amortizing Difference T-stat
Demographic Characteristics
Age 43.984 37.610 -6.374∗∗∗ (-4.547)

Male (1 = yes) 0.627 0.571 -0.056 (-1.003)

Lives with a partner (1 = yes) 0.781 0.838 0.057 (1.321)

Household size 2.601 2.714 0.113 (0.791)

Children 0.781 0.886 0.105 (0.858)

University (1 = yes) 0.216 0.295 0.080 (1.574)

Urban (1 = yes) 0.559 0.705 0.146∗∗∗ (2.754)

Retired (1 = yes) 0.170 0.038 -0.132∗∗∗ (-4.619)

Full-time employment contract (1 = yes) 0.690 0.790 0.101∗∗ (2.107)

Self-employed (1 = yes) 0.078 0.114 0.036 (1.031)

Net income (e1000s) 33.082 29.247 -3.835∗ (-1.815)

Portfolio Characteristics
Safe financial sssets (e1000s) 16.285 23.587 7.302 (0.809)

Fairly safe financial assets (e1000s) 4.685 9.173 4.488 (1.552)

Risky financial assets (e1000s) 4.321 4.393 0.072 (0.028)

Durables (e1000s) 6.437 4.485 -1.952* (-1.798)

Other financial fssets (e1000s) 1.303 2.682 1.379 (0.683)

Consumer credit (e1000s) 2.754 1.204 -1.550** (-2.058)
Mortgage Characteristics
Mortgage insured (1 = yes) 0.474 0.667 0.193∗∗∗ (3.547)

Used a mortgage broker (1 = yes) 0.186 0.181 -0.005 (-0.121)

Mortgage interest (%) 4.573 4.687 0.114 (0.928)

Mortgage term (years) 24.663 26.771 2.108** (2.560)

Interest rate fixed (1 = yes) 0.895 0.924 0.028 (0.905)

Years interest fixed 11.735 13.082 1.348 (1.591)

Monthly mortgage payments (e1000s) 0.830 1.180 0.350∗ (1.793)

Loan-to-income ratio (LTI) 6.820 8.833 2.012∗∗ (2.101)

Payments-to-income ratio (PTI) 34.980 49.349 14.370∗∗ (2.177)

Living room size (m2) 44.147 43.162 -0.985 (-0.361)

Mortgage debt (e1000s) 196.275 220.637 24.362∗ (1.705)

House value (e1000s) 209.003 229.495 20.492 (1.457)
Observations 306 105 411

Note: Safe financial assets include checking and saving accounts and certificates of de-
posit. Fairly safe financial assets are defined contribution plans; cash value of life insur-
ance; employer-sponsored savings plans; and growth funds. Risky financial assets include
stocks; bonds; mutual funds and/or mutual fund accounts. Other financial assets include
money lent to family and friends or savings and/or investments not mentioned previously.
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Table 3.2: Descriptive Statistics by Mortgage Type: Post-Reform (2013–2017)

(1) (2) (3) (4)
Variable AMPs Amortizing Difference T-stat

Demographic Characteristics
Age 53.640 38.853 -14.787∗∗∗ (-9.361)

Male (1 = yes) 0.604 0.585 -0.018 (-0.328)

Lives with a partner(1 = yes) 0.712 0.729 0.017 (0.331)

Household size 2.441 2.411 -0.031 (-0.219)

Children 0.694 0.663 -0.031 (-0.275)

University (1 = yes) 0.072 0.202 0.129∗∗∗ (3.686)

Urban (1 = yes) 0.649 0.655 0.006 (0.118)

Retired (1 = yes) 0.297 0.047 -0.251∗∗∗ (-5.510)

Full-time employment contract (1 = yes) 0.523 0.849 0.326∗∗∗ (6.203)

Self-employed (1 = yes) 0.081 0.070 -0.011 (-0.371)

Net Income (e1000s) 28.310 34.501 6.191∗∗ (2.381)
Portfolio Characteristics
Safe financial assets (e1000s) 14.332 14.923 -0.591 (-0.232)

Risky financial assets (e1000s) 3.219 2.637 0.581 (0.314)

Durables (e1000s) 5.309 6.882 -1.573 (-1.374)

Fairly financial assets (e1000s) 2.498 5.468 -2.970 (-0.750)

Other financial assets (e1000s) 0.691 0.058 0.633*** (2.626)

Consumer credit (e1000s) 4.838 0.825 4.013** (2.192)
Mortgage Characteristics
Mortgage insured (1 = yes) 0.423 0.609 0.185∗∗∗ (3.300)

Used a mortgage broker (1 = yes) 0.171 0.124 -0.047 (-1.139)

Mortgage interest (%) 3.470 3.126 -0.344∗∗∗ (-2.985)

Mortgage term (years) 24.063 27.477 3.414∗∗∗ (3.732)

Interest rate fixed (1 = yes) 0.937 0.953 0.017 (0.621)

Years interest fixed 12.327 14.720 2.393∗∗∗ (3.128)

Monthly mortgage payments (e1000s) 0.486 0.788 0.302∗∗∗ (7.311)

Loan-to-income ratio (LTI) 6.275 6.776 0.501 (0.601)

Payments-to-income ratio (PTI) 26.454 31.255 4.801 (1.150)

Living room size (m2) 43.360 44.209 0.849 (0.225)

Mortgage debt (e1000s) 148.400 206.650 58.250∗∗∗ (4.914)

House value (e1000s) 171.703 220.236 48.534∗∗∗ (3.919)

Observations 111 258 369

Note: T-stats of differences of means are provided in parentheses. ∗ p < 0.1, ∗∗ p < 0.05,
∗∗∗p < 0.01. Safe financial assets include checking and saving accounts and certificates of
deposit. Fairly safe financial assets include defined contribution plans; cash value of life
insurance; employer-sponsored savings plans; and growth funds. Risky financial assets
include stocks; bonds; mutual funds and/or mutual fund accounts. Other financial
assets include money lent to family and friends or savings and/or investments not
mentioned previously by the respondent.
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Table 3.3: Determinants of Demand for AMPs

Pre-Treatment Post-Treatment
Age −0.008 0.012

(0.015) (0.013)
Age×age 0.000 −0.000

(0.000) (0.000)
Male 0.041 −0.050

(0.055) (0.053)
Children 0.022 0.019

(0.028) (0.028)
Partner −0.150∗∗ −0.036

(0.068) (0.056)
Self-employed −0.041 0.095

(0.093) (0.102)
University −0.010 −0.056

(0.067) (0.075)
Financial assets −0.001∗ −0.001

(0.001) (0.001)
Net income 0.003∗ −0.001

(0.002) (0.001)
Urban −0.056 0.015

(0.059) (0.053)
Retired 0.336∗∗ 0.184∗

(0.163) (0.101)
Consumer credit 0.006∗ −0.017

(0.004) (0.012)
Agent 0.073 0.017

(0.069) (0.073)
Prob > χ2 0.004 0.000
Pseudo R2 0.152 0.256
Observations 411 317

Note: This table shows the determinants of demand for AMPs using a
probit model. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗p < 0.01.
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Table 3.4: Balancing Test: Bandwidth = 0.06

Variable Sample Mean

% Bias
Treated Control % Bias Reduction

Age Unmatched 45.21 38.64 48.4
Matched 47.06 46.91 1.1 97.7

Age×age Unmatched 2277.50 1626.6 50.3
Matched 2454.30 2440.9 1.0 97.9

Male Unmatched 0.64 0.58 11.2
Matched 0.69 0.71 −5.6 50.2

Children Unmatched 0.80 0.73 6.3
Matched 0.61 0.57 3.9 38.0

Partner Unmatched 0.76 0.75 2.2
Matched 0.74 0.75 −1.5 30.8

Self-employed Unmatched 0.08 0.08 −1.0
Matched 0.06 0.05 2.8 −173.0

University Unmatched 0.17 0.23 −15.2
Matched 0.18 0.24 −14.4 5.3

Financial assets Unmatched 33.89 29.18 6.7
Matched 39.08 35.94 4.5 33.4

Net income Unmatched 32.43 32.87 −2.5
Matched 33.06 33.49 −2.4 2.0

Urban Unmatched 0.62 0.66 −9.1
Matched 0.63 0.60 6.3 30.6

Retired Unmatched 0.19 0.05 45.5
Matched 0.26 0.27 −3.0 93.5

Consumer credit Unmatched 4.53 3.99 1.9
Matched 4.88 3.93 3.3 −74.3

Agent Unmatched 0.17 0.15 7.4
Matched 0.17 0.16 2.7 63.5

Note: This table shows the balance of covariates using a default bandwidth of 0.06
as suggested by Villa (2016).
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Table 3.5: Kernel Matching Diff-in-Diff Estimates of ATET

(1) (2) (3)
Outcomes Bandwidth = 0.06 Bandwidth = 0.02 Bandwidth = 0.10
Interest Margins 0.658∗∗ 0.602∗∗ 0.658∗∗

(0.279) (0.261) (0.257)

Mortgage Loan (e1000s) −71.646∗∗ −59.481∗∗ −69.764∗∗

(28.367) (28.054) (28.130)

Home Value (e1000s) −70.301∗∗∗ −61.895∗∗ −71.793∗∗∗

(26.093) (27.786) (25.962)

