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Abstract

This paper presents a new model of IPO underpricing. It is a cross sec-
tion model estimated over all the major countries of the world, including
the rapidly advancing BRIC nations. The model explains IPO underpric-
ing by three types of variables, economic, demographic and institutional.
We �nd that two variables are particularly important: minimum capital
requirements to start a business (MCR), and domestic credit extension, as
measured by private sector development (PSD). These variables are both
highly statistically signi�cant, and are positively correlated with IPO un-
derpricing. They also have high elasticities in that a 10% reduction in
MCR would reduce IPO underpricing by about 3% and a 10% reduction
in domestic credit expansion would reduce IPO underpricing by about
2.5%, other things being equal. These results are shown to be statisti-
cally robust.

Key Words: IPO underpricing, world model, minimum capital require-
ments, private sector development.
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1 Introduction

We present a cross-section model of initial public o¤ering (IPO) in which IPO
underpricing is determined by economic, demographic and institutional vari-
ables. The data source for this is a hybrid database developed by Loughran,
Ritter and Rydqvist (2008). We specify and estimate a regression model in
which IPO underpricing is explained by factors like: domestic credit, market
capitalisation, nation size, the frequency of �nancial reporting, the minimal
capital requirements to start a business and the access to foreign alternative
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currencies. We �nd that it is possible to develop a robust model of underpric-
ing, which is free from problems of multicollinearity and remains stable under
sample trimming by both kernel density and least squares methods. Of the
various in�uences on IPO underpricing, two are identi�ed as particularly im-
portant: minimal capital requirements and domestic credit extension. These
variables not only are highly statistically signi�cant; they also have high and
positive elasticities of impact on IPO underpricing, making them ideal policy
instruments for curbing excess underpricing.
The paper is developed as follows. First, the general policy background

is explained, as regards the variables available for estimation and the suitable
formulation of a general hypothesis on the determinants of IPO underpricing.
Second, we report in detail on the speci�c functional form used in a regres-
sion model of IPO underpricing, and analyse our �ndings on the estimated
coe¢ cients of the model. Third, we report on tests of robustness of this model,
including its sensitivity to multicollinearity and to sample trimming. Fourth, we
conclude by drawing both �nancial and policy conclusions from the estimation.
Underpricing is said to occur when the price at IPO is below the subsequent

market value (normally taken as the closing price after the �rst day of trading).
Individual IPOs can be either underpriced, on the money, or overpriced. How-
ever, when annualised, which entails a kind of averaging or smoothing of data,
all countries display IPO underpricing.1 We know that there is a wide range of
average underpricing across the globe. Russia, India and China are of particular
interest due to their extreme pricing behaviour. These three countries are at the
limits of low (Russia) and high underpricing (India and China). To cast light
on these anomalies, it is important to analyse and discuss the signi�cant factors
that drive di¤erences in underpricing between countries within a formal inferen-
tial framework. To advance this endeavour, we make use of six key independent
variables in our model, which are grouped under economic, demographic and
institutional headings. The dependent variable of our model is a measure of
IPO underpricing.

2 The General Model and Policy Background

In order to further the understanding of the factors that may drive cross-
country di¤erences in underpricing, it is advantageous to construct a model
that capture key determinants of IPO pricing factors. We shall argue that
transparency, accountability, openness of the economy, education levels, the ef-
fectiveness of regulators, business ethics, the e¢ ciency of stock markets and the
fairness/e¤ectiveness of the judicial system are all factors that are in�uenced
by the globalisation process and by extension, they may in�uence IPO under-
pricing. In short, economic, demographic and institutional factors may partly
explain underpricing. We therefore sought appropriate empirical measures of

1Loughran, Ritter & Rydqvist (2008) provide a table with 49 countries represented. Whilst
IPO time periods vary somewhat between these countries, it is remarkable that they all do
display underpricing.
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these factors.
As is often the case in data analysis, the data available may be compromised,

incomplete or absent, which necessitates compromises in the use of proxies. Our
analysis, looking at variables across 39 countries in total, is no exception, but
we do feel that the robustness of our �ndings are most encouraging in the face
of the usual data challenges.
Policy Background
Quantitative easing and the role of monetary policies in stimulating growth

have been at the forefront of policy discussions in recent years in both the US
and the UK amongst other countries, due to the 2008 �nancial crisis. Blinder
(2010) notes that it also played a signi�cant role in the Japanese economy be-
tween 2001 and 2006, before entering into the US debate in 2008.2 Mishkin
(1999) notes that an expansionary monetary policy will generate growth and
reduce unemployment in the short-run, but will result in higher in�ation in
the long-run. To capture the e¤ect of cross-country liberalisation of money on
IPO underpricing, our model includes a variable that represents domestic credit
extended to the private sector (PSD).
An interesting avenue of exploration in the literature analyses the impact

