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1 Introduction

The initial public offering (IPO) represents a key milestone for a company, providing access
to public equity markets and a broader investor base. A central challenge in the IPO process
is to determine the offer price at which investors are willing to subscribe to the offering. To
accomplish this, the issuing firm and its underwriters engage in a price discovery process. This
starts with establishing an initial price range and is followed by a book-building process1, during
which the issuer markets its offering to potential investors and gathers information on demand.
Based on the new information, the final offer price is set. The deviation of this price from the
midpoint of the initial range is known as a price revision. Once the offer price is determined,
the shares are listed on the stock exchange. On average, the newly issued firm experiences a
price increase on the first trading day, a phenomenon widely referred to as underpricing.

Previous literature has long sought to understand the driving forces behind underpricing
and price revision. One strand of the literature examines IPO pricing through the lens of firm-
specific uncertainty arising from asymmetric information between issuers and investors (Ritter,
1984; Rock, 1986; Tian, 2011; Loughran and McDonald, 2013). In contrast, another stream of
research focuses on market-wide factors, examining how variables such as market returns and
investor sentiment influence IPO underpricing and price revision (Loughran and Ritter, 2002;
Lowry and Schwert, 2004; Derrien, 2005; Duong, Goyal, Kallinterakis, and Veeraraghavan,
2022).

This study will build on the market-wide-focused strand by exploring how volatility in the
secondary market spills over into IPO pricing. This is interesting in a contemporary setting,
as markets have experienced several spikes in volatility in recent times, including during the
COVID-19 pandemic and in response to the Liberation Day tariffs. While Lowry, Officer, and
Schwert (2010) examine the relationship between realized market volatility and underpricing
as part of a broader study, the area remains rather underexplored. This paper aims to contribute
to filling this gap by providing a more focused study on market volatility and IPO pricing with
the following research question:

How does market volatility influence underpricing and price revision in IPOs?

This paper contributes to the literature by exploring the findings of Lowry et al. (2010) in a con-
temporary setting, studying how realized market volatility affects underpricing and its disper-
sion. Furthermore, it extends the literature by incorporating implied volatility as an explanatory
variable, offering an additional perspective on the relationship between market volatility and
underpricing. In addition, by examining not only underpricing but also price revision, the study
provides a more comprehensive understanding of how market volatility influences different
stages of the IPO pricing process.

The empirical analysis is based on IPOs on NASDAQ and the New York Stock Exchange
in the U.S. between 2000 and 2024. The IPO data is retrieved from Securities Data Company
(SDC) Platinum, S&P Capital IQ Pro, and data compiled by Professor Jay Ritter, as well as

1Although the formal book-building generally occurs over a limited number of days, this paper refers to the
book-building process as the broader period between the filing of the initial price range and the offer date.
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market returns and volatility data from Center for Research in Security Prices (CRSP) and the
Federal Reserve Bank of St. Louis (FRED). After cleaning the data, the sample comprises 1774
IPO observations for the main regressions.

The study begins by partially replicating the methodology of Lowry et al. (2010). Specifi-
cally, it employs both a maximum likelihood estimation (MLE) and an ordinary least squares
(OLS) model to examine how the realized volatility of the equally-weighted NASDAQ portfo-
lio during the 21 trading days preceding the offer date influences the mean and dispersion of
underpricing. The models control for the firm- and deal-specific variables used in Lowry et al.
(2010). Similar to Dicle and Levendis (2018), who analyzes how market volatility affects IPO
volume, this paper incorporates implied volatility alongside realized volatility. Specifically, it
examines how the average VIX over the same 21-day window influences the mean and disper-
sion of underpricing. Moreover, the paper examines how both realized and implied volatility
affect price revision using OLS regressions. Similar to Lowry and Schwert (2004), the effect
of these volatility measures is examined across different time windows surrounding the period
when the initial price range is usually set, as well as the period immediately preceding the offer
date. The purpose of this is to identify the stages at which market volatility may be the most
relevant. Finally, to ensure the results are not driven by variations in IPO activity and firm
quality across periods, the paper includes additional control variables in a robustness check.

The results show that both realized and implied market volatility have significant and pos-
itive effects on the mean underpricing and its dispersion across issuing firms. These effects
remain robust after incorporating the additional control variables. Similar to what is found in
Lowry et al. (2010), this suggests that heightened market volatility leads to greater underpric-
ing and wider variation across issuing firms. Considering price revision, the results indicate
that only the implied market volatility observed in the earlier time windows has a positive and
significant effect on price revision. This suggests that the implied volatility in periods roughly
overlapping with the typical period for establishing the initial price range positively influences
price revision.

According to Lowry et al. (2010), dispersion in underpricing serves as an indicator of IPO
pricing difficulty. Interpreted through this lens, the finding that underpricing is more dispersed
in volatilemarket conditions suggests that heightenedmarket uncertaintymakes IPOs inherently
more challenging to value accurately. This, in turn, implies that the increased underpricing un-
der higher volatility may stem from increased pricing conservatism adopted in response to the
pricing difficulties. Similarly, the positive relationship between implied market volatility and
price revision may be another result of conservative pricing behavior. The findings suggest
that volatility primarily affects the range-setting stage rather than the subsequent offer-price
adjustment. An interpretation is therefore that higher early volatility may lead underwriters to
set more conservative initial ranges, resulting in positive revisions as demand becomes clearer.
Nonetheless, uncertainty about the timing of range-setting and the persistence of market volatil-
ity suggests that this interpretation should be treated with caution.

A puzzling finding is that implied volatility appears to be a better predictor of price revision
than realized volatility, suggesting that the involved actors may be more interested in expected
future volatility than historical volatility when setting the initial price range.
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Overall, it is important to note that the study examines a relatively small sample of successful
IPOs on the major U.S. exchanges, and its findings should therefore not be used to draw overly
broad conclusions. The results may also be subject to selection bias due to the exclusion of
withdrawn offerings and observations removed due to missing data. In addition, there is a risk
of omitted-variable bias. These dimensions would benefit from closer examination in further
studies. Nevertheless, the initial findings and potential interpretations offered by this study
may be valuable for the various actors involved in the IPO process and their respective strategic
considerations.

2 Related literature

Historically, IPO research has emphasized information asymmetry as the primary driver of
underpricing. More recent studies, however, have broadened this perspective by examining
a wider set of uncertainty-related determinants, including market dynamics. In this context,
Duong et al. (2022) investigate how investor sentiment, proxied by the Consumer Confidence
Index, affects IPO underpricing across different political systems for the period 1990-2020.
They find that higher consumer confidence is associated with greater underpricing, suggesting
that optimistic market-wide expectations amplify initial returns. Lowry et al. (2010) is another
paper considering the relationship between market dynamics and IPO underpricing. Studying
U.S. data from 1965 to 2005, the authors find that higher time-series realized volatility2 of the
NASDAQ index in the 21 days leading up to the offer date is associated with higher underpric-
ing. They also find that the realized volatility appears to have a positive effect on the dispersion
of underpricing across firms. The paper attributes the effect of market volatility on IPO un-
derpricing to the increased difficulty it creates for issuing firms and underwriters in accurately
valuing the IPOs.

Alongside studying factors affecting IPO underpricing, several researchers have also exam-
ined various drivers of IPO price revision, providing a more comprehensive understanding of
the IPO pricing process. Loughran and McDonald (2013) study how uncertainty, proxied by
the language in S-1 filings, affect price revision. Studying the U.S. IPO market between 1997
and 2010, they find that more uncertain language results in higher absolute price revisions. Ear-
lier literature, such as Lowry and Schwert (2004), have instead studied how market returns, in
different time windows prior to the offer date, affect price revision. Examining IPOs in the U.S.
between 1985 and 1997, the authors find that market returns before the initial range is set and
between the initial range and the offer date positively affect price revision.

This paper contributes to the literature that examines market-wide factors as drivers of IPO
underpricing by building on Lowry et al. (2010) and analyzing realized market volatility in a
contemporary context. In addition, it examines implied market volatility to evaluate its involve-
ment in underpricing. Furthermore, it extends prior research by examining how both volatility
measures, observed at different time periods before the offer date, affect price revision. Over-

2This paper will refer to the time-series realized volatility used in Lowry et al. (2010), as simply realized
volatility going forward.
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all, the study aims to shed additional light on the involvement of market uncertainty in the IPO
pricing process.