Living Room Size (m2) −12.263∗∗ −12.456∗∗ −11.974∗∗

(4.764) (5.532) (4.835)

Number of Rooms −0.147 −0.012 −0.192
(0.353) (0.338) (0.338)

Note: This table presents the results for kernel matching diff-in-diff estimates of the ATET. Robust
standard errors are given in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗p < 0.01. The matching procedure
uses Epanechnikov kernel function.
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3.9 Figures Chapter 3

Figure 3.1: Age Distribution of Borrowers with AMPs
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Note: This figure shows the age distribution of borrowers with
AMPs using DHS data.
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Figure 3.2: Income Distribution of Borrowers with AMPs
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Note: This figure shows the income distribution of borrowers
with AMPs using DHS data.
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Figure 3.3: Distribution of Propensity Scores Before and After Matching
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Note: This figure shows the distribution of propensity scores
before and after matching.
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Chapter 4

External Cooperation, Competition, and Adoption

of Intellectual Property Protection: Evidence from

East African Firms

4.1 Introduction

Intellectual property (IP) protection is a first-order public policy concern both domes-

tically and internationally because it safeguards businesses and individuals against

infringement of hard-earned innovations. The IP protection rights are enshrined in

article 27 of the Universal Declaration of Human Rights, which essentially grants in-

novators and authors the right to reap any benefit accruing from their novel creation

(The UN General Assembly, 1948). The World Intellectual Property Organization

(WIPO) is the UN agency entrusted with promoting and protecting IP rights in all

member countries.

The question of why firms should appropriate IP protection has been extensively

studied in the literature, but little has been done about the nature of interaction

between the decision to adopt IP protection and variables both within and outside
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the firm’s control, more so in developing countries which tend to have lower IP adop-

tion rates. This chapter presents a descriptive view regarding factors that influence

a firm’s decision to appropriate IP protection mechanisms such as patents, utility

models, industrial designs, trademarks, and copyrights. In particular, the study ex-

ploits firm-level data from a cross-section of East African firms to explore the role of

external cooperation and practices of competitors in the informal sector in explaining

differences in firm’s propensity to use IP protection. The East African region (Kenya,

Uganda, and Tanzania) provides a fertile environment for this study because member

countries have considerable proportions of informal firms that compete with formal

establishments. Typically, the informal sector is made up of many small and micro

enterprises with very little or no oversight from any level of government, which poten-

tially implies that their practices are likely to affect the economic behaviour of firms

in the formal sector.1 Second, the region is economically integrated, creating oppor-

tunities for cross and within border cooperation among firms. The main research

questions explored in this study include:

1. What is the relationship between firm-level characteristics and a firm’s decision

to adopt IP protection?

2. What is the association between cooperation with external partners and the

likelihood of adopting IP protection?

3. What is the relationship between competition from firms in the informal sector

and the likelihood of IP protection?

This study contributes to the literature on the role of IP protection in shaping

1In Kenya, Uganda, and Tanzania, the average shares of GDP attributable to the informal sector
are 35%, 40%, and 52%, respectively (Medina et al., 2017).



4.1. INTRODUCTION 85

economic development by extending the discussion to economies with less-developed

institutions. In such economies, compliance and enforcement activities for intellectual

property rights may be weak, creating disincentive to allocate resources for innovation

and research and development (R&D). Thus, understanding the role played by firms’

micro characteristics and factors outside the business environment in influencing de-

mand for IP protection in such jurisdictions is an exercise of paramount economic

importance.

Why should firms protect intellectual property? Empirical studies have demon-

strated that IP protection encourages innovative activities. For instance, Mansfield

(1986) who surveyed top managers of businesses in different industries across the

United States revealed that 60% of innovations in pharmaceuticals and 40% in chem-

icals would not have been invented between 1981 and 1983 had it not been for IP

protection through patents.

Park and Ginarte (1997) show that IP protection leads to economic growth by

boosting accumulation of R&D capital and physical capital. Appropriation of IP pro-

tection increases returns to R&D investment by ensuring that innovative knowledge

does not leak to outsiders, thereby encouraging accumulation of knowledge capital

(Park, 2005). Moreover, lack of strong IP protection in developing countries could

induce firms in developed countries to behave strategically by making imitation and

knowledge spillovers harder (Taylor, 1993, 1994). This retaliation is likely to hamper

flow of the much needed foreign direct investment (FDI) and innovation knowledge

to poorer nations.

IP protection does not always lead to socially optimal outcomes if the criteria for

protection are not stringent enough. For instance, Arora et al. (2008) argue that IP
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protection could result in costly inventions of little social value if non-obviousness

and disclosure requirements are not strictly adhered to before granting IP protec-

tion. Furthermore, strong IP protection laws that promote monopoly of innovative

knowledge can contradict standard anti-trust regulations that aim to curb barriers

to competition. To ensure that this discord does not lead to socially inefficient out-

comes, the optimal policy should advocate for synchronization between IP protection

and antitrust efforts (Carlton and Gertner, 2003).

Theoretical models predict that firms that collaborate with external partners in

innovation are more likely to use IP protection to reduce the likelihood of leaking

valuable knowledge to outsiders. This is referred to as “spillover prevention” theory

by Cassiman and Veugelers (2002). Similarly, Giarratana and Mariani (2014) demon-

strate that sourcing innovation knowledge from outside the firm (which is one form

of external cooperation) makes it difficult to implement secrecy as a means to pro-

tect knowledge spillovers, and consequently to extract rents from in-house innovation.

Thus, if a firm believes that their external partners are more likely to imitate their

innovation, they could internalize research even in situations where collaboration is

Pareto-superior to conducting solo research (Arora and Merges, 2004).

Furthermore, firms that collaborate with external research partners can use IP

protection to signal their innovative potential (Alexy et al., 2009 and Hagedoorn and

Ridder, 2012). In particular, a survey conducted by Hagedoorn and Ridder (2012)

on firms that conduct open innovation reveals that nearly 90% of the firms consider

IP protection as an important signal of their research capacity.

Collaboration with external partners, therefore, creates a “paradox of openness”

(Laursen and Salter, 2014). On one hand, working with external partners reduces
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the firm’s ability to extract full benefits from the knowledge as outsiders can imitate

their novel ideas and/or processes. This could induce businesses to erect barriers to

external cooperation through IP protection schemes. In contrast, working in secrecy

to the exclusion of other firms may lead to sub-optimal innovative outcomes if po-

tential external partners have superior innovative knowledge. In this scenario, a firm

has an incentive not to adopt IP protection to facilitate collaboration with external

partners. Given these two opposing arguments, the relationship between external

cooperation and IP protection is, therefore, still debatable and warrants a further

empirical assessment.

Although this study does not establish arguments of causation, it is imperative

to acknowledge the problem of endogeneity. For instance, an important predictor

variable of IP adoption could be omitted from the regression model, which may lead

to omitted variable bias if that omitted variable is correlated with included regressors.

Endogeneity can also arise in the form of simultaneity, which is basically a situation

where the direction of causation runs in both ways. The most common empirical

solution to these issues is the method of instrumental variables (IV), which uses

an exogenous variable that only shifts the dependent variable (IP adoption in this

setting) through the explanatory variable to establish causality. Unfortunately, data

limitation does not allow me to exploit IV estimation. Nonetheless, this study points

out interesting policy issues regarding adoption of IP protection in countries where

IP adoption rates have been relatively low.

Using cross-sectional firm-level data from the World Bank Enterprise Surveys

(ES) and Innovation Follow-up Surveys (IFS) collected between 2011–2014 for Kenya,

Uganda, and Tanzania, I estimate a logistic benchmark model of adoption of IP
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protection. I control for potential influence of factors specific to sector and country of

residence using sector and country dummies. The empirical results seem to suggest

that “better” firms– larger, exporters, with access to formally trained labour, and

those who can use retained earnings to innovate—are those that adopt IP protection.

This might be due to the fact that these firms either have better knowledge of how

to adopt IP protection, better knowledge of its value, or simply be more valuable

firms, and thus have more to protect. Firm size has a non-linear relationship with

IP protection, with larger firms having higher propensities to adopt IP protection

relative to medium-sized and small enterprises on average. In contrast, firm age, top

manager’s years of experience in the sector of operation, share of workforce with a

high school diploma, firm’s legal status, and export intensity (exports as a share of

sales) have no significant links with a firm’s decision to use IP protection.

I employ three dummy variables, namely use of external research and/or software

consultants, external R&D, and use of foreign technology to test the relationship be-

tween external cooperation and the propensity to adopt IP protection. I find that

conducting external R&D has a positive and statistically significant correlation with

the probability of adopting IP protection. Similarly, use of services of external com-

puter and/or software consultants is positively associated with the decision to adopt

IP protection. This is in line with the theoretical literature that argues that establish-

ments protect their innovative ideas and processes to signal their innovative potential

to other firms (Alexy et al., 2009; Hagedoorn and Ridder, 2012). It also could be

that firms that cooperate with external partners adopt IP protection so as to reduce

chances of leaking valuable knowledge to outsiders (Cassiman and Veugelers, 2002).

Depending on the model specification, firms that rely on foreign technology are less
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likely to appropriate IP protection. This potentially suggests that foreign technology

reduces the need to protect IP by crowding out in-house innovation.

