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一、 中文摘要

一個金融市場如果容許投資者能夠迅速買進或賣出大量的證券, 同時對市場價

格產 生最小的影響, 這個市場普遍會被認為是一個流動性佳的市場。 雖然相對

容易界定, 但在既存文獻中所提出諸多的流動性測量指標中, 幾乎每一個指標

均只側重於流動性 的某一個特定層面的屬性。 這是令人困惑的, 因為任何良好

的管制或投資決策均將有 賴於適當流動性指標之建立。 在本研究計畫, 我們提

議建立一個綜合性的流動性指標, 同時涵蓋所有三個流動性的屬性, 亦即: 成交

數量、 時效性, 以及對於價格的影響。 具體而言, 我們將採用 Gourieroux 等學

者於1999 年所提出的無母數核密度方法來估計 由成交值加權的交易存續期間

之條件機率密度函數。 根據這個估計出來的條件機率密 度函數, 我們至少可以

計算出以下兩個有用的測度變數: 流動性成本以及交易存續期 間之波動程度,

使我們能夠進一步了解金融市場的流動性。 在本研究案中, 我們利用這個新的

流動性測度來研究交易機制的改變對於台灣期貨交易市場流動性的影響。 我們

的實證結果顯示: 雖然交易機制的改變並未對整體台灣期貨交易市場的平均流

動性產生顯著的影響; 但對於成交值比較大的交易, 其流動性風險確有顯著的

提高, 尤其是在市場剛開盤, 或接近收盤的期間。

關鍵詞 : 流動性、 存續期間、 無母數核密度估計
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Abstract

A market is commonly considered liquid if traders can quickly buy or
sell large amount of securities with little impact on the market price.
While numerous uni-dimensional liquidity measures have been proposed
in the literature, a comprehensive one is yet to emerge. In this paper, we
adopt the nonparametric kernel density estimation approach proposed by
Gourieroux et al. (1999) in estimating the density function of the value-
weighted duration between trades. With the estimated density function,
a composite liquidity measure that incorporates all three attributes of
liquidity (volume, immediacy, and price impact) can be constructed, and
allows us to understand financial market liquidity better. We demonstrate
the potential and the use of such a newly constructed composite liquid-
ity measure by examining how the change in trading mechanism on the
Taiwan Futures Exchange (TAIFEX) impact on market liquidity. Our em-
pirical results show that while on average the general liquidity condition
hasn’t changed much under the new trading mechanism, the liquidity risk
has significantly increased for trades with larger values, especially when
the market is just opened or close to be closed.

Keywords: liquidity; duration; nonparametric kernel density estimation
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二、 緣由與目的

1 Introduction

Market liquidity has a profound impact on the decisions of many impor-
tant market participants. For example, it affects the regulators in setting
appropriate legislation; the Exchanges in adopting trading-enhancing tech-
nologies; the investors in assessing the value and risk of securities; and the
firms in deciding how readily they can access capital markets, etc.

A market is commonly considered liquid if traders can quickly buy
or sell large amount of securities with little impact on the market price.
(Black, 1971; Yamay, 1985; Glosten and Harris, 1988). While relatively
easy to define, a comprehensive liquidity measure is yet to emerge. In-
stead, a wide variety of measurement proxies for liquidity have been pro-
posed in the literature, with each measure focuses only on a particular
attribute dimension of liquidity. Aitken and Winn (1997) have reported
some 68 different measures, and found that only those measures that were
similar by design were found to be correlated. Worse, different market
liquidity measures employed in the empirical studies often have different
implications for the market quality (see Amihud and Mendelson 1987,
1991; Amihud et al. 1990; Lauterbach 2001; Muscarella and Piwowar
2001; Kalay et al. 2002; Henke and Lauterbach 2005; and Webb et al.,
2007, to name a few.) This is troublesome, as any good regulatory and
investment decisions made, regarding liquidity, will be dependent upon
an appropriate liquidity measure being used. All these fact and evidence
point to the need for some composite measure of liquidity that captures a
variety of attributes including volume, immediacy, and price impact.

Aitken and Winn (1997) attempt a new measure of liquidity, which
captures the bid-ask spread, the order depth and the probability of or-
der execution (approximated by empirical quantiles of order execution at
different price ranges.) Along the same spirit, we propose in this project
to engineer a new composite liquidity measure. Compared to Aitken and
Winn (1997), our innovation lies upon utilizing advanced econometric tools
to take full advantage of intra-day high frequency data. Specifically, we
adopt the nonparametric kernel density estimation approach proposed by
Gourieroux et al. (1999) in estimating the density function of the value-
weighted duration between trades. With the estimated density function,
a composite liquidity measure that incorporates all three attributes of liq-
uidity (volume, immediacy, and price impact) can be constructed. The
aim is to further our understanding of financial market liquidity, as no
such unanimous measure is yet available.