of the market microstructure on IPO underpricing. For example, Brennan &
Subrahmanyam�s (1996) seminal paper �nds that informed investors are instru-
mental in creating considerable illiquidity costs for uninformed investors. As
a result, required rates of return on relatively illiquid shares should be higher,
according to Brennan & Subrahmanyam. Additionally, Andersen, Bollerslevy &
Meddahiz (2011) conclude that market microstructure noise reduces share price
forecasting accuracy. This suggested to us that it would also be interesting to
analyse cross-country market e¢ ciency against IPO underpricing. Fama (1965,
1970 and 1998) and Samuelson (1965) were pioneers in this �eld and they es-
tablished the e¢ cient market hypothesis (EMH) which is still being analysed
and extended today. Lo (2005) states that behavioral �nance can be recon-
ciled with the e¢ cient market hypothesis and proposes a new framework: the
Adaptive Markets Hypothesis. It is not possible to account for all these issues
in this model, but, to capture the spirit of many of them, we used a proxy
for increased market liquidity and maturity, namely stock market capitalisation
growth (MCG).
We would argue that it is also important to consider demographic variables

in our context. For example, Hong, Kubik & Stein (2004) posit that there is a
link between social interaction and stock market participation in the US, while
Kumar (2009) �nds that individuals�propensity to gamble and their investment
decisions are correlated in the US. Financial literacy and stockmarket partici-
pation (van Rooija, Lusardic & Alessie, 2011) would also be of great interest
when evaluating factors that drive underpricing. Although it is not possible to
capture �nancial literacy in our econometric model, elsewhere a mixed-method
approach, using �eldwork has been illuminating on this matter. In our econo-
metric model, we make use of population (Pop) to represent the demographic

2See Benford, et al. (2009) on the UK and quantitative easing.
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dimension.
Earnings quality is a crucial factor in reducing asymmetric information in

�nancial markets, which in turn should reduce IPO underpricing. The institu-
tional framework governing this area is becoming more complex, and increas-
ingly international as we see the rise of multi-national companies (MNCs) and
globalisation. For example, the US Sarbanes�Oxley Act (SOX) may have forced
lower quality auditors to exit the market in the US (DeFond & Lennox, 2011),
while it also served as the inspiration for the framework that underpin the �-
nancial standards required for listed Indian companies (i.e., Clause 49), note
Chakrabarti, Megginson & Yadav (2008).3 However, it may be di¢ cult to as-
sess whether international standards are truely met in audits. Luchs, Stuebs
& Sun (2009) examing the relationship between earnings quality and company
reputation. They �nd that in the US, higher reputation companies display bet-
ter earnings quality. Our econometric model will use timeliness of disclosures
(FreqRep), which is a combination of the frequency of �nancial reporting and the
number of items included in reports, as a proxy for audit quality and reliability
in this cross-country analysis.
Market contestability and barriers to market entry may also be a partial

explanation of IPO underpricing.4 A perfectly contestable market needs to
meet three requirements: agents can freely enter and exit the market at no
costs, there are no sunk costs and all �rms have access to the same technology.
Such a market would ensure e¢ ciency among the incumbent �rms, due to the
threat of rival companies entering the market. From the perspective of country
development, de Soto (1989) posits that barriers to entry are detrimental to
increasing income levels in Peru, as it is di¢ cult for small businesses to enter
the formal economy. Moreover, Herrendorf & Teixeira (2011) conclude that if
all barriers to entry in developing countries were removed, they would be lifted
out of poverty. Barriers to entry may encourage corruption and the formation
of cartels, both of which would adversely a¤ect IPO underpricing. This analysis
makes use of minimum capital requirement to start a business (MCR) as a proxy
for barriers to entry and also as a gauge of the level of bureaucracy and legal
requirements that countries level on businesses. As we shall show, this variable
turns out to be very important in explaining IPO underpricing.
The viability of the connection between �nancial openness and economic

growth has been discussed for a number of years. However, according to Bekaert,
Harvey & Lundblad (2011), three studies, Gupta & Yuan (2009), Mitton (2006)
and Quinn & Toyoda (2008), have �rmly established that �nancial openness and
economic growth are linked. And yet, Claessens et al. (2010) warn that with
the increased level of globalisation and interconnectedness of �nancial markets,

3 It should be noted that SOX was rushed through by US politicians amid corporate scandals
(prominently Enron), volatile �nancial markets and signi�cant media focus. It has been
widely noted in the academic literature that the Act should not have implemented corporate
governance mandates. See for example Romano�s (2005) widely cited paper for a review and
critique of the SOX Act and corporate governance.