Moreover, I find that competition from informal firms has no relationship with

probability of adopting IP protection if a firm perceives that competition to be a

minor obstacle. In contrast, empirical results demonstrate that firms which indicate

practices of competitors in the informal sector as a moderate obstacle or a major

obstacle or a very severe obstacle are more likely to adopt IP protection. This result

is robust to splitting the data into a sample of firms located in large cities (with

population of at least 1 million people) where competition might be severe, and

another comprising firms located in small cities (with a population between 250,000

and 1 million people).

4.2 Data

The main sources of firm-level data in this study are the World Bank Enterprise

Survey (ES) and the Innovation Follow-up Survey (IFS) modules covering the period

2010–2014 for Kenya, Uganda, and Tanzania. The ES which elicits firm-level infor-

mation about business environment from business owners and top managers addresses

issues related to corruption, infrastructure, crime, competition, labour, access to fi-

nance, impediments to growth, and performance measures. The ES is administered

to a representative sample of formally registered firms that operate in the manufac-

turing, retail and service sectors of the non-agricultural segment of an economy. As

shown in Table 4.1, the ES sample consists of 781 firms from Kenya, 762 firms in

Uganda, and 813 firms in Tanzania.

The IFS was initiated in 2011 to provide information on innovation activities
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undertaken by firms in emerging and developing countries. The IFS is designed as a

random sample of 75% of the firms in the ES sample. The IFS sample includes 549

firms in Kenya, 449 firms in Uganda, and 543 firms in Tanzania. I use the unique

identifiers for each country to match firms in the IFS with those in the ES sample.

The final matched samples is made up of 549 firms in Kenya, 449 firms in Uganda,

and 543 firms in Tanzania. The definitions and summary statistics for main variables

are presented in Tables 4.2 and 4.3, respectively.

4.2.1 IP Protection in East Africa

Despite growing international support for enactment of regulation standards for IP

protection by governments, adoption of IP protection mechanisms among firms in

East Africa has remained scanty.2 Figure 4.1 shows the global ranking of the three

East African countries out of 129 countries using data from the Intellectual Property

Rights Index (IPRI).3 In the global IPRI ranking, Tanzania generally ranks better

than Kenya and Uganda, aside from temporary dips in their ranking in 2013 and

2016. In fact, East African countries appear in the bottom half of the global IPRI if

you exclude the ranking of 56 out of 129 countries that Tanzania achieved in 2014.

In addition to the global IPRI, the performance of East African states against other

African countries paints a narrative of a region that is not at the frontier of the IP

protection. Specifically, Figure 4.2 illustrates that among the 28 countries ranked

by IPRI in Africa, the best position that has ever been achieved by an East African

2The Trade-Related Aspects of Intellectual Property Rights (TRIPS) is an international agree-
ment between all member countries of the World Trade Organization (WTO) which came into effect
on January, 1 1995 with the objective of setting international minimum standards that all member
countries can use to regulate issues concerning intellectual property.

3The Intellectual Property Rights Index (IPRI) ranks 129 countries on the basis of legal and
political environment, physical property rights, and intellectual property rights. The index includes
28 countries in Africa.
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country is 6. These rankings collectively suggest that more analysis would be useful

in understanding the factors influencing adoption of IP protection in East Africa.

4.3 Variation of IP Adoption Across Countries and Sectors

Depending on the type of invention, firms can choose to use patents, utility models,

industrial designs, trademarks, or copyrights to protect their novel ideas. As illus-

trated in Table 4.4, there is considerable heterogeneity in the use of various mecha-

nisms of IP protection across countries in the region. First, firms in Tanzania have

higher adoption rates across all IP protection mechanisms. In particular, 386 firms

(or 71.1%) from a sample of 543 firms from Tanzania have used at least one of the IP

protection mechanisms. Among the firms that engage in IP protection in Tanzania,

9.2% have patents, 18.1% rely on utility models, 16% use industrial designs, 13.1%

have trademarks, and 14.7% use copyrights.

In Uganda, 143 firms (31.9% of all firms in the sample from Uganda) have used

one or another mode of IP protection. When examined separately, 8.7% of the firms

reported to have used patents, 3.8% of them adopted utility models, 6% used indus-

trial designs, 6.7% had trademarks, whereas 6.7% of them used copyrights. In Kenya,

167 (or 30.4%) out of a sample of 549 firms indicated that they have appropriated

IP protection, with 5.1% of them using patents, 4.9% opting for utility models, 6.7%

with industrial designs, 9.3% with trademarks, and 4.4% with copyrights. These

statistics demonstrate that Kenya lags behind Uganda in the use of IP protection,

except for utility models and trademarks where Kenyan firms do better than their

Ugandan counterparts (4.9% versus 3.8% and 9.3% versus 6.7%, respectively).

There is also considerable variation in IP protection across sectors in the region.
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Table 4.5 examines the distribution of IP protection mechanisms, conditional on firms

actually adopting IP protection, across different sectors in the region. Across all

countries in the region, firms in the manufacturing sector tend to be more protective

of their innovations. For instance, 52% of all firms with patents in Tanzania operate in

the manufacturing sector, compared to just 14% and 34% in retail and service sectors,

respectively. Furthermore, 54% of firms in Uganda and 61% of firms in Kenya with

patents are in the manufacturing sector. In Tanzania, 45% of firms with utility models

are in manufacturing, compared with only 13% and 42% in retail and service sectors,

respectively. Moreover, 65% and 52% of firms with utility models in Uganda and

Kenya, respectively engage in manufacturing. This pattern also holds for industrial

designs, trademarks, and copyrights.

Why do manufacturing firms have higher IP adoption rates? It turns out that firms

in the manufacturing sector tend to be more innovative than those in other sectors on

average. Table 4.6 reports the proportion of firms that have introduced a novel idea

and/or process in each sector in the region. In Tanzania, 18% of manufacturing firms

are innovative, compared to just 17% and 13% in retail and service sector, respectively.

In Uganda, the innovation gap between manufacturing firms and those in retail and

service sectors is wider, with about 57% of the firms operating in manufacturing

sector indicating to have introduced an innovation, while 47% and 52% of firms in

retail and service sectors, respectively reported an innovation. In Kenya, 45% of firms

in manufacturing are innovative, whereas in retail and service sectors, this share is

37% and 41%, respectively. Because of variation of adoption of IP protection across

sectors and countries, I include country and sector dummies in all model specifications

to control for any sectoral and country-specific factors that could affect the decision
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to adopt IP protection.

4.3.1 Test of Mean Differences

Next, I test the differences in means of main variables of study for adopters and non-

adopters of IP protection. From the evidence presented in Table 4.7, establishments

that have adopted IP protection tend to be larger with about 40% more full-time

time workers compared to non-adopters. Furthermore, adopters are more likely to be

exporters and tend to provide their employees with formal training that is crucial for

innovation. Adopters of IP protection also tend to be more productive, with labour

productivity that is on average 32% higher than that of non-adopters.4 Similarly,

adopters tend to be more innovative, conduct internal R&D, and are more likely to

produce novel products or services without help from other firms.

Establishments that adopt IP protection are also more likely to collaborate with

other firms. In particular, adopters have a higher propensity to use services of an

external computer or software research consultant (31.8% relative to 24.3% for non-

adopters) and also tend to engage in external R&D (10.7% compared to 4.0% for

non-adopters). Additionally, adopters rely mostly on internal funding to finance

innovative activities compared to non-adopters, and are also more likely to report

practices from firms in the informal sector as an obstacle to their performance.

4.4 Empirical Strategy

I estimate a logistic regression model where the dependent variable is binary, taking

a value of one if an establishment has utilized an IP protection mechanism (patent,

4This can be confirmed from Figure 4.3, which shows the distribution of productivity for adopters
and non-adopters of IP protection.
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utility model, industrial design, trademark or copyright), and zero otherwise. Let X

be a vector of firm-level explanatory variables. In the logistic regression framework,

the conditional probability of IP protection adoption, p, can be expressed as follows:

log

(
p

1− p

)
= β0 +X ′β (4.1)

Solving for p yields

p(X; β) =
eβ0+X

′β

1 + eβ0+X′β
(4.2)

The firm-level characteristics in vector X include log of firm’s age, size of the firm

(indicators for large, medium-sized, and small enterprises), measures of external co-

operation, an indicator of competition from firms in the informal sector, log of top

manager’s years of experience, use of own funds to finance innovation, share of workers

with high school diploma, an indicator of whether or not an establishment trains their

workforce, legal status of the firm, exporter indicator, and export intensity (exports

share of sales).

4.4.1 Adoption of Intellectual Property Protection

I begin the study of the relationship between IP protection and firm-level variables

with a base logistic model that includes firm characteristics. I also examine the

sensitivity of the benchmark model to separate inclusion of sector dummies, country

dummies, and sector and country dummies. Results of the base logistic model are

presented in Table 4.8. Across all model specifications, age of an establishment,
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top manager’s years of experience, fraction of full-time employees with high school

diploma, firm’s legal status, and fraction of sales attributable to exports have no

significant associations with the decision to adopt IP protection at 10%, 5%, and 1%

significance levels.

Firm size has a positive and significant association with the use of IP protection,

with large firms (those with at least 100 full-time employees) and medium-sized en-

terprises (those that employ between 20 and 99 full-time employees) having higher

IP adoption rates relative to small establishments (those with less than 20 full-time

employees). This result potentially suggests that large innovative firms rely on IP

protection to capture the economies of scope that accrue from innovation.