We demonstrate the potential and the use of such a newly constructed
composite liquidity measure by examining how the change in trading
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mechanism on the Taiwan Futures Exchange (TAIFEX) impact on market
liquidity. Our empirical results show that while on average the general liq-
uidity condition hasn’t changed much under the new trading mechanism,
the liquidity risk has significantly increased for trades with larger values,
especially when the market is just opened or close to be closed.

The rest of the paper is organized as follows. To begin with, we lay out
the intra-day setting in the next section. The econometric methodology
in constructing the composite liquidity measure is presented in section 3.
In section 4, we demonstrate the potential, and the use of the newly con-
structed composite liquidity measure in empirical research. Specifically,
we look at how the change in trading mechanism on the Taiwan Futures
Exchange (TAIFEX) in July 2002 impact on market liquidity. Section 5
concludes the paper.
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三、 結果與討論

2 Intra-day Trading Framework

Our analytical framework will be based on an intra-day setting. This is im-
portant, as performance of any trading mechanism are ultimately related
to the various constructs of the market microstructure, with market partic-
ipants’ trading behavior being one of the most important elements. This
type of research was not possible before, as it requires intraday dataset
with sufficient details on each transaction. Within the intra-day frame-
work, we are able to provide a comprehensive account of market activity.
In particular, we will focus on trade arrival rates and durations in-between
transactions, as they are both important characteristics of an exchange
and contain important information about the overall liquidity of the mar-
ket.

Consider the following trading framework. The intra-day-clock time
on day m, m = 1, 2, . . . ,M , is denoted by t, and is reset to zero after each
market closure. On every trading day, we observe a sequence of Nm trades
on day m. The individual trades are indexed by n, n = 1, 2, . . . , Nm, and
the associated trading times are denoted by dn(m). The duration between
the successive ticks n− 1 and n is defined as

τn(m) ≡ dn(m)− dn−1(m). (1)

Let pn(m) denote the transaction price, and vn(m) denote the volume
traded at time dn(m). By summing up values of individual trades for a
total count of Nt(m) transactions, we obtain the cumulated traded value:

Wt(m) ≡
Nt(m)∑

n=1

pn(m) · vn(m). (2)

The extended durations defined below represent the time required by the
market to trade a fixed value w in capital. They depend on the time t at
which the order is placed and hence vary throughout the day. Define the
value duration as:

τW (t, w) ≡ inf {τ : Wt+τ (m) ≥ Wt(m) + w} , (3)

which defines the minimum amount of time required to increase the trad-
ing value by w amount. The value duration defined above is an extension
of the regular duration in equation (1) in the sense that it captures de-
pendencies between intra-trade durations, transaction volume, and prices,
which are exactly what we need in constructing a comprehensive liquidity
measure.
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3 Methodology

In this paper, the nonparametric kernel density estimation approach pro-
posed by Gourieroux et al. (1999) is adopted in estimating trade arrivals
and weighted durations. We briefly describe their approach in the follow-
ing.

A consistent kernel-based estimator of the trade arrival rate λ(·) is

λ̂t =
1

M

M∑

m=1

Nm∑

n=1

1

h
K

[
dn−1(m)− t

h

]
, (4)

where K [·] is a kernel function, with h being the bandwidth, a typical
example of which is the Gaussian kernel:1

K(u) =
1√
2π

exp(−u2

2
). (5)

Similarly, the empirical densities of the value-weighted duration can be
estimated consistently for any traded value w as

f̂(τ |t) = 1

M

M∑

m=1

1

h2

∑Nm

n=1K2

[
τW (dn−1(m),w)−τ

h2

]
K1

[
dn−1(m)−t

h1

]

∑Nm

n=1K1

[
dn−1(m)−t

h1

] , (6)

where h1 and h2 are the bandwidths of the two Gaussian kernel functions
K1 and K2, respectively.

Intuitively, traders have preferences for short expected trading times
and small duration variabilities. Therefore, with the estimated density
function, we can further compute the following two useful measures: mea-
sures of liquidity costs and measures of volatility of the times to trade.
The liquidity cost per unit of value can be approximated by the average
weighted duration corresponding to that value,

mW (t, w) =
E [τW (t, w)]

w
. (7)

As such, they represent average times of execution of orders of a given
size. Similarly, the dispersion of weighted durations provides a measure
of volatility of waiting times for trades of a fixed value, which allows us
to identify risks related to various order sizes. Specifically, it is defined as
the ratios of their variances and squared values:

v2W (t, w) =
V [τW (t, w)]

w2
. (8)

1The bandwidth in the Gaussian kernel can be selected by the following formula
ĥ = 1.06min (σ̂, R/1.34)n−1/5, where R is the interquartile range, and σ̂ denotes the
standard deviation of the sample (Silverman, 1986, pp. 45-47).
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This represents the risk regarding the order execution time, comparable
to the risk on an asset’s return. Since both the average weighted duration
mW (t, w) and the volatility of weighted duration v2W (t, w) both incorporate
three important attributes of market liquidity, we can use them to gain a
better understanding of the market liquidity condition. We demonstrate
this point in the next section.