4See Baumol�s (1982) seminal paper on market contestability.
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countries face increased systemic risk and vulnerability to global crises.5 Free-
dom to use alternative currencies (FreeAltCur) serves as a proxy for country
openness in this econometric study.
General Model
Our general model may be expressed as follows:

Underpricing = f(economic variables; demographic variables; (1)

institutional variables) + error:

IPO underpricing (Undpri) is a global phenomenon. It is measured as the
di¤erence between the issue price and the market value. The market value is
assumed to be evident after one day of trading on most stock exchanges, hence
underpricing is calculated as Undpri = (Issue price = Closing price of first
day of trading) � 100
Before moving on to the estimated model, the independent variables will be

listed in greater detail, with de�nitions, sources and a note on their relevance
to this model.
Economic variables
Private Sector Development (PSD), de�ned as domestic credit extended to

the private sector, is obtained from the World Development Indicators (World
Bank, 2003) and represent 2001 �gures. The World Bank notes that a well-
developed private sector is indicative of a wider, sounder macro economic cli-
mate. Essentially, private sector development is dependent on policies that pro-
mote openness in the economy and ensure a legal/regulatory framework which
supports a healthy business environment (e.g., it protects private property rights
and facilitates access to credit).6

Stock Market Capitalisation Growth (MCG) is calculated as the change
between the ratio of market capitalisation to GDP in 1990 and the ratio of
market capitalisation to GDP in 2001. These �gures are obtained from the
World Development Indicators (World Bank, 2003). It is often the case that
countries with large stock market capitalisation to GDP ratios are associated
with lower risk ratings in relation to their investment climate.7

Demographic variables
The Population variable (Pop) is, of course, a re�ection of the size of a

country�s population.8 However, in our analysis population may re�ect more
nuanced issues. Countries with larger populations may be less transparent and,

5Schwarc (2010) notes that the increasing complexity of �nancial markets and the threat
of systemic failure pose a signi�cant challenge to regulators. Frank & Hesse (2009) examine
the �nancial spillovers into developing markets, during the 2008 global �nancial crisis. In-
terestingly, Gai, Jenkinson & Kapadia (2007) �nd that systemic risk in developed countries
is now less likely to occur due to �nancial innovations and greater marcoeconomic stability.
However, potentially, systemic risk may have become a more severe factor.

6World Bank, 2003.
7World Bank, 2003.
8UN Stats (2006) for 2003 world population, except for Ireland and Taiwan. For Ireland,

Department of Health (2003), population �gures for 2002. For Taiwan, 2002 �gures from
Yearbook of the Republic of China (2004).
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as such, may experience less corporate and institutional accountability. Extrap-
olating to the demographic variable, it may also be that other considerations
within this heading may in�uence market dynamics, for example, income levels,
education, family sizes and age. For instance, we know that China is facing
an aging population, with all of the challenges that are associated with such
shifts in the population make up. Moreover, as �nancial products are becoming
increasingly complex and international in nature, it may also be that education
is a factor in creating market anomalies.
Institutional variables
The Timeliness of Disclosures variable (FreqRep) measures the �[f]requency

of reporting, consolidation of interim reports, of disclosed items� (Bushman,
Piotroski & Smith, 2004:211). Bushman, Piotroski & Smith note that higher
frequency of and more comprehensive disclosure in �nancial reports yield higher
scores in their study.
The data on the Minimum Capital Requirement to start a business as a share

of GNI per capita in 2002 (MCR) was obtained in the World Development In-
dicators (World Bank, 2003). This variable relates to the business environment
within a country. When a new company seeks to establish a new business in a
country, it is faced with some degree of bureaucracy and certain legal require-
ments. In some countries the process is quite straightforward, while in others,
it can represent a signi�cant barrier that drives businesses into the informal
economy. The World Bank (2003) �nds that as of January 2002, the minimum
capital requirement to start a business as a share of GNI per capita varied con-
siderably between Russia, India, China, the UK and the US. For Russia it was
38 percent, while there was no minimum requirement in India. India�s openness
to capital requirements notwithstanding, the country is, of course, well know
for its substantial informal economy. Harris-White & Sinha (2007) conclude,
through the use of both �eldwork and modelling, that the informal sector of the
economy is expending at a rapid pace in developing countries. China is another
country with a large, informal economy, however, China required a staggering
4338 percent of GNI per capita to start a business (which may partly re�ect the
low GNI for the country) in 2002. In 2002, neither the US nor the UK had any
minimum requirements in terms of capital to start a business.
Freedom to Use Alternative Currencies (FreeAltCur) is a composite of two