Establishments that use their own funds (retained earnings or equity) to finance

innovation are also more likely to adopt IP protection. This is consistent with the

empirical result in Chapter 2, where firms which rely on internal funding (to finance

innovation) tend to be more productive and are, therefore, more inclined to protect

their innovative ideas and products to maximize the return on their internal funds.

The relationship between skilled labour and IP appropriation is positive and sig-

nificant, which is reasonable because firms that train their workers to become adept

at innovation are more likely to protect their invention. Moreover, being an exporter

has a positive and significant association with the likelihood of IP adoption. This

finding can be plausibly explained by the fact that exporters are more likely to be

large firms that use IP protection to maximize the return on their innovation.5 This

line of reasoning is supported by Figure 4.4, which shows that exporters are larger

relative to non-exporters.

5The effect of being an exporter on IP protection use becomes insignificant in column (2) of
Table 4.8 when sector dummies are included in the logistic model. Including both country and
sector dummies has no effect on the statistical significance of exporter dummy.
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4.4.2 External Cooperation and Demand for IP Protection

I examine the relationship between external cooperation and IP protection using three

measures. The first one, external consultant, is a dummy variable equal to one if a

firm uses services of external computer/software consultants, and zero otherwise. The

second proxy for external cooperation is external R&D, which is a dummy variable

that takes a value of one if a firm conducts external R&D, and zero otherwise. The

third measure, foreign technology, is a dummy variable equals to one when a firm

uses technology licensed from a foreign-owned entity, and zero otherwise.

Results of the relationship between external cooperation and the decision to use

IP protection are presented in Table 4.9. All model specifications include the stan-

dard firm-level control variables reported in Table 4.8, sector dummies, and country

dummies. Columns (1)–(3) use different measures of external cooperation one at a

time. Column (4) includes both external consultant and external R&D variables,

column (5) uses external consultant and foreign technology variables, column (6) in-

cludes external R&D and foreign technology variables, and column (7) includes all

three proxies of external cooperation.

Across all specifications, firms that engage in external R&D are more likely to pro-

tect their innovation. Similarly, columns (1) and (5) of Table 4.9 illustrate that use of

services of external computer and/or software consultants has a statistically signifi-

cant positive relationship with the decision to adopt IP protection. This is in line with

the literature which argues that establishments that collaborate with external part-

ners tend to protect their innovative ideas and processes to signal innovative potential

(Alexy et al., 2009; Hagedoorn and Ridder, 2012), or they do so in order to reduce

chances of leaking valuable knowledge to outsiders (Cassiman and Veugelers, 2002).



4.4. EMPIRICAL STRATEGY 97

The coefficient on external consultant variable loses statistical significance when I

control for external R&D in column (4) and external R&D and foreign technology in

column (7). Depending on model specification, firms that rely on foreign technology

are less likely to appropriate IP protection. This potentially suggests that foreign

technology reduces the need to protect IP by crowding out in-house innovation.

4.4.3 Competition and Demand for IP Protection

To study the role of competition from firms in the informal sector in explaining the

differences in IP protection rates across firms, I exploit firms’ self-reported perception

of how much of an obstacle they believe the practices of competitors from informal

sector are. The response to this question in the data is a categorical variable that

takes a value of 0 (no obstacle), 1 (minor obstacle), 2 (moderate obstacle), 3 (major

obstacle), and 4 (very severe obstacle).

Results of the relationship between IP adoption and practices of competitors from

the informal sector are presented in Table 4.10. Firms that do not perceive compe-

tition as an obstacle are omitted from the logistic regression model as the reference

category. All model specifications include the standard variables examined in Table

4.8 as well as sector and country dummies. Column (1) examines the whole data

sample, columns (2) and (3) test the robustness of the findings to the size of the city

in which an establishment operates because competition could be more pronounced in

large urban centres than in small towns. Specifically, column (2) uses only the sam-

ple of firms that operate in large cities (those whose population is at least 1 million),

whereas column (3) uses a sample of firms that are located in a small city (defined

as the one whose population ranges between 250,000 and 1 million people).
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Across all model specifications, IP protection adoption rates of firms that view

competition from businesses in the informal sector as a minor obstacle and those

that do not perceive the practices as an obstacle at all are not statistically different.

Using the full sample, I find that firms which indicate practices of competitors in

the informal sector as a moderate obstacle are more likely to adopt IP property.

This positive association is statistically significant at 1% significance level, and it is

plausibly driven by the business’ desire to prevent leakage of innovative ideas and

processes to competitors.

Furthermore, establishments that perceive practices of competitors from the in-

formal sector as moderate or very severe obstacles have higher propensities to adopt

IP protection at 1% and 5% significance levels, respectively. When I split the data

into samples comprising firms located in large cities and small cities, as shown in

columns (2) and (3), the results are generally similar to those from the full sample.

However, the coefficient on “very severe obstacle” for the sample of firms operating

in large cities becomes much smaller and loses statistical significance.

4.5 Conclusion

This chapter examines the state of IP protection in Kenya, Uganda, and Tanzania.

I begin the analysis by presenting descriptive evidence suggesting that the region

is far from the frontier of IP protection, both in Africa and internationally. I also

document heterogeneity of adoption rates of various IP protection mechanisms across

sectors and countries in East Africa, which suggests that IP adoption is higher for

manufacturing firms than it is for those in retail and service sectors across all countries

because the bulk of innovation happens in the manufacturing sector.
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The empirical analysis of demand for IP protection starts with the estimation of

a benchmark logistic model. I find that firm size, skilled labour force, use of retained

earnings to finance innovation, and being an exporter have positive and significant

associations with adoption of IP protection. Next, I study the relationship between

external cooperation and propensity of IP protection using three dummy variables:

access to external research and/or software consultants, external R&D, and access

to foreign technology. I find that depending on empirical specification, access to

external consultants and conducting external R&D have positive relationships with IP

protection. In contrast, use of foreign technology reduces the probability of adopting

IP protection as it crowds out in-house innovation.

Competition from informal firms has no significant link with the probability of

adopting IP protection if a firm perceives that competition to be a minor obstacle.

However, the results indicate that firms which perceive practices of competitors in the

informal sector as a moderate obstacle or a major obstacle or a very severe obstacle

are more likely to adopt IP protection. Notably, this result is robust to splitting the

data into a sample of firms located in large cities (with population of at least 1 million

people) where competition might be severe, and another comprising firms located in

small cities (with a population between 250,000 and 1 million people).
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4.6 Tables Chapter 4

Table 4.1: Number of Firms in IFS, ES, and Matched Samples

IFS Sample ES Sample Matched Sample
Kenya 549 781 549

Uganda 449 762 449

Tanzania 543 813 543
Observations 1541 2356 1541

Note: This table reports the headcount of firms in the ES and
IFS data.
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Table 4.2: Definitions of Selected Variables

variable Definition

Log of firm age The log of firm’s age (in years)

Log of firm size The log of the number of full-time employees in an estab-

lishment

Log of top manager’s ex-

perience

The log of top manager’s years of experience in the firm’s

sector of operation

Legal status Dummy variable equals to 1 if the firm is a corporation

(shareholding company with publicly traded shares or a

shareholding company with non-traded or privately traded

shares), and 0 if the firm is legally organized as a sole pro-

prietorship, partnership, limited partnership or has another

form.

Foreign technology Dummy variable equals to 1 when a firm uses technology

licensed from a foreign-owned company and 0 otherwise.

Exporter Dummy variable equals to 1 if a firm directly or indirectly

exports to other counties

Exports share of sales Fraction of sales that are directly or indirectly exported to

other countries

High school Proportion of full-time workers who have completed high

school

Continued on next page
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Table 4.2 – Continued from previous page

Variable Definition

Skilled labour Dummy variable equals to 1 if a firm provides employees

with formal training for the development or production of

innovative products or services, and 0 otherwise.

Log of labour productiv-

ity

Log of sales (in deflated USD) per worker

Sole innovation Dummy variable equal to 1 if the establishment developed

an innovation alone, and 0 otherwise

Introduced a new product Dummy variable equal to 1 if a firm has introduced a new

product or service, and 0 otherwise

External research consul-

tant

Dummy variable equal to 1 if a firm uses the services of an

external computer/software consultant, and 0 otherwise.

Internal R&D Dummy variable that takes a value of 1 if the firm conducted

internal R&D, and 0 otherwise

External R&D Dummy variable that takes a value of 1 if the firm conducted

external R&D, and 0 otherwise

Manufacturing sector Dummy variable that takes a value of 1 if the firm is in the

manufacturing sector and 0 otherwise

Retail sector Dummy variable that takes a value of 1 if the firm is in the

retail sector and 0 otherwise.

Service sector Dummy variable that takes a value of 1 if the firm is in the

service sector and 0 otherwise

Continued on next page
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Table 4.2 – Continued from previous page

Variable Definition

Used own funds for inno-

vation

Dummy variable that takes a value of 1 if the firm used

own funds/retained earnings to finance innovation, and 0

otherwise.

How much of an obstacle:

informal competitors

Categorical variable that records respondent’s perception of

how much of an obstacle are the practices of firms in the

informal sector.