3 Data and sample construction

3.1 IPO sample

The IPO data were gathered from Securities Data Company (SDC) Platinum Global New Is-
sues3 and cover the period from January 1, 2000, to December 31, 2024. This time period
reflects a modern context while still offering a sufficiently long and heterogeneous time frame,
covering varying economic conditions. The sample includes IPOs listed on NASDAQ and the
New York Stock Exchange (NYSE) in the United States. The purpose of this delimitation is to
focus on one of the world’s most mature equity markets and its major exchanges, which have
regulatory consistency and high disclosure standards. Limiting the sample to one country also
removes cross-country variation that could obscure the relationship under study and ensures
comparability with prior IPO research, such as Lowry et al. (2010).

To ensure the sample represents standard operating-company IPOs and aligns with pre-
vious IPO literature, several categories of non-standard firms and offerings were excluded.
Specifically, following Lowry et al. (2010), firms with deviating regulatory or financial struc-
tures, including Real Estate Investment Trusts (REITs) and closed-end funds, were excluded,
as were offerings issued through foreign listing instruments such as American Depository Re-
ceipts (ADRs). Also, following Lowry et al. (2010), unit offerings were removed due to their
non-standard structure, and IPOs priced below $5, as such issues typically represent particularly
small and speculative penny stock firms. In addition, other types of non-conventional listings
were removed, including spin-offs and Special Purpose Acquisition Companies (SPACs), con-
sistent with the standard IPO literature filtering criteria recommended by Tian (2011). The
output generated from SDC Platinum consisted of 3026 IPO observations.

The following data items were extracted from the SDC Platinum database: Issue date, Is-
suer name, Ticker, CUSIP, Year founded, Exchange name, Number of shares offered, Offer price
(USD), First trading day closing price (USD), Bookrunners4, Venture-capital-backed flag, Pri-
mary high-tech industry, Total assets before offering (USD millions), Total revenues before
offering (USD millions), EPS last twelve months before offering (USD). These data items were
used to construct both dependent variables and independent control variables (see definitions
in the methodology section).

To address missing data, the gathered dataset was supplemented by data from S&P Capital
IQ Pro and Professor Jay Ritter’s IPO data collection5, frequently used in the IPO literature.
From Capital IQ, data on First-day price change were collected to supplement missing data
in SDC Platinum, using the SDC Platinum data firsthand. In addition, Capital IQ provided

3The SDC Platinum database was accessed through the Swedish House of Finance.
4Note that the bookrunner is a specific type of underwriter, and the two terms are used interchangeably through-

out this paper.
5Jay Ritter’s IPO data collection, available at: https://site.warrington.ufl.edu/ritter/ipo-data/
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all the data on Price revision. Furthermore, Capital IQ and Professor Jay Ritter’s IPO dataset
provided supplementary data on Year founded, using, in first hand, data from SDC Platinum, in
second hand, Capital IQ, and in third hand, Professor Jay Ritter’s data. Furthermore, the data
on Underwriter reputation scores was provided by Professor Jay Ritter. The data from Capital
IQ and Professor Jay Ritter were merged directly into the data file using CUSIP as the common
identifier.

3.2 Cleaning of IPO data

From the initial output of 3026 entries, duplicate observations were removed, ensuring there
is no more than one observation per IPO, resulting in 2853 remaining entries. Firms listed on
multiple exchanges were also removed due to the risk that they could have pricing information
from other markets, distorting comparability across the sample. After this, the sample consisted
of 2780 observations. Furthermore, observations were excluded if data necessary to create the
dependent variables and independent control variables6 were still missing after supplementing
with data from S&P Capital IQ and the data compiled by Professor Jay Ritter.

The final sample contains 1774 observations. Compared with Lowry et al. (2010), who
studied a sample of 8759 IPOs, this sample can be considered small. However, it is important
to note that the observation period in this study is significantly shorter and focuses only on list-
ings on NASDAQ and NYSE. Furthermore, to ensure comparability with Lowry et al. (2010),
inclusion of the same firm- and deal-specific control variables was prioritized, despite the con-
sequent reduction in the final sample size. The limited sample may make it more difficult to
detect effects in the regressions in the study, and also reduce the generalizability of the findings.

As noted by Lowry and Schwert (2004), the removal of observations with insufficient data
may introduce biased data. As shown in Appendix A, when compared to the final sample, a
compiled dataset consisting of the observations removed due to insufficient data differs with
regard to the mean of several variables. For example, consistent with what was detected in
Lowry and Schwert (2004), the average underpricing differs, with significance, from the mean
in the final sample. Therefore, the results of this study and their implications should be taken
with caution.

6This includes: First trading day closing price (USD), Number of shares offered, Year founded, Primary high-
tech industry, Venture-capital-backed flag, Exchange name, Bookrunners, Price revision
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3.3 IPO pricing over the sample period

Figure 1: Average IPO underpricing by year (2000–2024)
The figure illustrates the yearly average underpricing for the sample IPOs, each year between 2000 and 2024.
Underpricing is defined as the percentage change between the offer price and the closing price on the first day
of trading. The underpricing variable has been winsorized at the 1st and 99th percentiles to remove substantial
outliers.
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The sample data show that the average underpricing between 2000 and 2024 has varied sub-
stantially, as shown in Figure 1. For instance, in 2000, there was a spike in underpricing driven
by the IPO bubble, as discussed in Lowry et al. (2010). Moreover, in 2020, a smaller spike
was observed during the COVID-19 pandemic and the IPO frenzy it sparked, as discussed in
Zhang and Neupane (2024). While underpricing appears to be a persistent phenomenon, it has
evidently undergone significant shifts over time, sparking interest in understanding the driving
factors behind these fluctuations.
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Figure 2: Average price revision by year (2000–2024)
The figure shows the average price revision for the sample IPOs, each year between 2000 and 2024. Price revision
is defined as the percentage change between the the offer price and midpoint of initial price range. The price
revision variable has been winsorized at the 1st and 99th percentiles to remove substantial outliers.
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Moreover, as evident in Figures 1 and 2, the sample data appear to show that years with high
underpricing also feature more positive price revision. For example, the years 2000, 2020, and
2024 exhibit both above-average underpricing and positive average price revision. However,
unlike underpricing, the price revision did not show a similarly extreme spike during the 2000
IPO bubble. Overall, the correlation between underpricing and price revision in the sample ap-
pears significant at 0.309 (Appendix B). This supports the partial-adjustment theory formulated
by Hanley (1993), which finds that price revisions are good predictors of initial returns.

3.4 Market volatility data

To capture market-wide uncertainty, data used to form the primary independent variables, real-
ized volatility, and implied volatility, were gathered. To construct the realized volatility vari-
able, data on daily NASDAQ returns from the Center for Research in Security Prices (CRSP)
were collected in accordance with Lowry et al. (2010). The equal-weighted index, including
dividends, was used for the period from October 4, 1999, to December 31, 2024.

For the implied volatility, data were collected from the Federal Reserve Bank of St. Louis
(FRED), which provides daily data on the CBOE Volatility Index (VIX) derived from option
prices on the S&P 500 index. The data gathered covers the period October 4, 1999, to December
31, 2024.
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Figure 3: Realized volatility and implied volatility (2000–2024)
The figure presents the movements of realized and implied volatility (VIX) during the sample period 2000-2024.
Realized volatility is defined as the volatility of daily returns of the equally-weighted NASDAQ index, aggregated
at a monthly level, and reported in annualized %. Implied volatility (VIX) is defined as the average VIX level in
a given month. The volatility variables have been winsorized at the 1st and 99th percentiles to remove substantial
outliers.
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Realized volatility and implied volatility (VIX) appear to have broadly followed similar
movement patterns over the sample period, as shown in Figure 3. This is consistent with their
significant correlation of approximately 0.8047. (Appendix B). Figure 3 illustrates how the VIX
index reached exceptionally high levels during, for instance, the Global Financial Crisis in 2008
and the COVID-19 pandemic in 2020, times when realized volatility also spiked. In addition,
realized volatility was particularly high around the year 2000. Lowry et al. (2010) similarly
documented a sharp increase in realized volatility around the time of the IPO bubble ending in
2000. Importantly, some of the periods with heightened volatility, such as 2000 and 2020, also
appear to feature high average underpricing and more positive average price revision (as shown
in Figures 1 and 2), strengthening the motivation to study this relationship further.