factors: the �Freedom of Citizens to Own Foreign Currency Bank Accounts Do-
mestically and Abroad�and the �Di¤erence between the O¢ cial Exchange Rate
and the Black Market Rate�in 2001 (Gwartney et al., 2001:6). Both variables
are weighted equally to produce the Freedom to Use Alternative Currencies vari-
able. In other words, it measures the freedom of a country�s citizens to access
foreign currency.
In determining the �nal model speci�cation, a number of other variables were

also considered. In particular the KOF Index of Globalisation (GloIndex ) vari-
able gave rise to further analysis, as it is an overarching variable incorporating
Economic, Social and Political factors in the �nal country scoring. The index
was used as a proxy for country openness, accountability and transparency. As
a result, Import and Export data for the respective countries was regressed
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against the IPO underpricing variable (Undpri) (WTO, 2005). However, the
regressions were not statistically signi�cant. This result may suggest that the
monetary value of trade is not directly linked to the openness of a country. For
example, Russia is one of the largest oil & gas exporters in the world, but is
still a somewhat inaccessible country in terms of cultural osmosis.
To further explore the social dimension of the KOF Index of Globalisation,

we also looked at the role of Radio, TV, PC and Newspaper proliferation (World
Bank, 2003). These demographic variables are interesting when considering the
role of the media in facilitating transparency and disseminating information. All
four variables are found to be insigni�cant when modelled within a multi regres-
sion framework against IPO underpricing. However, when they are regressed
individually against underpricing, the results changes. The Radio variable be-
comes borderline statistically signi�cant (p-value of 0.116 ). However, both the
TV variable and the PC variable become signi�cant at respectively the �ve
percent level (p-value of 0.032 ) and the ten percent level (p-value of 0.081 ).
Both variables are found to have a negative coe¢ cient; which means that the
countries with higher ownership rates of TVs and computers, have less pro-
nounced underpricing. Newspaper readership remains statistically insigni�cant.
These results would suggest that Radio, TV, PC and Newspaper proliferation
are potentially in�uencing factors in reducing IPO underpricing.
The Corruption Perception Index (CPI ) ranking, produced by Transparency

International (2005), was found to be signi�cant at the �ve percent level (p-value
of 0.052 ) and it has a positive coe¢ cient (the higher the CPI score, the less
perceived corruption in the country). But, again, it drops out of signi�cance
when entered into a multi regression model. Corruption, by its very nature, is
a di¢ cult variable to quantify. It is a variable that may warrant more speci�c
attention on a country level in regard to IPO, which falls outside the scope of
this paper.

3 The Estimated Model

We now turn to expressing the general model by a speci�c functional form, as set
out in Equation 2 below. As a reminder, Table 1 brie�y reviews the de�nitions
of all relevant variables described in the previous section, grouped under the
headings of three crucial factors: economic, demographic and institutional.
Table 1: Brief De�nitions of Explanatory Variables

Variable Acronym Factor
IPO Underpricing Undpri
Private Sector Development PSD Economic
Market Capitalisation Growth MCG Economic
Population Pop Demographic
Frequency of Financial Reporting FreqRep Institutional
Minimum Capital Requirements to start a business MCR Institutional
Freedom to use Alternative Currencies FreeAltCur Institutional
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Summary statistics on these variables are provided in Table 2. Several fea-
tures of this table are noteworthy. First, whilst underpricing (Undpri) can be
considerable (and this would be typical of countries in the sample, like India and
China, for example), it can also, on occasion be negative. Second, as commented
in the previous section, the range of minimum capital requirements (MCR) is
very great. Third, although the original database had 49 countries, because of
missing observations for some variables, the model could only be run with 39
observations.
Table 2: Summary Statistics

Variable Obs Mean Std. Dev. Min Max
Undpri 39 :2885897 :2883646 :042 1:645
PSD 39 86:22051 48:66319 11:5 186:7
MCG 39 15:24741 41:41259 :2778 226
Pop 39 110765:7 260510:2 721 1288400
FreqRep 39 72:11256 21:7682 17:39 99:28
MCR 39 183:5692 694:4789 0 4338
FreeAltCur 39 8:510256 2:118937 3:2 10

The variables in Table 1, when substituted into the general model of equation
(1), produce an econometrically estimable structural equation:

Undpri = �0+�1PSD+�2MCG+�3Pop+�4FreqRep+�5MCR+�6FreeAltCur+�
(2)