Compete against infor-

mal firms

Dummy variable that takes a value of 1 if a firm competes

against informal firms, and 0 otherwise.
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Table 4.3: Summary Statistics

(1) (2) (3) (4) (5)
Variable Mean SD Min Max Obs

Log of firm age 2.573 0.793 0 4.673 1541

Log of firm size 2.775 1.312 0.005 8.613 1466

Log of top manager’s experience 2.527 0.717 0 4.043 1474

Legal status 0.104 0.305 0 1 1541

Foreign technology 0.091 0.287 0 1 1541

Exporter 0.257 0.437 0 1 1541

Exports share of sales 14.626 30.625 0 100 1428

High school 53.116 40.366 0 100 1541

Skilled labour 0.284 0.451 0 1 1541

Log of labour productivity (deflated, USD) 8.986 2.167 2.262 17.399 1064

Sole innovation 0.688 0.464 0 1 560

Introduced a new product 0.363 0.481 0 1 1541

External consultant 0.261 0.439 0 1 988

Internal R&D 0.209 0.407 0 1 1541

External R&D 0.054 0.226 0 1 1541

Manufacturing sector 0.494 0.500 0 1 1541

Retail sector 0.216 0.412 0 1 1541

Service sector 0.289 0.454 0 1 1541

Used own funds for innovation 0.548 0.498 0 1 1541

How much of an obstacle: informal competitors 1.907 1.270 0 4 1541

Compete against informal firms 0.665 0.472 0 1 1541

Note: This table reports the summary statistics using ES and IFS data.
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Table 4.4: Intellectual Property Protection Mechanisms

Kenya Uganda Tanzania
Patents 5.10% 8.69% 9.20%

Utility Model 4.92% 3.79% 18.05%

Industrial Design 6.74% 6.01% 16.02%

Trademark 9.29% 6.68% 13.08%

Copyright 4.37% 6.68% 14.73%
Observations 549 449 543

Note: This table reports the distribution of various IP pro-
tection mechanisms across countries.
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Table 4.5: Distribution of IP Protection Mechanisms

Share of firms

Tanzania Uganda Kenya Total
Panel A: Patents
Manufacturing 0.52 0.54 0.61 0.55

Retail 0.14 0.21 0.11 0.15

Service 0.34 0.26 0.29 0.30

N 50 39 28 117
Panel B: Utility Models
Manufacturing 0.45 0.65 0.52 0.49

Retail 0.13 0.18 0.19 0.15

Service 0.42 0.18 0.30 0.37

N 98 17 27 142
Panel C: Industrial Designs
Manufacturing 0.53 0.67 0.59 0.57

Retail 0.15 0.07 0.14 0.13

Service 0.32 0.26 0.27 0.30

N 87 27 37 151
Panel D: Trademarks
Manufacturing 0.52 0.57 0.65 0.57

Retail 0.14 0.20 0.12 0.14

Service 0.34 0.23 0.24 0.28

N 71 30 51 152
Panel E: Copyrights
Manufacturing 0.49 0.53 0.71 0.54

Retail 0.16 0.23 0.04 0.16

Service 0.35 0.23 0.25 0.31

N 80 30 24 134

Note: ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗p < 0.01. The dependent variable is a
dummy variable equal to 1 if an establishment uses any of the IP protec-
tion mechanisms (patent, utility model, industrial design, trademark, and
copyright) and 0 otherwise. This table considers only firms that actually
adopted IP protection mechanism(s).
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Table 4.6: Innovation Across Sectors and Countries

Tanzania Uganda Kenya Total
Manufacturing 0.18 0.57 0.45 0.39

N 272 208 282 762
Retail 0.17 0.47 0.37 0.34

N 103 108 122 333
Service 0.13 0.52 0.41 0.34

N 168 133 145 446
Total 0.16 0.53 0.42 0.36

N 543 449 549 1541

Note: This table shows the share of firms that reported to
have introduced any innovative product or service by sector
and country. N represents the total number of firms in a
given sector in each country.
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Table 4.7: Test of Mean Difference: IP Adopters vs Non-adopters

(1) (2) (3)
Variable Adopters Non-adopters Difference

Log of firm age 2.589 2.569 0.020

Log of firm size 3.097 2.695 0.403∗∗∗

Log of top manager’s experience 2.513 2.531 −0.018

Legal status 0.116 0.101 0.016

Foreign technology 0.082 0.093 −0.011

Exporter 0.296 0.247 0.049∗

Exports share of sales 15.496 14.410 1.087

High school 51.362 53.572 −2.210

Skilled labor 0.336 0.271 0.066∗∗

Log of labour productivity (deflated USD) 9.244 8.923 0.320∗
Sole innovation 0.763 0.663 0.100∗∗

Introduced a new product 0.437 0.344 0.093∗∗∗
External research consultant 0.318 0.243 0.075∗∗

Internal R&D 0.305 0.184 0.121∗∗∗

External R&D 0.107 0.040 0.067∗∗∗

Manufacturing sector 0.522 0.487 0.035

Retail sector 0.157 0.231 −0.074∗∗∗

Service sector 0.321 0.281 0.039

Used own funds for innovation 0.610 0.532 0.078∗∗

How much of an obstacle: informal competitors 2.047 1.871 0.176∗∗

Compete against informal firms 0.660 0.666 −0.005

Observations 318 1223 1541

Note: ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗p < 0.01. This table shows the mean characteristics of
firms who use IP protection (”Adopters”) in column (1) and those who have not adopted
IP protection (”Non-adopters”) in column (2). The differences in average characteristics
are shown in column (3).



4.6. TABLES CHAPTER 4 109

Table 4.8: Adoption of Intellectual Property Protection

(1) (2) (3) (4)

Log(Age) −0.024 −0.026 −0.016 −0.018
(0.058) (0.058) (0.059) (0.060)

Medium-sized business 0.188∗∗ 0.181∗ 0.194∗∗ 0.188∗∗

(0.092) (0.093) (0.093) (0.093)

Large business 0.306∗∗ 0.292∗∗ 0.313∗∗ 0.301∗∗

(0.138) (0.139) (0.139) (0.140)

Log(Manager’s experience) −0.048 −0.048 −0.031 −0.030
(0.063) (0.063) (0.064) (0.064)

Own funds 0.233∗∗∗ 0.234∗∗∗ 0.325∗∗∗ 0.325∗∗∗

(0.082) (0.082) (0.086) (0.086)

High school −0.001 −0.001 0.000 0.000
(0.001) (0.001) (0.001) (0.001)

Skilled labour 0.164∗ 0.158∗ 0.174∗∗ 0.169∗

(0.087) (0.087) (0.087) (0.088)

Legal Status 0.020 0.023 0.055 0.058
(0.126) (0.126) (0.128) (0.128)

Exporter 0.237∗ 0.228 0.266∗ 0.260∗

(0.139) (0.140) (0.140) (0.141)

Exports share of sales −0.003 −0.003 −0.002 −0.002
(0.002) (0.002) (0.002) (0.002)

Constant −0.911∗∗∗−0.894∗∗∗−0.887∗∗∗−0.875∗∗∗

(0.168) (0.185) (0.179) (0.196)

Sector dummies No Yes No Yes
Country dummies No No Yes Yes

N 1376 1376 1376 1376
Adj. R2 0.022 0.023 0.035 0.036
Joint Significance 0.001 0.002 0.000 0.000
Log-likelihood −670.190 −669.637 −661.387 −660.988

Note: ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗p < 0.01. The dependent variable
is a dummy variable equal to 1 if an establishment uses any of the
IP protection mechanisms (patent, utility model, industrial design,
trademark, and copyright) and 0 otherwise.
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Table 4.9: External Cooperation and Intellectual Property Adoption

(1) (2) (3) (4) (5) (6) (7)

External consultant 0.207∗ 0.155 0.203∗ 0.150
(0.107) (0.109) (0.107) (0.109)

External R&D 0.578∗∗∗ 0.526∗∗∗ 0.586∗∗∗ 0.536∗∗∗

(0.152) (0.169) (0.152) (0.169)

Foreign Technology −0.221 −0.310∗ −0.243 −0.328∗∗

(0.148) (0.163) (0.150) (0.165)

Control variables Yes Yes Yes Yes Yes Yes Yes
Sector dummies Yes Yes Yes Yes Yes Yes Yes
Country dummies Yes Yes Yes Yes Yes Yes Yes

N 891 1376 1376 891 891 1376 891
Aj. R2 0.051 0.046 0.037 0.061 0.055 0.048 0.065
Joint significance 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Log-likelihood −461.860 −653.935 −659.860 −457.065 −460.003 −652.599 −455.023

Note: ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗p < 0.01. The dependent variable is a dummy variable
equal to 1 if an establishment uses any of the IP protection mechanisms (patent, utility
model, industrial design, trademark, and copyright) and 0 otherwise. All model specifica-
tions include standard firm-level control variables included in Table 4.8, sector dummies,
and country dummies. Columns (1)-(3) use different measures of external cooperation
one at a time. Column (4) includes both external consultant and external R&D variables,
column (5) uses both external consultants and foreign technology variables, column (6)
includes both external R&D and foreign technology variables, and column (6) includes all
three proxies of external cooperation.
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Table 4.10: Competition and Intellectual Property Adoption

(1) (2) (3)
Full sample Large city Small city

Minor obstacle 0.226 0.235 0.232
(0.138) (0.174) (0.245)

Moderate obstacle 0.425∗∗∗ 0.442∗∗∗ 0.458∗

(0.134) (0.170) (0.234)

Major obstacle 0.463∗∗∗ 0.366∗∗ 0.588∗∗

(0.136) (0.166) (0.256)

Very severe obstacle 0.343∗∗ 0.094 0.819∗∗∗

(0.159) (0.196) (0.291)
N 1376 821 555
Adj. R2 0.046 0.058 0.075
Joint significance 0.000 0.000 0.004
Log-likelihood −653.635 −404.174 −234.954

Note: ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗p < 0.01. The dependent
variable is a dummy variable equal to 1 if an establishment uses
any of the IP protection mechanisms (patent, utility model,
industrial design, trademark, and copyright) and 0 otherwise.
Large city is defined as a city with more than 1 million people
and a small city has a population between 250,000 and 1 million
people.