7Note that this value is based on the logarithm of the realized and implied volatility measures, calculated over
the 21 trading days preceding each IPO’s offer date.
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3.5 Summary statistics

Table 1: Descriptive statistics for sample variables
This table reports summary statistics for the variables used in the study8. Underpricing is the percentage change
between the offer price and the first-day closing price. Price revision is the percentage change between the offer
price and the midpoint of the initial filing range. Shares offered refers to the number of shares offered in the IPO
(in millions). Firm age is the number of years between founding year and offer date. The high-tech dummy equals
1 if the firm belongs to a high-tech industry (SDC Platinum), and 0 otherwise. The VC-backed dummy equals 1
if the firm is backed by a venture capital firm (SDC Platinum) and 0 otherwise. The NASDAQ dummy equals
1 if the firm is listed on NASDAQ and 0 if listed on NYSE. The reputable bookrunner dummy equals 1 if at
least one bookrunner has a Carter–Manaster score ≥8, during any year between 2000–2024, and otherwise 0. IPO
activity is the number of IPOs in same month as IPO i. Firm assets and firm revenue represent total assets and
total accumulated revenues at the offer date (USD millions). Positive EPS dummy equals 1 if EPS was positive
in the LTM before offering , and 0 otherwise. Realized volatility [21,1] is the volatility of daily returns of the
equally-weighted NASDAQ index over the 21 days preceding the offer date, reported in annualized percentage.
Implied volatility [21,1] is the average VIX level during the 21 trading days preceding the IPO. All non-dummy
variables are winsorized at the 1st and 99th percentiles to remove substantial outliers.

Variable Mean Standard Deviation 25th Percentile Median 75th Percentile Min Max

Underpricing (%) 22.240 44.952 0.000 10.335 29.888 -30.270 312.104
Price revision (%) -2.114 14.526 -9.091 0.000 7.143 -50.000 25.642
Shares offered (millions) 10.054 9.629 5.000 6.916 11.420 0.615 58.540
Firm age (years) 13.080 16.813 4.000 8.000 14.000 0.000 99.270
High-tech dummy 0.631 0.483 0.000 1.000 1.000 0.000 1.000
VC-backed dummy 0.556 0.497 0.000 1.000 1.000 0.000 1.000
NASDAQ dummy 0.743 0.437 0.000 1.000 1.000 0.000 1.000
Reputable bookrunner dummy 0.814 0.389 1.000 1.000 1.000 0.000 1.000
IPO activity 16.068 9.728 10.000 14.000 22.000 1.000 43.010
Firm assets (USD millions) 583.942 1410.852 42.000 112.050 399.550 1.300 9619.868
Firm revenue (USD millions) 230.080 630.137 0.000 17.500 151.400 0.000 4486.078
Positive EPS dummy 0.225 0.418 0.000 0.000 0.000 0.000 1.000
Realized volatility[21,1] (%) 14.412 5.959 10.052 13.221 16.787 6.252 34.862
Implied volatility[21,1] 17.585 5.222 13.622 16.518 20.086 10.190 33.512

The average underpricing in the sample is 22.2%, while the median is 10.3% (Table 1), indicat-
ing that a number of IPOs exhibit extraordinarily high underpricing. This is similar to what was
observed by Loughran and McDonald (2013), who found an average underpricing of 34.8%
with a median of 13.3% between 1997 and 2010. The underpricing can also be compared with
the levels in the sample of Lowry et al. (2010), finding an average underpricing of 22% across
their full sample between 1965 and 20059. Considering price revision, an average level of -2.1%
was identified, highlighting how revisions are, on average, made slightly downwards. This is
similar to the findings in Lowry and Schwert (2002), seeing an average price revision of -3.6%
between 1985 and 1997, as well as Cumming, Köchling, Neukirchen, and Posch (2024) finding
an average of -2.8% between 2001 and 2018 for U.S. IPOs. Moreover, realized volatility has a
mean of 14.4%, while implied volatility, measured as VIX, averages a level of 17.6.10

8Market volatility over additional time windows will be introduced in later sections of the paper.
9Defined in Lowry et al. (2010) as the 21 trading-day post-IPO price change.
10The averages are based on the 21 trading-day pre-IPO volatility measures calculated individually for all 1774

IPOs, from which the cross-sectional mean is derived.
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Table 2: Correlation – Monthly aggregated underpricing and cross–sectional dispersion
The table shows statistics for the monthly aggregated mean underpricing and cross-sectional dispersion in under-
pricing. Underpricing is defined as the percentage change between the offer price and the closing price on the first
day of trading. Similar to Lowry et al. (2010), the cross-sectional dispersion has been calculated as the dispersion
in underpricing between firms listing in the samemonth and excluded those months with fewer than four IPOs. The
underpricing variable, used to form the statistics in this table, has been winsorized at the 1st and 99th percentiles
to remove substantial outliers.

Statistic Mean Median SD Correlation

Monthly mean underpricing 19.103 14.758 26.571
Cross-sectional dispersion 29.051 21.128 26.024 0.808

When aggregating the underpricing on a monthly basis over the sample period (2000-2024),
the correlation between the mean underpricing and the within-month cross-sectional dispersion
of underpricing is 0.808, as reported in Table 2. This implies that months with higher average
underpricing also show larger differences in underpricing across the firms listed during the
month. The correlation is within the range of correlations Lowry et al. (2010) report across
different periods, ranging from 0.542 in 1981-1990 to 0.925 in 1991-2005. It is also close to
the overall correlation of 0.877 reported by Lowry et al. (2010) for the period 1965-2005.

Since the level of underpricing and its dispersion tend to move together, this suggests that
some periods feature greater pricing difficulty and higher average underpricing. Meanwhile,
other periods are more stable, exhibiting lower underpricing and more consistent pricing be-
havior between issuers. Having established this connection, it becomes natural to examine
whether market volatility contributes to this phenomenon.

4 Methodology

This section outlines the empirical framework used to investigate the research question, includ-
ing the definition of the variables, the estimation approach, the model specification, and robust-
ness checks. To provide a clearer overview of the IPO pricing process and the time windows
used to measure market volatility, Figure 4 illustrates a timeline.

12



Figure 4: IPO pricing process – Timeline
The figure shows the key events of the IPO pricing process focused on in this paper. In Lowry and Schwert (2004)
it is found that the filing date of the initial price range is on average 44 days prior to the offer date. Moreover,
Loughran and Ritter (2002) claims that the 15 days prior to IPO represents the minimum time period between the
establishment of the initial price range and the subsequent offer price. The authors of both these papers also claim
that the offer price generally is determined in close proximity with the offer date (trading day 0). The time-windows
[63,43], [42,22], [21,1] and [15,1], represent the windows studied in different parts of this paper. [63,43], [42,22],
[21,1], all roughly represent roughly a month of trading days, while [15,1] covers the time period claimed relevant
by Loughran and Ritter (2002), as previously discussed. The red colored line represents the broader book-building
process between the filing of the initial price range and the offer date.

4.1 Defining underpricing and price revision

4.1.1 Underpricing

In the baseline model, the study defines underpricing in line with Loughran and McDonald
(2013), considering the difference between the offer price and the closing price on the first day
of trading (Figure 4). This can be compared to the definition used by Lowry et al. (2010). They
define underpricing as the difference between the offer price and the closing price on the 21st day
of trading. While acknowledging the problem of the first-day definition related to underwriters’
price-stabilization efforts presented in Lowry et al. (2010), this paper prioritizes capturing the
instant market reaction to the offer price and avoiding noise from post-IPO factors unrelated
to the IPO pricing process. In addition, it is the standard definition used in the IPO literature,
making results based on it more useful in light of the existing literature. Ljungqvist (2007) also
emphasizes that full underpricing should be visible by the first trading day in developed capital
markets without fluctuation restrictions, with later prices adding little value.

The measure of underpricing used in the study is thus defined as the percentage change be-
tween the offer price and the closing market price on the first trading day:

Underpricingi =
P close
i − P offer

i

P offer
i

× 100
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where P close
i is the closing price of the first trading day for the issuing firm i, and P offer

i is the
offer price at the issue date for the issuing firm i.

4.1.2 Price revision

Influenced by prior literature (Lowry and Schwert, 2004; Loughran and McDonald, 2013), this
paper also examines price revision to evaluate the effects of market volatility on pricing deci-
sions made earlier in the IPO process. Price revision is the phenomenon where the underwriters
revise the offer price in relation to the initial price range set in previous filings (Figure 4). In
line with the mentioned papers, price revision is defined as the percentage change between the
midpoint of the initial price range and the final offer price:

Price revisioni =
P offer
i − Pmid

i

Pmid
i

× 100

where P offer
i is the offer price at the issue date, and Pmid

i is the midpoint of the initial price
range, for the issuing firm i.