We estimated equation 2 by ordinary least squares, using Stata software and
its command <reg>.
Table 3: Estimated Regression Model Explaining IPO Underpric-

ing

Number of obs F (6; 32) Prob > F R2 AdjR2 Root MSE
39 33:74 0:0000 0:8635 0:8379 :1161

Undpri Coef: Std:Err: t P > jtj Elast9

PSD :0010137 :00045194 2:24�� 0:032 :252
MCG �:0022484 :000867433 �2:59�� 0:014 �:076
Pop 4:94e� 07 :0109869 4:37��� 0:000 :109
FreqRep �:0021069 :00089032 �2:36�� 0:024 �:184
MCR :0002546 :000059126 4:28��� 0:000 :293
FreeAltCur �:039901 :0109508 �3:64��� 0:001 �:172
_cons 0:6255221 :1156258 5:41 0:000 �3:825
Note: ***Signi�cant at 1% level, **Signi�cant at 5% level

9The elasticities used here, and elsewhere in this chapter where magnitudes of elasticities
are mentioned, were obtained as the coe¢ cients of the corresponding variables in a log linear
form of Equation (2). This is done to obviate the arbitrariness of having to choose a speci�c
point (e.g., the point of means) at which to calculate the elasticity. Our procedure is adopted
for calibration purposes only. Our preferred estimator procedure is applied to the model of
equation (2), for which all other results are reported in the rest of Table 3.
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Table 3 displays the estimates obtained by ordinary least squares (OLS).
There were N = 39 observations, with some observations being lost from the
Loughran, Ritter & Rydqvist (2008) sampling frame of N = 45, due to missing
data for a few variables from a few countries.10 Regarding goodness-of-�t, the
R2, and adjusted R2 have satisfactory values of 0:86 and 0.84 respectively, which
are high for cross section models of this variety. Not surprisingly, the F statistic
(33:74) for the model is highly statistically signi�cant with p = 0:0000: Finally,
every coe¢ cient is statistically signi�cant: at the 5%, or even 1% level.
Our set of independent variables aims to represent di¤erent key aspects of

the makeup of the sampled countries: economic, demographic and institutional.
The sample of 39 observations, represents all major countries from North Amer-
ican, South America, Europe, the Middle East, Africa, Asia and Australia. See
Loughran, Ritter & Rydqvist (2008) for the full country listing.
Private Sector Development (PSD), here measured as domestic credit ex-

tended to the private sector, has a positive coe¢ cient, which is to be expected,
and is statistically signi�cant at the 5% level (p-value of 0:032).11 This vari-
able is, in e¤ect, a measure of the liberality of money. Increased liberality cause
economic growth, stimulates �nancial markets and, as a result, has a positive
impact on the expected returns from the IPO market. Our model supports this
reasoning. The elasticity of underpricing with respect to PSD has a magnitude
of +0:252, implying that it has the second largest impact on underpricing of
all the exploratory variables we utilised.12 PSD growth is dependent on the
openness of the economy and on institutional e¤ectiveness. By its nature, the
liberality of money links di¤erent aspect of the economy, so it is of particular
interest to note that this has a signi�cant and positive impact on IPO under-
pricing.
Market Capitalisation Growth or market value growth (MCG) is here de�ned

to be the ratio of nominal market value in 2001 to the market value in 1991.13 It
is found to have a negative coe¢ cient and to be statistically signi�cant at the 5%
level (p-value of 0:015). The model suggests that stronger market growth over
this period is associated with lower returns. Generally speaking, one may expect
high growth markets to display higher IPO underpricing. This has certainly
been the case for developing countries like Brazil, Sir Lanka, Korea, Malaysia
and India in recent years. It was also evident during the US dot-com bubble
of 1999 � 2000, where excessive IPO returns became the norm. The highly
signi�cant negative coe¢ cient may be explained by the nature of the markets
that saw growth in the 1990s. European and North American markets and their
satellites all performed well during this period. They recorded signi�cant, stable

10The countries not included in the 39 country sample are: Belgium, Bulgaria, France,
Netherlands, Nigeria and Portugal.
11The World Bank, 2003.
12The elasticities used in this analyis are obtained directly from the estimated coe¢ cients

of the variables in log linear form of equation (2), e.g. [@(Undpri )/@(PSD )] � [PSD/Undpri ]
= b�1= 0.252 This removes any ambigurity of at which point to calculate the elasticity of
equation (2).
13The World Bank, 2003.
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growth and at the same time managed to avoid, on average, disproportionate
IPO mispricing. The elasticity of �0:0764 calibrated for Market Capitalisation
Growth is the smallest of the elasticities in this model, which would suggest that
for policy implementation purposes this area has the least potential for policy
in�uence on underpricing.
The coe¢ cient on Population (Pop) is positive and highly statistically signif-