4.7. FIGURES CHAPTER 4 112

4.7 Figures Chapter 4

Figure 4.1: Global Intellectual Property Protection Index Ranking
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Note: This figure shows the global ranking of East African
countries using Intellectual Property Alliance’s Intellectual Prop-
erty Ranking Index (IPRI) data, retrieved from https://www.

internationalpropertyrightsindex.org/

https://www.internationalpropertyrightsindex.org/
https://www.internationalpropertyrightsindex.org/
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Figure 4.2: Regional Intellectual Property Protection Index Ranking
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Note: This figure shows the regional ranking of East African
countries using Intellectual Property Alliance’s Intellectual Prop-
erty Ranking Index (IPRI) data, retrieved from https://www.

internationalpropertyrightsindex.org/
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Figure 4.3: Distribution of Productivity for Adopters and Non-adopters
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Note: This figure illustrates the distributions of productivity, measured
by sales per full-time worker, for adopters and non-adopters of IP protec-
tion.
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Figure 4.4: Distribution of Firm Size for Exporters and Non-exporters

0
.1

.2
.3

.4
.5

D
en

si
ty

0 2 4 6 8
Log(Employees)

Exporters Non-exporters

Note: This figure illustrates the distributions of firm size for exporters
and non-exporters.
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Chapter 5

Summary and Conclusions

This dissertation has utilized techniques of applied microeconomics to investigate and

analyse questions related to firm-level productivity, mortgage interest deduction, and

intellectual property protection. The first essay empirically examines productivity

effects of corporate leverage and equity financing. My results demonstrate that equity

financing has a significant positive effect on firm-level productivity and productivity

growth. Contrary to the literature, I find that debt financing is detrimental to firm-

level productivity and productivity growth. I attribute this to the fact that debt has

to be serviced through interest and principal repayments, which can potentially limit

the scope and types of investment strategies that a firm can pursue in the future.

Since this study makes no particular statement about the exact mechanism through

which financing interacts with productivity, the framework can be extended to include

a specific transmission channel, say investment in R&D, through which equity and

debt financing affect productivity level and productivity growth. One way to achieve

this would be to characterize R&D investment as a function of financing and then feed

this function into the evolution process for productivity. Similarly, another direction

for future work would be to further analyse specific drivers of variation of productivity
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effects of financing across different sectors within the manufacturing industry.

The second essay examines the impact of January 1, 2013 MID policy reform on

household outcomes in the Netherlands. The policy reform significantly reduced the

level of mortgage debt for the treated households. Similarly, I find that the policy

change induced treated borrowers to target cheaper and smaller homes in the post-

treatment period. The policy also resulted in treated households being charged higher

mortgage interest rates. It is possible that the lenders increased mortgage interest

rates to account for expected default risk because the pool of borrowers with AMPs

in the treatment period was largely made up of poor retired people with low level of

education. One possible recommendation for further research would be to consider

how the empirical findings from this study can be extended to other settings. This

extension is interesting because the Dutch mortgage market has unique mortgage

contracts that may not be available in other countries. It would also be interesting to

perform welfare analysis to quantify the impact of the policy reform on the welfare

of treated households.

Chapter 4 provides a descriptive analysis of the role of external cooperation and

practices of competitors in the informal sector in influencing adoption of IP protection

in East Africa. The empirical findings show that being an exporter, use of retained

earnings for innovation, and access to formally trained labour force are positively

and significantly associated with adoption of IP protection. Interestingly, I finds that

larger firms and medium-sized establishments have higher propensities to adopt IP

protection relative to small enterprises on average. There is evidence that conducting

external R&D has a positive and statistically significant correlation with the probabil-

ity of adopting IP protection. Similarly, use of services of external computer and/or
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software consultants is positively associated with the decision to adopt IP protection.

In addition, results corroborate that firms which indicate practices of competitors

in the informal sector as a moderate obstacle or a major obstacle or a very severe

obstacle are more likely to adopt IP protection.

Chapter 2 has practical application in the design of policy that is aimed at boost-

ing productivity in the economy. For instance, policymakers should incentivize firms

to use internal funds (equity or retained earnings) as opposed to borrowing funds to

finance operations because equity financing has been shown to have a positive impact

on productivity. Results from Chapter 3 would be useful in the design of an opti-

mal mortgage interest deduction policy without inadvertently hurting borrowers that

end up sticking with AMPs after the policy reform. Although Chapter 4 does not

establish causal statements, the empirical findings drawn from it could provide clues

about the design of policy aimed at encouraging establishments to embrace IP adop-

tion. First, policies which foster inter-firm cooperation, such as research symposiums

and subsidies towards joint R&D, would encourage adoption of IP protection. Also,

policymakers could implement a policy that provides firms with alternative sources

of financing, which would ensure that businesses have sufficient internal funds that

they can use to finance innovation, which is more likely to result in higher probability

of adoption of IP protection.
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Appendix to Chapter 2

I consider alternative model specifications of financing by examining total financ-

ing (sum of debt and equity financing) in Table A.1, equity financing alone (Table

A.2), and debt financing only (Table A.3). To investigate the effect of changes in

total financing, equity financing only, and debt financing only on productivity and

productivity growth, I employ the following Arellano-Bond regression models:

yjt = θ0 + θ1yjt−1 + θ2∆totalfinancingjt +X ′jtλ+ µjt (A.1)

yjt = θ0 + θ1yjt−1 + θ2∆equityjt +X ′jtλ+ µjt, (A.2)

yjt = θ0 + θ1yjt−1 + θ2∆debtjt +X ′jtλ+ µjt, (A.3)

where, yjt denotes either log of productivity or productivity growth (difference in

logs) for firm j in period t and yjt−1 is the lag of yjt, respectively. The results are

presented in Tables A.1–A.3. These results collectively demonstrate that my main

results, which include both debt and equity financing in the regressions of productivity

and productivity growth on financial variables, are robust to alternative models of

sources of financing.
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A.1 Combining Debt and Equity Financing

Table A.1: Effects of Total Financing on TFP and TFP Growth from the GNR
Model

(1) (2) (3)
Panel A: Dependent variable: TFPt

Log TFPt−1 0.466*** 0.591*** 0.534***
(5.196) (4.953) (4.947)

Total finance growtht 0.158*** 0.162*** 0.128***
(3.088) (3.018) (2.723)

N 12678 12678 12678
Panel B: Dependent variable: ∆TFPt

∆TFPt−1 -0.120 -0.122 -0.115
(-1.591) (-1.625) (-1.586)

Total finance growtht 0.177*** 0.176*** 0.146**
(2.597) (2.588) (2.354)

N 10652 10652 10652
Time Dummies No Yes Yes
Controls No No Yes

Note: This table reports effects of growth of total financing (measured as a
sum of debt and equity financing) on TFP (Panel A) and growth of TFP
(Panel B), using a GNR structural model that assumes a controlled Markov
process for productivity. Column(1) does not include controls and time
dummies, Column(2) includes time dummies, and Column(3) includes both
time dummies and logs of control variables (age, R&D intensity, cash, and
capital expenditures). T-stats are presented in parentheses. ***p<0.01,
**p<0.05, and *p<0.1.
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A.2 Using Equity Financing Only

Table A.2: Effects of Equity Financing on TFP and TFP Growth from the GNR
Model

(1) (2) (3)
Panel A: Dependent variable: TFPt

Log TFPt 0.477*** 0.592*** 0.535***
(5.235) (4.944) (4.937)

Equity growtht 0.046*** 0.051*** 0.040***
(2.991) (3.155) (2.869)

N 12678 12678 12678
Panel B: Dependent variable: ∆TFPt

∆TFPt−1 -0.121 -0.123 -0.115
(-1.607) (-1.642) (-1.597)

Equity growtht 0.065*** 0.066*** 0.053***
(3.136) (3.133) (2.765)

N 10652 10652 10652
Time Dummies No Yes Yes
Controls No No Yes

Note: This table reports effects of growth of equity financing on TFP (Panel
A) and growth of TFP (Panel B), using a GNR structural model that as-
sumes a controlled Markov process for productivity. Column(1) does not
include controls and time dummies, Column(2) includes time dummies, and
Column(3) includes both time dummies and logs of control variables (age,
R&D intensity, cash, and capital expenditures). T-stats are presented in
parentheses. ***p<0.01, **p<0.05, and *p<0.1.
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A.3 Using Debt Financing Only

Table A.3: Effects of Debt Financing on TFP and TFP Growth from the GNR
Model

(1) (2) (3)
Panel A: Dependent variable: TFPt

Lag TFPt 0.452*** 0.590*** 0.533***
(5.006) (4.948) (4.943)

Debt growtht -0.011*** -0.012*** -0.011***
(-4.000) (-3.959) (-3.773)

N 12678 12678 12678
Panel B: Dependent variable: ∆TFPt

∆TFPt−1 -0.118 -0.121 -0.113
(-1.569) (-1.610) (-1.568)

Debt growtht -0.015*** -0.015*** -0.013***
(-3.994) (-3.986) (-3.763)

N 10652 10652 10652
Time Dummies No Yes Yes
Controls No No Yes

Note: This table reports effects of growth of debt financing on TFP (Panel A)
and growth of TFP (Panel B), using a GNR structural model that assumes a
controlled Markov process for productivity. Column(1) does not include con-
trols and time dummies, Column(2) includes time dummies, and Column(3)
includes both time dummies and logs of control variables (age, R&D inten-
sity, cash, and capital expenditures). T-stats are presented in parentheses.
***p<0.01, **p<0.05, and *p<0.1.
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Appendix to Chapter 3

B.1 Stylized Facts About the Dutch Mortgage Market

FACT 1. The Dutch mortgage market is quite innovative with varieties of mortgage

products.