4.2 Defining market volatility

4.2.1 Realized volatility

Realized volatility is a measure of market uncertainty that accounts for historical variation in
stock returns. In this study, the realized volatility is calculated in the same manner as in Lowry
et al. (2010), using the daily returns of the equally-weighted NASDAQ11 index including divi-
dends, over k trading days, at an annualized level:

Realized volatilityi,k =

√∑k
d=1(rm,i−d − r̄m,i,k)2

k − 1

√
252 × 100

where rm,i−d is the daily market return d days before IPO i, and r̄m,i,k is the average market
return over the k-days window.

4.2.2 Implied volatility

Another type of market volatility is implied volatility, a forward-looking measure of market un-
certainty derived from option prices and representing investors’ expectations of future volatility.
To empirically capture implied volatility, the CBOE Volatility Index (VIX) is used. The VIX
index measures the expected volatility of the S&P 500 over the next 30 days. It is regarded as
the standard measure of forward-looking volatility for U.S. markets and is thus an appropriate
gauge of implied volatility.

11Lowry et al. (2010) indicate that estimating volatility from other market portfolios, including the NYSE, would
not yield any material differences in the results.
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The rationale for extending Lowry et al. (2010) with an implied volatility measure is to
further explore how IPO pricing responds to different dimensions of market volatility, both
historical and forward-looking. Evidence from Dicle and Levendis (2018) indicates that the
two measures may drive different outcomes in the IPO context. The authors find a significant
relationship between implied volatility and IPO activity, but not for realized volatility, which
further motivates including implied volatility in this study.

To keep the implied volatility measurement similar to that for realized volatility, it is also
captured over the same pre-IPO windows. By taking the average level of the VIX index over
this period, short-term fluctuations are smoothed out, providing a measure of the overall market
uncertainty experienced by the price-setters. For IPO i, the implied volatility is measured over
a window of k trading days, defined as:

Implied volatilityi,k =
∑
(V IXi−d)

k

where V IXi−d is the closing level of the VIX index d days before IPO i, and k is the number
of trading days included in the window.

4.3 Control variables

To isolate the effect of market volatility in the study, several control variables are included to
account for firm- and deal-specific dimensions, consistent with the variables included in Lowry
et al. (2010).

i) Log(Shares offered)
Log(Shares offered) is defined as the logarithm of the number of shares offered by the issuing
firm in the IPO. Shares offered are included to control for differences in size across offerings,
as larger offerings often indicate more established firms, broader analyst coverage, and greater
investor attention.

ii) Log(Age + 1)
Log(Age + 1) is defined as the logarithm of the number of years between the offer date and the
year the issuing firm was founded (plus one). This variable is included because younger firms
may be perceived as riskier.

iii) High-tech dummy
The high-tech dummy is set to 1 if the firm is categorized as a high-tech firm and 0 otherwise,
as defined by the SDC Platinum database. This variable is included because high-tech firms
may be perceived as riskier and more uncertain.

iv) VC-backed dummy
The VC-backed dummy is deemed 1 if the firm is VC-backed and 0 otherwise, as defined by
the SDC Platinum database. This variable is included, rather than other forms of ownership,
because VC involvement has a long-established theoretical link to information asymmetry and
certification (e.g., Barry, Peavy, Vetsuypens, and Muscarella, 1990), in which VCs typically
back younger, riskier firms, thereby playing a more important role as a certifier.

15



v) NASDAQ dummy
The NASDAQ dummy is 1 if the firm is listed on NASDAQ and 0 if it is listed on NYSE. The
dummy variable is included to ensure that the estimated effects are not driven by systematic
differences between the two exchanges, including listing requirements, firm characteristics,
and investor compositions.

vi) Reputable bookrunner dummy
The reputable bookrunner dummy is 1 if the IPO had at least one bookrunner that had an un-
derwriter rank equal to 8 or above during at least one year between 2000–2024, based on the
Carter and Manaster (1990) rank, updated by Carter, Dark, and Singh (1998) and subsequently
by Loughran and Ritter (2004). This ranking system is widely used in the IPO literature, but
due to missing data points in the most recent years, this definition differs slightly from the one
used in Lowry et al. (2010). The variable is included because using a reputable underwriter may
signal higher quality to the market, thereby reducing uncertainty surrounding the IPO.

vii) Abs(Price revision)
Abs(Price revision) is defined as the absolute value12 of the percentage change between the
offer price and the midpoint of the initial filing price range. The motivation for including this
variable is that it controls for information revealed during the book-building process. Since
prior studies, e.g., Hanley (1993), have found that this new information is only partly reflected
in the offer price, known as the partial adjustment phenomenon, the remaining information that
is not adjusted for may also affect underpricing.

4.4 Winsorization and outliers

The raw IPO sample exhibits high kurtosis for several variables (Appendix C), suggesting that
outliers might distort the results. To address this issue consistently, all non-dummy variables are
winsorized at the 1st and 99th percentiles. When winsorized at this level, the kurtosis decreases,
for example, from 1135 to 19, for the underpricing variable. This resulting kurtosis level is
comparable to the one reported by Lowry et al. (2010) for their sample, excluding the IPO
bubble period between 1998 and 2000. In contrast to Lowry et al. (2010) and consistent with
Loughran and McDonald (2013), this paper does not exclude any years based on unusual IPO
dynamics in the main regressions. However, appendix D shows that the results for underpricing
remain when excluding the period from January to August 2000, which falls within the IPO
bubble period studied separately by Lowry et al. (2010). This is the same period that exhibited
an unusually high underpricing in Figure 1.

4.5 Estimating underpricing

Following Lowry et al. (2010), a maximum likelihood estimation (MLE)model is used to jointly
estimate the mean underpricing and the variance of the error term. Measuring the variance of
the error term provides insight into how market volatility affects the dispersion in underpricing

12The absolute value is only applied to the price revision when used as a control variable.
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across firms. This introduces another feature of the model, which is that it does not require
homoskedastic error terms. Since the error terms differ substantially across IPOs, an MLE
framework that models this variation may yield efficiency gains over simple linear regressions
if correctly specified. In addition, following Lowry et al. (2010), a cross-sectional ordinary
least squares (OLS) model is used to benchmark against the MLE results.

Themean underpricing, and for theMLE also variance, is regressed on the independent vari-
ables, with one model for the realized volatility[21,1] which refers to the 21 days leading up to
the IPO and one for the implied volatility[21,1] measured over the same period. This corresponds
to the time period employed by Lowry et al. (2010). The reason this paper studies underpricing
based on market volatility in only one time window, as opposed to how price revision is studied,
is that it only directly involves one pricing decision (Figure 4). The equations for the mean and
variance13 models are specified below:

i) Realized volatility

Underpricingi = β0+β1 log(Shares offeredi)+β2High-tech dummyi+β3VC-backed dummyi
+ β4abs(Price revision)i + β5NASDAQ dummyi + β6 log(Agei + 1)

+ β7Reputable bookrunner dummyi + β8 log(Realized volatility[21,1]i) + εi

ii) Implied volatility

Underpricingi = β0+β1 log(Shares offeredi)+β2High-tech dummyi+β3VC-backed dummyi
+ β4abs(Price revision)i + β5NASDAQ dummyi + β6 log(Agei + 1)

+ β7Reputable bookrunner dummyi + β8 log(Implied volatility[21,1]i) + εi

iii) Realized volatility

log(std(εi)) = γ0 + γ1 log(Shares offeredi) + γ2High-tech dummyi + γ3VC-backed dummyi
+ γ4abs(Price revision)i + γ5NASDAQ dummyi + γ6 log(Agei + 1)

+ γ7Reputable bookrunner dummyi + γ8 log(Realized volatility[21,1]i)

iv) Implied volatility

log(std(εi)) = γ0 + γ1 log(Shares offeredi) + γ2High-tech dummyi + γ3VC-backed dummyi
+ γ4abs(Price revision)i + γ5NASDAQ dummyi + γ6 log(Agei + 1)

+ γ7Reputable bookrunner dummyi + γ8 log(Implied volatility[21,1]i)

4.6 Estimating price revision

Some literature, including Loughran and McDonald (2013), considers either only upward revi-
sions or absolute price revision. Other literature, such as Loughran and Ritter (2002) and Lowry
and Schwert (2004), studies the signed price revision. When studying price revision as a depen-
dent variable, this paper follows the latter approach. This allows both upward and downward

13Note that while the MLE conceptually models the error variance, the empirical specification models the log
of the standard deviation of the error term. This results in an identical economic interpretation, differing only by
a constant scaling factor of 2.
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adjustments to be captured, providing insight into how market volatility affects the direction of
the price revision, not just its magnitude.