icant at the 1% level (p-value of 0:000).14 China and India are prime examples
of this relationship at the higher end of the scale. Russia is one of the exceptions
to this rule. With around 143 million citizens it is one of the more populous
countries, and yet, it displays negligible underpricing. This only adds to the
previous discussion regarding the opacity of Russian market dynamics and il-
lustrates why it is paramount to travel to the country to more fully understand
the economic and social trajectory of the country. In contrast, countries such
as Austria, Canada, Denmark, Chile, Norway, Israel and Hong Kong are all at
the lower end of the scale in terms of both underpricing and population size.
It may be that these smaller countries (in terms of population) o¤er a higher
degree of accountability in their markets, that is, their markets may be more
transparent. Although the population variable is highly statistically signi�cant
at the 1% level, its +0:109 elasticity suggests that it is not one of the most
important factors in in�uencing underpricing performance.
The frequency of interim corporate reports (FreqRep) also encapsulates �num-

ber of items disclosed� and �consolidation of interim reports�.15 FreqRep is
signi�cant at the 5% level (p-value of 0:024) and has a negative coe¢ cient.
The negative coe¢ cient supports the notion that a higher degree of trans-
parency/accountability reduces underpricing. Moreover, with a relatively high
elasticity in absolute terms of �0:184, compared to the other independent vari-
ables, FreqRep has the potential for greater policy impact on underpricing (Und-
pri).
Minimum Capital Requirement to start a business as a percentage of GNI

per capita (MCR) is, in e¤ect, a measure of barriers to entry.16 Highly sta-
tistically signi�cant at the 1% level (p-value of 0:000), it is noted as having a
positive coe¢ cient. This would suggest that countries with greater minimum
capital requirements will also experience greater underpricing. If it is more di¢ -
cult to set up a new business in a country, some insiders might be more inclined
to manipulate the share price to maximise their returns, as start up companies
may be less frequent. Higher barriers to entry may lead to more collusion be-
tween incumbent agents. Minimum Capital Requirements display an elasticity
of +0:293, which is the highest absolute value of any elasticity in the model.
This therefore makes the variable the most important from a policy standpoint.
Freedom to Use Alternative Currencies (FreeAltCur) re�ects the availability

of money in the economy.17 However, it may also be a proxy for the openness and
e¢ ciency of a country�s �nancial markets. FreeAltCur has a negative coe¢ cient

14The United Nations data covering 2003 (2006).
15Bushman, et al. (2004).
16World Bank (2003).
17Gwartney, et al. (2001).
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and is statistically signi�cant at the 1% level (p-value of 0:001). Moreover, with
an elasticity of �0:172 it is among the key variables in the model in regard to
impact on IPO underpricing. It is not surprising to see a negative coe¢ cient.
As economies open up their markets they become more accountable to external
stakeholders and they have the opportunity to adopt more e¢ cient controls,
both on a market and a corporate governance level. It is interesting to consider
the availability of foreign exchange in China. It has a well developed, informal
economy that can move currency around, even internationally. Some of these
facilities may not be widely appreciated in the international literature, which
tends to focus more on corporate transactions. Indeed, it has become clear
through the �eldwork that even some Chinese citizens do not know about these
facilities, which again emphasises the need to couple quantitative analysis with
a more in-depth qualitative investigation on the ground.

4 Robustness Testing

To determine the strength of the �ndings discussed in the previous section, it is
paramount to run a series of robustness tests. In this thesis we will report on
three investigatory techniques. The �rst, multicollinearity, looks at problems
which may arise if regressors are highly correlated (see Section 5.4.1). The
second, kernel density trimming, tests the robustness of the coe¢ cients, as a
predetermined percentile of values (10 percent in this analysis) are trimmed
away on each variable individually (see Section 5.4.2 on trimming). The third,
trimmed least squares (TLS), is an extension of, and complement to, the kernel
density trimming. TLS trims the variables simultaneously (at 5, 10, 15 and 20
percent levels), which again allows us to asses the robustness of the coe¢ cients.18

4.1 Multicollinearity

Having discussed the merits of the coe¢ cients as regards both statistical and
economic signi�cance, it is advisable to test for multicollinearity.
We use two ways of testing for this condition. First, we simply inspect the

bivariate correlation matrix of coe¢ cients as given in Table 4.19

18We ran extensive tests of endogeneity (viz. Hausman (1978) and Wu (1973, 1974)). That
is, we attempted to refute exogeneity in the indepedent variables. In general, we failed to
refute exogeneity. However, in one case, for MCG, the variable with the lowest elasticity,
there was a slight suggestion of endogeneity at somewhat over the 5 percent signi�cance level.
19Table 4 is produced using the Stata command <correlate> on the dependent and inde-

pendent variables.
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Table 4: Bivariate Correlation Coe¢ cients