Access to different mortgage products allows borrowers to choose mortgage con-

tracts with payment amounts and schedules that meet their financial needs. For

instance, a household that is presently liquidity-constrained but anticipates a higher

future income can take out a mortgage contract that defers principal repayment to

maturity. This enables the household to smooth consumption over its life-cycle.

Table B.1 reports different mortgage products available in the Netherlands and

their main features. One salient innovation in the Dutch mortgage market is the idea

that borrowers can link savings/investments and life-insurance policies with mortgage

debt. This not only provides liquidity to other financial institutions such as insurance

companies, but also ensures that potential risks are shared between lenders, borrowers,

and life insurance providers.

FACT 2. Popularity of hybrid and multiple mortgage liens.
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Table B.1: Definition of Types of Mortgage Products in DHS Data

Alternative Mortgage products

Interest only: With this mortgage, one only pays interest during the mort-
gage tern with a lumpsum principal payment due at the end.

Endowment mortgage: With an endowment mortgage, one can get a new loan on (or
part of) the amount that you have already paid off during
the mortgage term.

Investment mortgage: Similar to other life-insurance mortgages, the loan is paid
off out of the benefits of a life-insurance policy linked to
the mortgage at maturity. However, the returns of the life-
insurance policy depend on the returns of an investment
portfolio.

Annuity construction: During the mortgage term, one pays only interest and con-
tributes to an annuity, which becomes available at the end of
the mortgage period. The annuity does not have to be used
to pay off the mortgage at the end of the mortgage period.
It can be used as a supplementary pension provision.

Life insurance: One pays interest for an unspecified period and the principal
is paid off after death (at the latest) using a life-insurance
policy

Traditional life-insurance: One pays interest on the loan and a premium for the life-
insurance policy. Unlike improved life-insurance mortgage,
there is no direct link between the interest rate of the loan
and the savings interest rate of the life-insurance policy.

Improved life-insurance: Similar to the traditional life-insurance mortgage, but the
interest rate of the loan and the savings interest rate of the
life-insurance policy are related.

Bank savings mortgage: There is no life insurance. Instead, there is a savings account
or an escrow investment account linked to the mortgage.

Amortizing Mortgages

Annuity mortgage: Total payments on interest and principal repayment are
fixed during the period for which the interest rate is fixed.
During the first part of this period, the amount due com-
prises a relatively large part of interest and a relatively small
part of principal. In later years, the opposite happens.

Linear mortgage: Periodic payments include paying off a fixed percentage of
the total mortgage loan and interest on the loan that is left
at that moment. Over time, interest payments decrease,
such that total monthly costs fall through the years. In
the first period of the mortgage term, the costs of a linear
mortgage are higher than the costs of an annuity mortgage.
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Another unique feature of the Dutch mortgage market is the prevalence of hybrid

and multiple mortgages on the same property. A hybrid mortgage combines more

than one mortgage products (with possibly different amortizations) into one mortgage

contract. For instance, a hybrid mortgage could be 40% interest-only and 60% life-

insurance.

Hybrid mortgages enable borrowers to diversify contract-specific risks posed by

having one type of a mortgage. For example, if two similar uninsured borrowers, one

with an annuity mortgage and another with a hybrid mortgage of 70% purely interest-

only mortgage and 30% annuity mortgage, are exposed to unexpected financial shocks

of same magnitudes, we would expect the one with a hybrid mortgage to have a

lower probability of default and consequently a better chance of weathering the shock

because their total payments per period are lower relative to those of the borrower

with an annuity mortgage.

Some Dutch mortgagors also have multiple mortgage liens, which are basically

home equity loans on the same property. These liens serve many purposes ranging

from covering renovation costs and new furniture to paying off other debts, among

others. Table B.2 show the distribution of number of mortgage liens on primary

residence for newly mortgages originated between 2009–2018.

Table B.2: Distribution of Mortgage Liens on Primary Residence

Number of mortgage liens on Primary Residence Frequency Percent
1 893 78.40
2 193 16.94
3 41 3.60
4 10 0.88
5 2 0.18
Total 1, 139 100
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It is clear that although the majority of primary residences are purchased using

a single mortgage lien (78.4%), a sizeable fraction of households rely on multiple

mortgage liens to purchase a home. In particular, about 17% of borrowers reported

to having two mortgage liens on their primary residence, and another 5% indicated

that they have at least three mortgage liens.

FACT 3. First-lien mortgages are generally larger with higher interest rates.

As discussed previously, some Dutch households have multiple mortgage liens on

their primary residences. It is, therefore, important to investigate how these liens

differ in terms of average loan sizes and interest rates. Table B.3 provides some

descriptive statistics of loan sizes and interest rates of mortgage liens on primary

residences in the Netherlands.

Table B.3: Descriptive Statistics for Mortgage Liens: Debt and Interest Rates

Mortgage Lien Mean SD. Min Max
Panel A: Mortgage Debt (e1000)
First 184.069 124.066 0.000 2100.000
Second 91.316 145.227 0.000 2008.000
Third 64.622 59.102 0.000 310.000
Fourth 48.600 36.494 10.000 122.000
Fifth 5.500 2.121 4.000 7.000
Panel B: Mortgage Interest Rate (%)
First 4.135 1.181 0.000 7.000
Second 3.931 1.233 0.000 6.400
Third 3.583 1.387 0.000 6.100
Fourth 3.254 0.921 2.000 4.800
Fifth 2.750 0.354 2.500 3.000

The average loan size of a first-lien mortgage debt is e184,000 with an average

interest rate of about 4%. Although first-lien mortgages are about twice as large as the

second-lien mortgages, their average interest rates are approximately similar (about
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4%). Similarly, fifth-lien mortgages are approximately e5,500 in size and attract an

average interest rate of just 2.8%. There are two plausible explanations for these

differences. To begin with, first-lien mortgages are larger because most households

use them as the main lien on a home and they have the top priority in case of default.

This implies that their interest rates are higher on average to compensate lenders

against potential default risks.

FACT 4. The homeownership rates for young homeowners (40 years and below)

are very low compared to those of older homeowners.

A key indicator of the extent of wealth inequality between the old and young is

the homeownership rate or the share of old/young people that live in owner-occupied

housing. This comparison can help in formulating a housing policy that could help

to target certain age groups.

Figure B.1: Homeownership Rates in the DHS Survey: Young vs Old Homeowners
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Figure B.1 breaks down the homeownership rates for young (those who are 40

years old and below) and old (those who are over 40 years old) for the period 2007–

2018. The share of young homeowners lags far behind that of older people. This can

potentially be explained by the fact that older people tend to have higher incomes

and more accumulated wealth relative to young individuals.

FACT 5. Banks are the primary lenders in the Dutch mortgage market, but the

role of other financial institutions has gained prominence over time.

Mortgage loans are extended by banks, insurance and asset management institu-

tions, and pension funds and other financial institutions. According to Table B.4,

banks are the main lenders of mortgage loans for first-lien mortgages with a lend-

ing share of about 53%. The shares of mortgage loans originated by insurance and

asset management companies and pension funds and other financial institutions are

roughly 10% and 37%, respectively. Within the banking industry, mortgage lending

is very concentrated with the Dutch top three banks (ING Bank, Rabobank, and

ABN Amro) originating nearly 45% of all mortgages. This represents about 85% of

all mortgages that the Dutch banks originate between 2008–2018.

Figure B.2 plots the evolution of shares of mortgages originated by banks, in-

surance and asset management institutions, and pension funds and other financial

institutions during 2007–2017. One thing that stands out is the gradual decline of

the share of mortgage lending from the banks between 2014–2017. During this pe-

riod, pension funds and other financial institutions have seen their mortgage lending

shares increase to a peak of about 55%. Similarly, insurance and asset management

institutions have seen a slight increase of their lending shares during this period.