This study seeks to understand not only if, but also at which stage market volatility primarily
influences price revision, acknowledging that it may affect the establishment of the initial price
range, and not only during the book-building process. However, the available databases lack re-
liable data on the date when the initial range is decided. It is noted in Lowry and Schwert (2004)
that not all issuing firms include the initial price range in the original filing and instead often file
an amended prospectus that includes the initial price range at a later stage, for which the date
is seldom captured in the databases. Given this constraint, volatility is measured over differ-
ent time windows prior to the offer date, similar to Lowry and Schwert (2004). By comparing
which periods show a stronger effect, it might be possible to infer whether market volatility
affects the initial range setting, the book-building process, or both.

Firstly, the volatility during the 15 trading days prior to the offer date (referred to as [15,1])
is evaluated, as Loughran and Ritter (2002) argue that this represents the minimum length of
time between the setting of the initial price range and the offer date. Thus, this window isolates
how the volatility after the initial range is set affects the price revision. Secondly, the volatility
during the 21 trading days before the IPO (referred to as [21,1]) is considered, consistent with
the horizon used when studying underpricing. Thirdly, volatility during the period 42 to 22
trading days before the IPO is examined (referred to as [42,22]). Lastly, volatility during the
63 to 43 trading days before the IPO (referred to as [63,43]) is evaluated. As the average time
between the time when the initial range is set and the offer date is 44 days, according to Lowry
and Schwert (2004), the earliest two windows are more likely to coincide with the setting of
the initial price range rather than with the subsequent book-building process. See Figure 4 for
a visual overview of the different events and time windows.

The effects of realized and implied volatility on price revision during these different time
windows are estimated using a cross-sectional ordinary least squares (OLS) model. This is con-
sistent with prior price revision studies, such as Loughran and McDonald (2013), which rely
on standard linear regressions. The equations for the models are shown below, where d1 and d2
denote the days that define the boundaries of the respective time windows:

v) Realized volatility

Price revisioni = β0+β1 log(Shares offeredi)+β2High-tech dummyi+β3VC-backed dummyi
+ β4NASDAQ dummyi + β5 log(Agei + 1) + β6Reputable bookrunner dummyi

+ β7 log(Realized volatility[d1,d2]i) + εi

vi) Implied volatility

Price revisioni = β0+β1 log(Shares offeredi)+β2High-tech dummyi+β3VC-backed dummyi
+ β4NASDAQ dummyi + β5 log(Agei + 1) + β6Reputable bookrunner dummyi

+ β7 log(Implied volatility[d1,d2]i) + εi
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4.7 Robustness checks

To verify the robustness of the results, additional control variables for IPO activity and firm
financial characteristics are added to the cross-sectional OLS andMLEmodels for underpricing
and the cross-sectional OLS models for price revision14. The extended model specifications
can be found in Appendix E. Because some observations are missing data used to construct
the additional control variables, the sample used in the robustness check is reduced to 1626
observations.

4.7.1 Controlling for IPO activity

Periods of high IPO activity, when many firms go public, are in the IPO literature referred to
as “hot IPO markets” (Helwege and Liang, 2004). Lowry et al. (2010) find that their sample
exhibits lower average underpricing when the IPO bubble, characterized by exceptionally high
IPO activity, is omitted, suggesting that volumes and underpricing may be related. In addition,
it is not unlikely that IPO activity also affects price revision. Furthermore, IPO activity has
been found to be related to market volatility (Pástor and Veronesi, 2005), and it may therefore
be necessary to control for this variable to ensure that the effect attributed to market volatility is
not merely an effect of IPO activity. To account for this, and with the aim to further isolate the
relationship between market volatility and IPO pricing, from the potential effect of IPO activity,
the following variable is included:

i) IPO activity
IPO activity is defined as the number of IPOs in the same calendar month as IPO i. Similar to
Helwege and Liang (2004), this paper uses a larger dataset of IPOs for this variable, including
those with insufficient data, to better capture the true IPO activity.

4.7.2 Controlling for firm quality and riskiness

It has been established in the IPO literature that the quality and riskiness of the issuing firms
affect IPO pricing (Rock, 1986). Furthermore, Lowry and Schwert (2002) find that certain
types of firms, often similar in quality and riskiness, tend to go public at the same time, sug-
gesting that similar firms may cluster around certain volatility levels. This notion could affect
the relationship this paper seeks to study. While venture-capital backing and underwriter rep-
utation, included in the baseline models, to some degree control for firm quality and riskiness,
it is deemed prudent to include additional, more direct proxies related to more firm-specific
financials. Drawing on previous IPO literature, such as Loughran and McDonald (2013), and
Tian (2011), the following variables have been included:

ii) Log(Firm assets)
Log(Firm assets) is defined as the logarithm of the firm’s total assets in USD millions, at the

14Note that the additional robustness control variables have been winsorized at the 1st and 99th percentiles in
line with the other variables of the study.
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time of the IPO.

iii) Log(Firm revenue + 1)
Log(Firm revenue +1) is defined as the logarithm of the firm’s revenue in USD millions, accu-
mulated from the founding date until the IPO, plus one.

iv) Positive EPS dummy
The positive EPS dummy is 1 if the firm had positive EPS in the 12 months before the IPO and
0 otherwise, following the definition used in Loughran and McDonald (2013).

5 Empirical results

5.1 Baseline results

In this section, the results of the baseline regressions are presented, examining how market
volatility influences underpricing and price revision. To begin with, Table 3 outlines the MLE
and OLS regressions, estimating the mean and variance of underpricing. The MLE regres-
sion (c) shows that the realized volatility[21,1] has a positive and significant effect on the mean
underpricing. This is consistent with both the results in the OLS regression15 (a) and the re-
sults of Lowry et al. (2010), finding that the realized market volatility had a significant and
positive effect on the mean underpricing. The coefficient of 6.401 in regression (c) means
that a 1% increase in realized volatility[21,1] would lead to a 0.064 percentage point increase in
mean underpricing. Viewed in the context of the descriptive statistics (Table 1), a one standard-
deviation increase in realized volatility[21,1] from the mean would increase the mean underpric-
ing by 2.65 percentage points. Furthermore, the MLE regression (d) in Table 3 shows that
implied volatility[21,1] has a positive and significant effect on the mean underpricing with a co-
efficient of 11.588. This implies that a 1% increase in implied volatility[21,1] results in a 0.116
percentage point increase in mean underpricing. This, in turn, suggests that a one standard de-
viation increase from the mean of implied volatility[21,1]would increase the mean underpricing
by 3.44 percentage points.

15Overall, the OLS models in this study exhibit low R-squared values, which is common in the IPO literature.
For instance, Lowry et al. (2010) had R-squared ranging between 0.030-0.240 when regressing on different time
periods of their sample
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Consistent with Lowry et al. (2010), regression (e) in Table 3 shows that realized volatility[21,1]
has a positive and significant effect on the dispersion of underpricing between firms. The coef-
ficient of 0.442means that a 1% increase in realized volatility[21,1] would increase the dispersion
(measured as standard deviation) by 0.442%. This means that a one standard deviation increase
in realized volatility[21,1] from the mean would increase the dispersion by 18.3%. Similarly, the
implied volatility[21,1] shows a positive and significant effect on the dispersion of underpricing
with a coefficient of 0.902. This indicates that a one standard deviation increase from the mean
would increase the dispersion by 26.8%.

These results support the notion that heightened market volatility, as measured by both re-
alized and implied volatility, increases both the mean underpricing and the dispersion across
issuing firms. The higher level of underpricing suggests that firms tend to set their offer prices
more conservatively relative to the market valuation. At the same time, the higher dispersion
suggests it is more difficult to price consistently.

In Figure 1, the year 2000 stands out with exceptionally high average underpricing, consis-
tent with the IPO bubble described in Lowry et al. (2010). Following their approach, classifying
offerings prior to September 2000 as part of this bubble, the baseline model is re-estimated on
a subsample excluding these observations (see Appendix D). The results for both the OLS and
MLE specifications outlined above remain robust, indicating that the main findings are not
solely driven by the bubble period.

Moving back a step in the IPO pricing process, Table 4 presents the results of the OLS
regressions estimating the relationship between market volatility and price revision. Neither
realized volatility[15,1] nor implied volatility[15,1] show a significant effect on price revision.
This suggests that market volatility occurring after the initial price range has been set, which
Loughran and Ritter (2002) note is decided at the very latest 15 trading days before the offer
date, does not influence the subsequent price revision.