Undpri PSD MCG Pop FreqRep MCR FreeAltCur
Undpri 1.0000
PSD 0.1458 1.0000
MCG 0.5540 -0.0835 1.0000
Pop 0.8195 -0.0489 0.6219 1.0000

FreqRep -0.2187 0.1105 0.0426 -0.0784 1.0000
MCR 0.7908 0.1482 0.8083 0.7277 -0.0516 1.0000

FreeAltCur -0.4506 0.3537 -0.4259 -0.4221 -0.0061 -0.2740 1.0000

Any �gure above 0.8 would be considered high. It is evident, from Table
4, that with a correlation coe¢ cient of 0.8083, the correlation between Mini-
mum Capital Requirement to start a business (MCR) and Market Capitalisation
Growth (MCG) hints at possible multicollinearity.
Second, we use a more comprehensive method of testing multicollinearity by

examining Variance In�ation Factors (VIFs). The dependent variable in this
simple model represents IPO underpricing (Undpri).
We ran auxiliary regressions to determine a set of goodness of �t (R2k) mea-

sures which re�ect the proportion of variation in the k�th regressor that can
be explained by variation in the other regressors. Then the Variance In�ation
Factor (V IF ) for Xk is de�ned as:

V IF (�̂k) =
1

(1�R2k)
: (3)

The higher the VIF for a given variable, the higher the estimated coe¢ cient
of that variable. Any V IF (�̂k) in excess of 5 might be a cause of concern in
terms of multicollinearity, to the extent that variables rejected under t-tests as
insigni�cant may need to be re-evaluated.
Table 5: Variance In�ation Factor (VIF) Estimates

Variable VIF 1/VIF
PSD 1.37 0.730780
MCG 3.65 0.274009
Pop 2.44 0.409182

FreqRep 1.06 0.941492
MCR 4.81 0.207840

FreeAltCur 1.52 0.658784
MeanV IF 2.48

Fortunately, as Table 5 indicates, all VIF factors are below the critical value
of 5.20 Whilst the Minimum Capital Requirement to start a business (MCR) is
found to be the variable with the strongest potential for multicollinearity, it has
a VIF factor which is still below the critical value of 5. Overall, one therefore

20Table 5 was produced using Stata. First the regression command <reg> was run, followed
by the command <estat vif>.
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concludes that no signi�cant problems of multicollinearity arise for estimates of
our key equation (2).

4.2 Sample Trimming

By running tests that trim the data and remove outliers it is possible to further
assess the robustness of the speci�ed model.

4.2.1 Kernel Density Trimming

Kernel density estimates were used to trim one independent variable at a time.
We will exemplify our process by reporting the full results for the two inde-
pendent variables which had the highest elasticities in terms of absolute values:
PSD and MCR, as these are potentially the most important in policy contexts.
Table 6 and Table 7 display the percentile trimming levels. For example, a 10
percent trim will remove the observations below the 5th percentile and above the
95th percentile. Moreover, Table 8 and Table 9 display the modi�ed regression
results, under ten percent trimming of, respectively, PSD and MCR.
Table 6: Distribution of PSD

Percentiles Smallest
1% 11:5 11:5
5% 15:4 15:4
10% 20:6 20:5 Obs 39
25% 34:7 20:6 Sum of Wgt. 39

50% 86:2 Mean 86:22051
Largest Std. Dev. 48:66319

75% 127:2 149:2
90% 149:2 155:9 Variance 2368:106
95% 158:5 158:5 Skewness :0675956
99% 186:7 186:7 Kurtosis 1:893018

Table 7: 10 percent Trim of PSD

Number of obs F (6; 30) Prob > F R2 AdjR2 Root MSE
37 31:91 0:0000 0:8645 0:8375 :11887

Undpri Coef: Std:Err: t P > jtj [95% Conf: Interval]
PSD :0009443 :0005022 1:88 0:070 �:0000812 :0019698
MCG �:0024034 :0009159 �2:62 0:014 �:004274 �:0005328
Pop 4:90e� 07 1:16e� 07 4:23 0:000 2:53e� 07 7:27e� 07
FreqRep �:0019793 :0009303 �2:13 0:042 �:0038792 �:0000794
MCR :0002641 :0000624 4:24 0:000 :0001368 :0003915
FreeAltCur �:0402035 :0112202 �3:58 0:001 �:0631182 �:0172887
_cons :6289949 :1193539 5:27 0:000 :3852418 :8727481
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Table 8: Distribution of MCR