FACT 6. Most borrowers obtain information about first-lien mortgages directly
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Table B.4: Distribution of Lenders of First-lien Mortgages

Lender Frequency Percent
Banks
ABN Amro 108 9.48
Postbank 14 1.23
Rabobank 248 21.77
ING Bank 155 13.61
Fortis Bank 24 2.11
SNS Bank 52 4.57
Sub-total 601 52.77
Insurance and Asset Management
Nationale Nederlanden 35 3.07
AEGON 75 6.58
AMEV 2 0.18
Bouwfonds Nederlandse Gemeenten 4 0.35
Sub-total 116 10.18
Pension Funds and Other Financial Institutions
ABP 2 0.18
Other financial institutions 420 36.87
Sub-total 422 37.05
Total 1, 139 100

Figure B.2: Distribution of Lenders of First-lien Mortgages
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from banks and financial institutions.

There are many sources of information about mortgage products in the Nether-

lands ranging from banks and financial institutions to hypotheekshops, which are

independent mortgage shops that provide detailed information about different mort-

gage products. Table B.5 summarizes the sources from which Dutch mortgagors

obtain information about first-lien mortgages. Notably, approximately 35% of Dutch

borrowers indicated that they go directly to banks and financial institutions to ob-

tain information about mortgage products. This is consistent with banks being the

originators of most mortgage loans as shown in Table B.4. Insurance agents and inde-

pendent mortgage shops (hypotheekshops) are the next popular sources of information

in the Netherlands with shares of roughly 28% and 24%, respectively. Surprisingly,

very few borrowers (only about 1%) reported to relying on internet to gather informa-

tion about their mortgage. This is potentially due to the importance that borrowers

attach to buying a home: homeownership is tedious, intimate and expensive, so hav-

ing a face-to-face conversation when one is thinking about purchasing is perceived as

superior to relying on internet.

Table B.5: Sources of Information for First-lien Mortgages

Source Frequency Percent
Directly with a bank or financial institutions 402 35.29
Through a real estate agent 58 5.09
Through an insurance agent 324 28.45
Through the Hypotheekshop (independent mortgage shop) 276 24.23
Through the employer 21 1.84
Via internet 11 0.97
Otherwise 47 4.13
Total 1, 139 100
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Figure B.3: Sources of Information for First-lien Mortgages
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Figure B.3 illustrates the distribution of sources of information for first-lien mort-

gages over time. It is clears that the roles of employers, internet, real estate agents,

and other sources as providers of information to mortgagors have been largely minimal

and stable over time. In contrast, banks have lost some ground as sources information

between 2011–2018. This is consistent with Figure B.2 where banks’ share of lending

in the Dutch mortgage market has been declining in the same period. As banks be-

come less popular, insurance agents and independent mortgage shops are gaining the

trust of Dutch mortgagors as sources of information for mortgage products.

FACT 7. The shares of homeowners and mortgagors have been declining while

the share of renters has increased.

Table B.6 illustrates the distribution of respondents, homeowner, and renters in
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the DHS surveys for the 2007–2018 waves. Looking at the column for survey respon-

dents, it is evident that the number of respondents has generally increased over time.

This is potentially due to more people choosing to respond to the survey. The surge

in the count of respondents is less likely to be induced by the number of people to

whom the survey is administered because this number is kept at around 2000 an-

nually. The shares of homeowners and mortgagors have gradually declined between

2011 and 2018. In particular, the fraction of homeowners declined from a peak of

75% in 2011 to just 66% in 2018. Similarly, the share of mortgagors plummeted from

68% in 2011 to about 60% in 2018. On the hand, there has been an increase in the

share of households in the rental market especially between 2012 and 2018.

Table B.6: Distribution of Respondents, Homeowners, and Renters

Respondents Homeowners Mortgagors Renters

Survey Total Total Share Total Share Total Share
2007 1480 1002 0.68 916 0.62 478 0.32

2008 1375 959 0.70 864 0.63 416 0.30

2009 1237 873 0.71 787 0.64 364 0.29

2010 1507 1106 0.73 1007 0.67 401 0.27

2011 1461 1097 0.75 996 0.68 364 0.25

2012 1524 1116 0.73 1007 0.66 408 0.27

2013 1566 1113 0.71 1022 0.65 453 0.29

2014 1494 1059 0.71 984 0.66 435 0.29

2015 1771 1286 0.73 1184 0.67 485 0.27

2016 1851 1309 0.71 1201 0.65 542 0.29

2017 1899 1292 0.68 1171 0.62 607 0.32

2018 1747 1150 0.66 1047 0.60 597 0.34
Total 18912 13362 0.71 12186 0.64 5550 0.29
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B.2 Supplementary Tables for Balancing of Covariate Test

Table B.7: Balancing Test: Bandwidth = 0.02

Variable Sample Mean

% Bias
Treated Control % Bias Reduction

Age Unmatched 45.21 38.64 48.4
Matched 46.79 46.72 0.5 98.9

Age×age Unmatched 2277.50 1626.60 50.3
Matched 2429.90 2418.40 0.9 98.2

Male Unmatched 0.64 0.58 11.2
Matched 0.70 0.72 −5.0 55.4

Children Unmatched 0.80 0.73 6.3
Matched 0.62 0.57 5.2 18.6

Partner Unmatched 0.76 0.75 2.2
Matched 0.74 0.76 −4.0 −86.5

Self-employed Unmatched 0.08 0.08 −1.0
Matched 0.06 0.05 3.9 −285.0

University Unmatched 0.17 0.23 −15.2
Matched 0.18 0.21 −6.9 54.7

Financial assets Unmatched 33.89 29.18 6.7
Matched 39.50 39.25 0.4 94.7

Net income Unmatched 32.43 32.87 −2.5
Matched 33.17 32.88 1.6 33.8

Urban Unmatched 0.62 0.66 −9.1
Matched 0.63 0.66 −7.4 18.4

Retired Unmatched 0.19 0.05 45.5
Matched 0.25 0.26 −3.7 91.9

Consumer credit Unmatched 4.53 3.99 1.9
Matched 4.86 3.84 3.5 −85.2

Agent Unmatched 0.17 0.15 7.4
Matched 0.16 0.14 6.3 15.2

Note: This table shows the balance of covariates using a default bandwidth of 0.02.
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Table B.8: Balancing Test: Bandwidth = 0.10

Variable Sample Mean

% Bias
Treated Control % Bias Reduction

Age Unmatched 45.21 38.64 48.4
Matched 47.06 46.59 3.4 92.9

Age×age Unmatched 2277.50 1626.60 50.3
Matched 2454.30 2408.30 3.6 92.9

Male Unmatched 0.64 0.58 11.2
Matched 0.69 0.71 −5.1 54.6

Children Unmatched 0.80 0.73 6.3
Matched 0.60 0.57 4.0 36.3

Partner Unmatched 0.76 0.75 2.2
Matched 0.74 0.74 0.1 94.9

Self-employed Unmatched 0.08 0.08 −1.0
Matched 0.06 0.05 3.7 −261.9

University Unmatched 0.17 0.23 −15.2
Matched 0.18 0.24 −14.2 6.8

Financial assets Unmatched 33.89 29.18 6.7
Matched 39.08 34.65 6.3 6.0

Net income Unmatched 32.43 32.87 −2.5
Matched 33.06 33.81 −4.2 −69.0

Urban Unmatched 0.62 0.66 −9.1
Matched 0.63 0.58 9.2 −1.3

Retired Unmatched 0.19 0.05 45.5
Matched 0.26 0.27 −2.4 94.6

Consumer credit Unmatched 4.53 3.99 1.9
Matched 4.88 3.90 3.4 −79.3

Agent Unmatched 0.17 0.15 7.4
Matched 0.17 0.13 11.0 −47.9

Note: This table shows the balance of covariates using a default bandwidth of 0.10.
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B.3 Modelling Consumer Credit as an Outcome Variable

There could be a concern that consumer credit might be endogenously affected by

the policy as mortgagors rebalance their portfolios after the policy reform. Table B.9

below presents the estimates of ATET when consumer credit is treated as an outcome

variable. I find that the policy reform resulted in lower demand for consumer credit

by borrowers with AMPs. Specifically, consumer credit for treated mortgagors fell by

e3,745–e4,085 after the policy change. The estimated effects of the policy change on

other outcome variables (interest margins, mortgage loans, home value, living room

size, and number of rooms) when I model consumer credit as an outcome variable are

qualitatively similar to the results obtained when I treat consumer credit as a control

variable as presented in Table 3.5.

Table B.9: Estimates of ATET with consumer credit as an outcome variable

(1) (2) (3)
Outcomes Bandwidth = 0.06 Bandwidth = 0.02 Bandwidth = 0.10
Interest Margins 0.633∗∗ 0.507∗ 0.603∗∗

(0.272) (0.272) (0.261)
Mortgage Loan (e1000s) −67.010∗∗ −63.130∗∗ −62.938∗∗

(28.785) (29.177) (28.508)
Home Value (e1000s) −65.879∗∗∗ −69.746∗∗ −63.726∗∗

(25.448) (29.618) (25.347)
Living Room Size (m2) −11.701∗∗ −10.599∗∗ −11.185∗∗

(4.829) (4.760) (4.862)
Number of Rooms −0.301 −0.316 −0.219

(0.337) (0.335) (0.338)
Consumer Credit (e1000s) −3.745∗∗ −4.085∗∗∗ −3.879∗∗

(1.478) (1.569) (1.562)

Note: Robust standard errors are given in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗p < 0.01. The
matching procedure uses Epanechnikov kernel function.
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