The realized volatility[21,1] does not show a significant effect on price revision. However,
the implied volatility[21,1] shows a positively significant effect, where a 1% increase in im-
plied volatility provides a 0.025 percentage points more positive price revision. This implies
that a one standard deviation increase in implied volatility[21,1] (Table 1) from the mean in-
creases the price revision by 0.75 percentage points. Considering the earlier time window
of roughly two months before the IPO, realized volatility[42,22] displays no significance, but
implied volatility[42,22] exhibits a significantly positive effect. The implied volatility[42,22] shows
a stronger effect on price revision than implied volatility[21,1]. Its coefficient implies that a 1%
increase in implied volatility[42,22], leads to a 0.033 percentage points increase in price revision.

Both realized volatility[63,43] and implied volatility[63,43] show significant and positive ef-
fects on price revision. A 1% increase in realized volatility[63,43] gives a 0.017 percentage points
increase in price revision, and a 1% increase in implied volatility[63,43] results in a 0.032 per-
centage points higher price revision. Noteworthy is that the implied volatility[63,43] has a slightly
smaller effect than implied volatility[42,22].

Overall, the results indicate that volatility during the earlier time windows seems to be more
influential on the price revision. This implies that the volatility that matters seems to coincide
with the price range setting, rather than with the subsequent book-building process.
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5.2 Robustness results

To test the robustness of the results, themodels are extendedwith the additional control variables
for IPO activity and firm financial characteristics. Table 5 presents the results from the extended
versions of the previously presented MLE regressions and the corresponding OLS regressions.
Even with the additional controls, both realized volatility[21,1] and implied volatility[21,1] are still
significantly positive in theMLEmean regressions, which is supported by the results of the OLS
regression. Themagnitudes of the coefficients are somewhat reduced, with realized volatility[21,1]
in the extended MLE having a coefficient of 5.186 (c) and implied volatility[21,1] having a coef-
ficient of 9.238 (d). This can be compared to the baseline model (Table 3) where the coefficients
are 6.401 and 11.588, respectively. The MLE variance regressions also features positive and
significant coefficients for both realized volatility[21,1] and implied volatility[21,1]. Moreover,
the variance model also sees slight reductions in coefficients with realized volatility[21,1] in the
MLE at 0.379 (e) (vs. 0.442 in Table 3) and implied volatility[21,1] in the MLE at 0.726 (f) (vs.
0.902 in Table 3). The conducted VIF test (Appendix F) for the OLS regressions indicates that
the variables do not appear to suffer from severe multicollinearity, even after adding these ad-
ditional robustness variables. This indicates that the small reduction in the coefficients is not
due to multicollinearity introduced by the extended model.

The reduction in coefficient magnitudes implies that some of the variation previously at-
tributed to volatility is now absorbed by IPO activity and the firm financial characteristics.
However, the fact that the effects remain significant indicates that the primary mechanism is
not simply that volatility influences which types of firms, and how many, choose to go public.
Instead, market volatility appears to have a independent effect. It also implies that IPO activity
is unlikely to be a major underlying confounding factor behind the volatility effect.

All in all, this emphasizes that the results reported in Table 3 are robust, even when con-
trolling for the potential distorting involvement of IPO activity and the financial metrics. The
results also verify the findings of Lowry et al. (2010), showing a positive and significant effect
of realized volatility on the mean and dispersion of underpricing. This robustness test sup-
ports the notion that higher market volatility increases both the level and the dispersion of IPO
underpricing.
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The same additional controls on IPO activity and firm financials are included in the price
revision OLS regressions, as shown in Table 6. When controlling for these dimensions, the
results are mostly in line with those presented in Table 4. However, realized volatility[63,43] and
implied volatility[21,1] lose their significance, casting doubt on their impact on price revision.
Together with the remaining significance for implied volatility[42,22] and implied volatility[63,43],
this supports the view that implied volatility in the earlier time windows is driving price revi-
sion. In turn, this strengthens the notion that market volatility in the time periods closer to the
establishment of the initial price range has greater explanatory power than that in the periods
immediately preceding the offer date.

These patterns suggest that part of the effect attributed to implied implied volatility[21,1] and
realized volatility[63,43] in Table 5 may have reflected differences in financial characteristics of
the issuing firms or the IPO activity at the time of the offering. Meanwhile, the robust signif-
icance of the implied volatility in the [42,22] and [63,43] windows indicates that they have a
more direct and independent influence, rather than simply capturing effects of issuance activity
or patterns in which types of firms decide to go public in certain market conditions. However,
the magnitude of the coefficients is, just like in the underpricing regressions, naturally slightly
reduced from the baseline model. Implied volatility[42,22] reports a coefficient of 2.720 (vs.
3.339 in Table 4) and implied volatility[63,43] a coefficient of 2.344 (vs. 3.211 in Table 4).

Additionally, this robustness test shows that implied volatility may be a more influential
predictor of price revision than realized volatility. This indicates that issuing firms and their
bookrunners place greater weight on expectations of future market uncertainty than on the
volatility that has already materialized.

Similar to what was established in relation to Table 6, a VIF test (Appendix F) for the full
set of variables in this robustness check indicates that no serious multicollinearity issues appear.
This reinforces the interpretations concerning the changes in significance and coefficients seen
in relation to Table 4.
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6 Discussion

6.1 Market volatility and underpricing

The results from the MLE and OLS regressions in Tables 3 and 5 support that higher realized
market volatility during the 21 days prior to the offer date has a positive and significant effect on
underpricing and its dispersion. This finding is consistent with Lowry et al. (2010). In addition,
a similarly positive and significant effect is found for implied volatility under the same time
period.

In line with Lowry et al. (2010), this study interprets cross-sectional dispersion in underpric-
ing as an indicator of IPO pricing difficulty. Following this interpretation, the findings of this
support the view that higher market volatility increases uncertainty in firm valuation, thereby
making it more challenging for issuing firms to set accurate offering prices. As a result, IPOs
issued in volatile market environments exhibit greater variation in first-day returns. This aligns
with the argument in Lowry et al. (2010) that market-wide uncertainty creates valuation and
pricing challenges.

The higher underpricing observed in more volatile markets suggests that issuing firms re-
spond to greater pricing difficulty by setting more conservative offer prices. Under normal
market conditions, several explanations for such behavior include compensating investors for
information asymmetry (Rock, 1986) and reducing the risks faced by underwriters in the event
of an unsuccessful IPO (Derrien, 2005). It may thus be the case that higher market volatility
amplifies these phenomena, causing issuers to adopt even more cautious pricing strategies and
thereby increasing underpricing. More conservative pricing may also be required by investors
as compensation for the increased risk of subscribing to IPOs in more volatile markets, a risk
reflected in the heightened underpricing dispersion.

Nevertheless, it is important to challenge the notion that first-day initial returns are driven
solely by underpricing relative to the company’s true market value as revealed on the first day
of trading. This view presumes market efficiency, which may not hold in practice. Instead,
as pointed out by (Derrien, 2005), high first-day initial returns may also arise from behavioral
factors and overly optimistic investors. It may therefore be the case that market volatility co-
incides with different levels of investor sentiment and enthusiasm, which drives up the market
price in relation to the offer price.

As discussed in the methodology section, there is also criticism of first-day initial returns
as a measure of underpricing, given the widespread price stabilization activities undertaken by
underwriters during the early trading period. This implies that the underpricing effect attributed
to market volatility in the results may be distorted by underwriter activities.

6.2 Market volatility and price revision

The results from the OLS regressions support the notion that higher implied volatility in the
time windows [63,43] and [42,22] has a positive and significant effect on price revision. Fur-
thermore, the results fail to robustly support the claim that realized volatility influences price
revision and that implied volatility in time windows closer to the offer date affects price revi-
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sion. Although the studies examine different market variables, it is noteworthy that this pattern
contrasts with Lowry and Schwert (2004), who find that market returns during both early and
late stages of the pricing process affect price revision. This may imply differences in the infor-
mative nature of market returns and market volatility during the book-building process.

The fact that implied volatility affects price revision in the earlier time windows, suggests
that it drives a more conservative initial price range. According to Lowry and Schwert (2004),
bookrunners tend to set conservative initial ranges for riskier firms to avoid downward revi-
sions that could signal an unsuccessful offering. As demand becomes clearer during the book-
building, this conservatism naturally results in a more positive price revision. The findings in
this study, with implied volatility exerting its strongest influence during the estimated price
range setting phase, support the argument that increased market uncertainty amplifies this con-
servative behavior by making the market value of the issuing firm more uncertain.

