2

PACS G010 · D300

1 Introduction
After B. Mandelbrot identiﬁed the fractal structure of price ﬂuctuations in asset markets in 1963 [1], statistical physicists have studied the economic mechanism that produces a fractal structure. Power law is an important characteristic in the fractal structure. Some research found that the size distribution of
asset price ﬂuctuations follows a power law function [2, 3]. The distribution of
ﬁrm size, based on the income statement items in real economies, also follows
a power law function [4–8]. The power law index of ﬁrm size is almost 1 over
the last 30 years in many capitalistic countries [9, 10].
In previous studies, stock price ﬂuctuations attracted more attention than
ﬁrm size distribution in stock markets, and several models for price dynamics were proposed [11, 12]. The PACK and LPPL models simulated the price
ﬂuctuations of a stock during bubble periods [13, 14]. However, the ﬁrm size
distribution in stock markets must also be investigated to identify stock market
bubbles. The ﬁrm size in stock markets is measured by market capitalization:
= stock price × number of outstanding shares. Speculative funds ﬂow into the
stock market during stock bubble periods. Investors estimate the ﬂuctuations
of ﬁrms based on annually/quarterly reports and such information as business
news/rumors and the quoted stock prices in the market. Investors often follow the market trends that reﬂect the majority of investors. By only reason
that stock price is rising, during bubble periods speculative money is often
concentrated on speciﬁc stocks with which price is rising. Then their stocks
become still more expensive, and acquire more speculative money again. Such
mechanism is called herding phenomena for speculative money. As a result, the
market capitalization gap among the listed ﬁrms in the stock market widens,
and the ﬁrm sizes in the stock market deviate from those in real economies.
In this paper, we use a dataset compiled by the Thomson Reuters Corporation that covers daily market capitalization and annual income statements
of all the listed ﬁrms in NASDAQ and SSE from 1990 to 2015. This period
includes the 2000 dot-com and 2007 Shanghai bubbles. We focus on the distribution of market capitalization in NASDAQ and the Shanghai stock exchange
(SSE) for these bubbles. Kaizoji et al. showed that the upper tail of stock price
distribution in the Tokyo stock exchange grew fat during the dot-com bubble period [15,16]. However, if we accurately investigate the ﬁrm size in stock
markets, not only the price but also the outstanding shares must be taken
into consideration because share consolidation and splitting often occurs in
the market.
The rest of the paper is organized as follows. Section 2 examines the power
law of market capitalization distribution using an expansion of the Castillo
and Puig test [10, 17–19]. In Section 3 we observe that the power law index
ﬂuctuates around one, depending on economic conditions, and tends to become smaller during bubble periods. In Section 4, we ﬁnd that net assets
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during the dot-com bubble period. This result means that the gap between
ﬁrm sizes in asset markets and in real economies widened during the bubble
period.
Both net assets and net income are greatly reﬂected in market capitalization for SSE ﬁrms. Market capitalization, divided by net income, becomes
extremely big when the net income is close to zero. Therefore, the upper tail
of the distribution of divided market capitalization sensitively responds to the
ﬂuctuation of net income. One future work will propose market capitalization
that is adjusted by net assets and net income to investigate the 2007 Shanghai
bubble.
Although market capitalization is made public every day, income statements are usually announced only quarterly and annually. This diﬀerence in
time scale complicates estimating daily gaps between ﬁrm sizes in stock markets and real economies. Another future work will nowcast the key items of
income statements every day.
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Next, we focus on SSE. Unlike NASDAQ (Fig. 4(b)), its market capitalizations reﬂect two income statement items: net assets and net income. Because
net income is rarely around zero, the market capitalization divided by the net
income becomes extremely big at that time. The upper tail of the distribution
of divided market capitalization sensitively responds to the ﬂuctuation of net
income. Future work will propose market capitalization adjusted by both net
assets and net income.

Fig. 5 Cumulative distributions of PBR in NASDAQ in (N) 1997, () 1999, and
() 2004.

5 Conclusion
We showed the distributions of market capitalization in NASDAQ and SSE.
The upper tails of the distributions follow a power law. The power law index,
which ﬂuctuates around one depending on the economic conditions, became
small during the 2000 dot-com and 2007 Shanghai bubble periods, suggesting
that speculative money was excessively concentrated on speciﬁc stocks during
such periods.
In economics, a stock bubble is deﬁned by the gap between ﬁrm sizes in the
stock market and in real economies. We used market capitalization and income
statements to estimate the ﬁrm sizes in stock markets and real economies. By
using the regression coeﬃcient of random forests for market capitalization and
income statement items, we found that net assets are most reﬂected in the
market capitalization for NASDAQ ﬁrms. For such ﬁrms, PBR is deﬁned as
market capitalization divided by net assets. The PBR distribution also got fat
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Fig. 1 Cumulative distribution of market capitalization for listed ﬁrms in NASDAQ on December 31, 1997. Dashed straight line and curve respectively express a
power law distribution as P> (x) ∝ x−1 and log-normal distribution with standard deviation of market capitalizations. Arrow indicates x0 = 2.7 × 108 dollars in Eq. (1).

the means were respectively about 1.44 × 109 and 3.04 × 109 dollars on March
14, 2011 on the non-bubble periods. The means increased during the bubble
periods.
In these bubble cases, only a few ﬁrms increased the market capitalization
drastically and raised the whole mean of market capitalization for all the listed
ﬁrms. The black lines in Fig. 2 respectively show the market capitalization
distributions for ﬁrms listed on the NASDAQ during the 2000 dot-com bubble
and on the SSE during the 2007 Shanghai bubble. The gray lines express the
distributions on March 14, 2011 during non-bubble periods. The cumulative
probability on the vertical axis at which the black line intersects with the
gray line is P> (x = 2 × 109 ) ≈ 0.1 in the dot-com bubble case. The top
10% market capitalization in 2000 was higher than that in 2011, although the
bottom 90% market capitalization in 2000 was lower than that in 2011. Such
a characteristic was also observed in the Shanghai bubble case (Fig. 2(b)).
The cumulative probability of its crossing point is P> (x = 1.2 × 1010 ) ≈ 0.04.
These results suggest that speculative money ﬂowed into a handful of stocks
from a majority of stocks in each stock market during the bubble periods.
The concentration of speculative money changes the distribution slope.
Fig. 3 shows the NASDAQ composite index, the SSE composite index, and
the time series of the power law index in NASDAQ and SSE. The power law
index, which ﬂuctuated around one depending on the economic conditions,
fell signiﬁcantly when the increase of each composite index started during the
dot-com and 2007 Shanghai bubble periods and remained small until each
composite index steadied after the bubble burst.