Percentiles Smallest
1% 0 0
5% 0 0
10% 0 0 Obs 39
25% 0 0 Sum of Wgt. 39

50% 24 Mean 183:5692
Largest Std. Dev. 694:4789

75% 109 326
90% 326 429 Variance 782301
95% 544 544 Skewness 5:701038
99% 4338 4338 Kurtosis 34:5919

Table 9: 10 percent Trim of MCR

Number of obs F (6; 31) Prob > F R2 AdjR2 Root MSE
38 10:2 0:0000 0:6637 0:5986 :11745

Undpri Coef: Std:Err: t P > jtj [95%Conf:Interval]
PSD :0009997 :0004588 2:18 0:037 �:000064 :0019354
MCG �:0024538 :000964 �2:55 0:016 �:0044199 �:0004877
Pop 4:75e� 07 1:20e� 07 3:97 0:000 2:31e� 07 7:20e� 07
FreqRep �:0022308 :0009331 �2:39 0:023 �:0041339 �:0003277
MCR :000178 :0001594 1:12 0:273 �:0001471 :0005032
FreeAltCur �:0411324 :0113297 �3:63 0:001 �:0642395 �:0180254
_cons :6551501 :1301763 5:03 0:000 :3896538 :9206465

The kernel density trimming procedure slightly improves the model�s R2

when the PSD variable is tested (from 0.8635 to 0.8645), while R2 for the MCR
variable drops from 0.8625 to 0.6637 in the 10 percent trim sample. Moreover,
it is evident that the coe¢ cients are stable under a 10 percent sample trim. The
coe¢ cients of Tables 7 and 9 display similar (positive/negative) signs to those in
Table 2, and their magnitudes are also stable relative to those of Table 2. The
results displayed for PSD and MCR, are similar to those of all six independent
variables. We conclude that the model is relatively stable under trimming, and
in that sense the model is relatively robust.

4.2.2 Trimmed Least Squares

Alternatively, the Least Trimmed Squares (LTS) technique, devised by Rousseeuw
(1984), allows for trimming at speci�ed levels across all variables simultaneously.
This analysis was carried out in Stata, using the <robreg lts> function.21 Atkin-
son and Cheng (1999) provide an account of the procedure for computing LTS
estimates. We �nd that the coe¢ cients are also relatively stable under the

21<Robreg lts> was devised by Jann in 2010 and is an independent addition to Stata.
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LTS trimming, which is another encouraging sign that our model is relatively
robust.22

5 Conclusion

It is clear from our model that several key economic, demographic and institu-
tional variables are both statistically and economically signi�cant in in�uencing
cross-country variation in levels of IPO underpricing. Further, our model passes
several rigorous tests of robustness. Our key �ndings are as follows. First, we
�nd that Minimum Capital Requirement to start a business, expressed as a per-
centage of GNI per capita (MCR), a proxy for barriers to entry, is statistically
signi�cant, with a positive coe¢ cient. Countries with greater minimum capital
requirements are associated with higher IPO underpricing. To illustrate, India
and China are both economies where licence requirements are ubiquitous and
barriers to entry are considerable. Second, we �nd that Private Sector Develop-
ment (PSD), as measured as domestic credit extended to the private sector, is
also positively correlated with IPO underpricing. As credit is increased to the
private sector, stimulating growth, underpricing becomes more pronounced in
�nancial markets. This may partly re�ect the impressive dynamics observed in
countries like India and China. Both countries have achieved high growth rates
in recent years, but they also display signi�cant IPO underpricing. Though
these are the key �ndings, others are also of interest. For example, the vari-
able with the third highest elasticity in our model is Freedom to Use Alternative
Currencies (FreeAltCur). This variable is a measure of the availability of money
in the economy. However, it can also be used as a proxy for the openness and
e¢ ciency of a country�s �nancial markets. FreeAltCur is found to be negatively
correlated with IPO underpricing. This makes sense, because as �nancial mar-
kets become more open and interconnected with the wider global community,
we should expect to see improvements in company oversight and higher corpo-
rate governance standards, and thus less underpricing. Finally, our �ndings are
relevant both to the better understanding of the IPO pricing process, and to
the scope of policy for modifying the extent of IPO underpricing.

22For example, for 15% trimming, using least trimmed squares under Stata, we obtain
values for PSD (:0005982), MCG (�:0019027), Pop (3:03e� 07), FreqRep (�:0056663), MCR
(:0002816) and FreeAltCur (�:9998363).
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