As described in the methodology, identifying the exact timing of the initial pricing range
is difficult, making it challenging to determine which windows occur before and after the
range-setting date. This poses a challenge to this part of the study and implies that the re-
sults should be interpreted with caution. As the average time between the initial range being
set and the offer date is 44 days according to Lowry and Schwert (2004), it is not entirely
clear that the earlier windows of implied volatility, and in particular the [42,22] window, ac-
tually affect the initial price range. It is plausible that implied volatility[42,22] to a certain ex-
tent occurs after the initial price range is set, and thus rather affects the book-building pro-
cess. However, although not a definite proof, the lack of significance of implied volatility[21,1],
and implied volatility[15,1], implies that market volatility does not affect the book-building pro-
cess. Another possible interpretation is that the strong persistence in implied volatility leads to
implied volatility[63,43] confounding the relationship between implied volatility[42,22] and price
revision. Since implied volatility[42,22] is significantly correlated with implied volatility[63,43] at
a level of 0.891 (Appendix G), the significance of implied volatility[42,22] may simply reflect
volatility conditions captured in implied volatility[63,43].

6.3 Realized and implied volatility

Both realized volatility and implied volatility have a significant effect on underpricing in our
regressions. However, the results do not support that realized volatility affects price revision,
which sheds light on the difference between how implied and realized volatility are taken into
account in the IPO pricing process. This is similar to what was found in Dicle and Levendis
(2018) regarding the difference in the effect of realized and implied market volatility on IPO
activity.

One plausible explanation for these dynamics is that, because implied volatility is inherently
forward-looking, it plays a more important role in the early-stage setting of the initial price
range. Since this rangemust remain relevant up until the offer date, typically around twomonths
later, underwriters may rely more heavily on expectations of future market conditions when
determining it. Realized volatility, by contrast, is backward-looking and may therefore be a
less informative input when setting a range intended to reflect conditions several weeks ahead.
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However, it is important to note that implied volatility may also be a proxy for omitted market-
wide factors, such as investor sentiment. For example, periods of low implied volatility may
coincide with higher investor optimism, which could influence price-setting independently of
implied volatility itself.

The finding that both volatility measures significantly predict underpricing and its disper-
sion can instead possibly be understood by considering the timing of the final offer price. As
the final offer price is set close to the first trading day, both realized and implied volatility may
serve as relevant indicators of risk in the current market environment.

6.4 Limitations and further studies

A primary limitation of the study is the narrow sample. With a limited number of observations,
the models may have reduced statistical power, making it more difficult to detect significant
relationships. The relatively small sample size also suggests that the results should not be used
to draw overly general conclusions about IPO pricing beyond this specific context. Moreover,
IPO data in the most frequently used databases, such as SDC Platinum, have been reported
to show slight inconsistencies, as documented by Ritter (2019). This also has the potential
to influence the results. Moreover, as outlined in the methodology section, the means of the
aggregated missing data differed significantly from those of the sample data for some variables.
This introduces a potential selection bias, which further motivates cautious interpretations of
the results.

Another limitation of the study is that it includes only successful IPOs and excludes with-
drawn offerings. This introduces an additional selection bias, implying that the findings are
generalizable only to successful IPOs. The direction of this bias is not straightforward. On
one hand, IPOs that proceed during periods of high market volatility may be those willing to re-
duce their offer prices more aggressively, thereby amplifying the observed effects. On the other
hand, it may be that successful IPOs in volatile markets are predominantly of higher quality and
lower risk that still attract investor demand, suggesting that the effect attributed to volatility is
underestimated. The variables used to control for firm characteristics and IPO activity address
differences within the sample of successful IPOs, but they do not solve the problem of selection
bias.

Additional studies could further address this selection bias by including unsuccessful IPOs
in the sample. One interesting angle would be to build amodel that explicitly examines the with-
drawal rate at different levels of market volatility. It could also examine whether certain types
of firms are overrepresented among those that withdraw during periods of heightened market
volatility. This would clarify the importance and interplay of the aforementioned selection bias.

As with most empirical studies, the results may also be subject to omitted-variable bias.
While controlling for some of the most evident firm-specific, deal-specific, and timing-specific
factors that may be involved in the relationship between market volatility, there are certainly
additional unobserved dimensions at play. Such variables could include investor sentiment,
market returns, and macroeconomic variables such as interest rates. The findings should there-
fore not be interpreted as being based on perfectly isolated relationships.
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7 Conclusion

Studying firms listed on NASDAQ and NYSE between 2000 and 2024, this paper finds that
realized and implied volatility during the 21 trading days pre-offer date appear to have a positive
effect on both the mean and the dispersion of underpricing. Furthermore, implied volatility
during the windows 63 to 43 and 42 to 22, trading days preceding the offer date, appears to
positively affect price revision. The study highlights that these effects seem to be independent
of important firm-specific, deal-specific, and IPO-cycle effects.

Referring back to the research question, the results indicate that market volatility amplifies
pricing difficulty in the IPO process, and that issuing firms and underwriters seemingly respond
by setting both initial price ranges and final offer prices more cautiously. The findings support
the overall argument that market volatility affects IPO pricing by inducing greater pricing con-
servatism.

Moreover, the contrasting effects of realized and implied volatility on underpricing and
price revision suggest that issuing firms consider historical and forward-looking uncertainty
differently across the different stages of the IPO pricing process.

Building primarily on Lowry et al. (2010), this paper contributes to the literature by provid-
ing a more granular examination of how different measures of market volatility interact with
IPO pricing dynamics. By distinguishing between realized and implied volatility and introduc-
ing additional controls, the analysis sharpens the understanding of the specific channels through
which market uncertainty influences IPO pricing outcomes. Moreover, by extending the focus
beyond underpricing to include price revision, the study explores how market volatility influ-
ences pricing across multiple phases of the IPO process.

By connecting market volatility to IPO pricing outcomes, the findings offer a perspective
on how market uncertainty may shape capital markets. In turn, these findings suggest possible
implications for issuers, underwriters, and investors in their strategic decisions related to IPO
timing, pricing, and risk assessment under varying market conditions.
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Appendix

Appendix A

Table 7: T-Test mean comparison – Sample compared to insufficient data
This table compares the mean of the variables in the sample used in the regressions (Sample mean) and the
means of the variables for the observations that were removed due to insufficient data (Mean insufficient
data). The t-statistic show if the difference between the respective means are significantly different from
0. Underpricing is the percentage change between the offer price and the first-day closing price. Price
revision is the percentage change between the offer price and the midpoint of the initial price range. Shares
offered refers to the number of shares offered in the IPO (in millions). Firm age is the number of years
between founding year and offer date. The high-tech dummy equals 1 if the firm belongs to a high-tech
industry (SDC Platinum), and 0 otherwise. The VC-backed dummy equals 1 if the firm is backed by a
venture capital firm (SDC Platinum) and 0 otherwise. The NASDAQ dummy equals 1 if the firm is listed on
NASDAQ and 0 if listed on NYSE. The reputable bookrunner dummy equals 1 if at least one bookrunner has
a Carter–Manaster score ≥8, during any year between 2000–2024, and otherwise 0. Realized volatility[21,1]
is the volatility of daily returns of the equally-weighted NASDAQ index over the same window, reported in
annualized percentage. Implied volatility[21,1] is the average VIX level during the 21 trading days preceding
the IPO. All non-dummy variables are winsorized at the 1st and 99th percentiles to remove substantial outliers

Variable Sample mean Mean insufficient
data

t-statistic

Underpricing (%) 22.240 31.778 -2.219
Price revision -2.114 -4.881 0.577
Shares offered (millions) 10.054 9.342 1.648
Firm Age 13.080 46.587 -3.736
High-tech dummy 0.631 0.526 5.358
VC-backed dummy 0.556 0.395 8.301
NASDAQ dummy 0.743 0.763 -1.207
Reputable bookrunner dummy 0.814 0.661 8.710
Realized volatility[21,1] 14.412 15.883 -10.397
Implied volatility[21,1] 17.585 18.189 -2.924
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Appendix C

Table 9: Kurtosis
This table shows the kurtosis for the non-dummy sample variables before (Raw data) and after the winsoriza-
tion at the 1st and 99th percentiles (Winsorized data). Underpricing is the percentage change between the
offer price and the first-day closing price. Price revision is the percentage change between the offer price
and the midpoint of the initial price range. Shares offered refers to the number of shares offered in the
IPO. Firm age + 1 is the number of years between founding year and offer date, plus one. IPO activity is
the number of IPOs in same month as IPO i. Firm assets and firm revenue represent total assets and total
accumulated revenues at the offer date (USD millions). Realized volatility[21,1] is the volatility of daily re-
turns of the equally-weighted NASDAQ index over the same window, reported in annualized percentage.
Implied volatility[21,1] is the average VIX level during the 21 trading days preceding the IPO.

Kurtosis

Variable Raw data Winsorized data

Underpricing (%) 1134.995 19.232
Price revision (%) 1.439 0.941
Shares offered 255.635 8.861
Firm Age + 1 (years) 18.331 11.041
IPO activity 4.603 3.578
Firm assets (USD Millions) 103.138 21.917
Firm revenue + 1 (USD Millions) 520.538 26.446
Realized volatility[21,1] (%) 15.454 2.264
Implied volatility[21,1] 3.557 0.384
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Appendix E

Model equations with additional control variables – Underpricing

i) Realized volatility

Underpricingi = β0+β1 log(Shares offeredi)+β2High-tech dummyi+β3VC-backed dummyi
+ β4abs(Price revision)i + β5NASDAQ dummyi + β6 log(Agei + 1)

+ β7Reputable bookrunner dummyi + β8IPO activityi
+ β9 log(Firm assetsi) + β10 log(Firm revenuei + 1) + β11Positive EPS dummyi +

β12 log(Realized volatility[21,1]i) + εi

ii) Implied volatility

Underpricingi = β0 + β1 log(Shares offeredi) + β2High-tech dummyi +
β3VC-backed dummyi + β4abs(Price revision)i + β5NASDAQ dummyi + β6 log(Agei + 1) +

β7Reputable bookrunner dummyi + β8IPO activityi + β9 log(Firm assetsi) +
β10 log(Firm revenuei + 1) + β11Positive EPS dummyi + β12 log(Implied volatility[21,1]i) + εi

iii) Realized volatility

log(std(εi)) = γ0 + γ1 log(Shares offeredi) + γ2High-tech dummyi +
γ3VC-backed dummyi + γ4abs(Price revision)i + γ5NASDAQ dummyi + γ6 log(Agei + 1) +

γ7Reputable bookrunner dummyi + γ8IPO activityi + γ9 log(Firm assetsi) +
γ10 log(Firm revenuei + 1) + γ11(Positive EPS dummyi) + γ12 log(Realized volatility[21,1]i)

iv) Implied volatility

log(std(εi)) = γ0 + γ1 log(Shares offeredi) + γ2High-tech dummyi +
γ3VC-backed dummyi + γ4abs(Price revision)i + γ5NASDAQ dummyi + γ6 log(Agei + 1) +

γ7Reputable bookrunner dummyi + γ8IPO activityi + γ9 log(Firm assetsi) +
γ10 log(Firm revenuei + 1) + γ11Positive EPS dummyi + γ12 log(Implied volatility[21,1]i)

Model equations with additional control variables – Price revision

v) Realized volatility

Price revisioni = β0 + β1 log(Shares offeredi) + β2High-tech dummyi + β3VC dummyi
+ β4NASDAQ dummyi + β5 log(Agei + 1) + β6Reputable bookrunner dummyi +

β7IPO activityi + β8 log(Firm assetsi) + β9 log(Firm revenuei + 1) +

β10Positive EPS dummyi + β11 log(Realized volatility[k,d]i) + εi
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vi) Implied volatility

Price revisioni = β0 + β1 log(Shares offeredi) + β2High-tech dummyi +
β3VC-backed dummyi + β4NASDAQ dummyi + β5 log(Agei + 1) +

β6Reputable bookrunner dummyi + β7IPO activityi + β8 log(Firm assetsi) +
β9 log(Firm revenuei + 1) + β10Positive EPS dummyi + β11 log(Implied volatility[k,d]i) + εi

Appendix F

Table 11: Variance inflation factor summary (for all OLS models)
This table shows the min and max VIF for each independent variable across the OLS regressions em-
ployed in this study. Underpricing is the percentage change between the offer price and the first-day clos-
ing price. Abs(Price revision) is the absolute percentage change between the offer price and the midpoint
of the initial price range. Log(Shares offered) is the log of the number of shares offered. Log(Age + 1)
is the log of firm age in years plus one. High-tech and VC-backed dummies equal 1 if the firm is high-
tech or VC-backed, respectively. The NASDAQ dummy equals 1 for NASDAQ-listed firms and 0 for
NYSE. The reputable bookrunner dummy equals 1 if at least one bookrunner has a Carter–Manaster score
≥8 at any time from 2000–2024. IPO activity is the number of IPOs in the same month as observation
i. Log(Firm assets) and Log(Firm revenue + 1) are log of the total assets and the total accumulated rev-
enues (in USD millions) plus one at the offer date. Positive EPS dummy equals 1 if EPS was positive
in the LTM before offering , and 0 otherwise. Log(Realized volatility[15,1]), Log(Realized volatility[21,1]),
Log(Realized volatility[42,22]), and Log(Realized volatility[63,43]) are the logarithms of the realized volatil-
ity of daily returns of the equally-weighted NASDAQ index measured over the periods from 15 to 1, 21
to 1, 42 to 22, and 63 to 43 trading days before the offer date, respectively. Log(Implied volatility[15,1]),
Log(Implied volatility[21,1]), Log(Implied volatility[42,22]), and Log(Implied volatility[63,43]) are the loga-
rithms of the average VIX measured over the periods from 15 to 1, 21 to 1, 42 to 22, and 63 to 43 trading
days before the offer date, respectively. All non-dummy variables are winsorized at the 1st and 99th per-
centiles.

Variable Min VIF Max VIF

Abs(Price revision) 1.04 1.04
Log(Shares offered) 1.73 1.74
Log(Age + 1) 1.05 1.05
High-tech dummy 1.60 1.61
VC-backed dummy 1.59 1.59
NASDAQ dummy 1.38 1.39
Reputable bookrunner dummy 1.36 1.37
IPO Activity 1.03 1.07
Log(Firm assets) 2.27 2.33
Log(Firm revenue + 1) 1.69 1.71
Positive EPS dummy 1.45 1.45
Log(Realized volatility[15,1]) 1.03 1.03
Log(Realized volatility[21,1]) 1.03 1.03
Log(Realized volatility[42,22]) 1.01 1.01
Log(Realized volatility[63,43]) 1.05 1.05
Log(Implied volatility[15,1]) 1.03 1.03
Log(Implied volatility[21,1]) 1.03 1.03
Log(Implied volatility[42,22]) 1.02 1.02
Log(Implied volatility[63,43]) 1.03 1.03
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Appendix G

Table 12: Correlation matrix – Realized volatility across the time windows
The table presents the correlations for the realized volatility over the different time windows it is measured
over. More specifically, the time windows are [15,1], [21,1], [42,22], and [63,43], referring to the periods
from 15 to 1, 21 to 1, 42 to 22, and 63 to 43 trading days before the offer date, respectively, with the realized
volatility measured using daily returns of the equally-weighted NASDAQ index. All variables are winsorized
at the 1st and 99th percentiles. The sample includes 1774 observations.

[15,1] [21,1] [42,22] [63,43]

[15,1] 1.000 0.948 0.546 0.428
[21,1] 0.948 1.000 0.618 0.475
[42,22] 0.546 0.618 1.000 0.647
[63,43] 0.428 0.475 0.647 1.000

Table 13: Correlation matrix – Implied volatility across the time windows
The table presents the correlations for the implied volatility over the different time windows it is measured
over. More specifically, the time windows are [15,1], [21,1], [42,22], and [63,43], referring to the periods
from 15 to 1, 21 to 1, 42 to 22, and 63 to 43 trading days before the offer date, respectively, with the implied
volatility measured as the average VIX during the respective time window. All variables are winsorized at
the 1st and 99th percentiles. The sample includes 1774 observations.

[15,1] [21,1] [42,22] [63,43]

[15,1] 1.000 0.993 0.869 0.801
[21,1] 0.993 1.000 0.897 0.816
[42,22] 0.869 0.897 1.000 0.891
[63,43] 0.801 0.816 0.891 1.000

Appendix H

AI disclaimer
AI has been used in this paper to improve language and grammar, and to assist with R coding
syntax and LaTeX formatting. The AI tools that have been used are Grammarly and OpenAI’s
ChatGPT.
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