4 Liquidity on the Taiwan Futures Exchange

We demonstrate the potential and the use of liquidity measures proposed
in this paper by examining how the change in trading mechanism on the
Taiwan Futures Exchange (TAIFEX) impact on market liquidity.

4.1 Data

The TAIFEX was established in 1996. It offer a centralized market for
trading futures and options contracts in Taiwan. Currently, its products
include 12 futures contracts and 7 options contracts, with the the Taiwan
Stock Exchange Capitalization Weighted Stock Index (TX) futures con-
tract enjoying the biggest share of daily trade. Before July 29th, 2002,
the TAIFEX was operated as an electronic call auction market. In addi-
tion to the opening and closing call auctions, the periodic call auctions
were operated throughout the rest of the trading day, in which orders were
matched every 10 seconds at a market price that maximizes the trading
volume. In order to improve the efficiency of execution and the price re-
sponse to market information, the TAIFEX decided to transfer from the
original electronic call auction system to an electronic continuous auction
system for all of its futures contracts on July 29th, 2002. The focus of this
section is to examine how the change in trading mechanism has affected
the market liquidity of the TAIFEX.

Since the TX contract is the major product on the TAIFEX, we limit
our study to the TX contract only. Our study covers two separate 1-
months periods before and after the change in trading mechanism: namely,
May 2002, and October 2002.2 The data are collected from the Taiwan
Economic Journal (TEJ) Intraday Data Bank. To reduce the potential
biases caused by the overnight effect, the opening auction, and the closing
auction, we exclude the very first transaction and any transaction that

2The new trading mechanism started on July 29th, 2002. To make market partici-
pants understand the new trading mechanism, the TAIFEX began to hold introduction
activities at the end of May 2002. To avoid empirical results being contaminated by
the unusual effect caused around the enforcement, we omit data from June 2002 to
September 2002.
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occurred after 1:40pm.3 Therefore, our empirical study is based on the
transaction prices, the transaction volume, for the nearest month contracts
traded on the TAIFEX from 8:45 a.m. to 1:40 p.m.

4.2 Empirical Results

Figure 1: Estimated Density of Trade Arrival Rates λt

Estimate Trading Rate (lambda) of TX, 2002/05/02 - 2002/05/31 (22 Days)
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Based on the trading time dn(m), we apply the kernel density function
defined in equation (4) to the two sets of data, and present the results
in Figure 1. Since, under the call auction trading mechanism, orders are
matched every 10 seconds, the estimated density function of λt is quite
flat and is close to that of a uniform distribution, as demonstrated in
the top panel of Figure 1. In contrast, under the continuous trading
mechanism, orders are matched at every instant. As can be seen from

3Orders that occur after 1:40pm are matched in a batch through a closing call
auction on the TAIFEX during the study period.
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bottom panel of Figure 1, a great proportion of trades clustered around
9am, gently declined thereafter, and peaked up again right before the close
of the trading date. The difference between these two estimated density
functions is basically an artifact created different trading mechanisms, and
can not be used directly to deduce the liquidity difference.

Next, we construct the trading-value based duration, τW (t, w), as de-
fined in equation (3), where the minimum value-traded w is computed as
the average trading value (about NTD1,100,000 of the TX contract) per
five-minute trading blocks. Based on these conditional duration τW (t, w),
we apply the kernel density function defined in equation (6) to the two
sets of data, and present the results in Figure 2 for the data in May 2002;
and in Figure 3 for the data in October 2002, where the axis-Secs refers
to seconds from midnight (e.g. 31500 seconds from midnight corresponds
to 8:45am), while axis-Tau refers to duration required to fulfill at least
the minimum trading-value w. Figure 4 displays the empirical density
functions of τW (t, w) for the two different trading regimes estimated at
various times throughout the day. They show the time varying empirical
densities of weighted durations.

In Figure 5, we take it one step further by presenting the evolution
of the estimate average durations and duration volatility for t=9:00am,
12:00pm, and 13:30pm. It is interesting to note that, disregarding differ-
ent trading mechanisms and trading times, the average durations are all
monotonically decreasing, while the duration volatility are all monotoni-
cally increasing in the size of trading value. This means, in general, trades
with larger values on average take less time to be executed. Nevertheless,
durations of these larger trades also have wider variability. Furthermore,
Figure 5 also shows that average durations are lowest for t=9:00am (closes
to the opening of the market), and highest for t=12:00pm (closer to lunch
time). This is consistent with the pattern of trade arrival rates displayed
in Figure 1.

To better compare the difference between the two trading mechanisms,
Figure 6 compares average duration and duration volatility between May.
and Oct. 2002, for t=9:00am, 12:00pm, and 13:30pm. From the diagram,
it can be seen that the change in trading mechanism seems to have lit-
tle influence on the trading costs represented by the average durations.
Nevertheless, the change in trading mechanism has apparently affected
the trading costs represented by the duration volatility. In particular, for
trading at t=9:00am and t=1:30pm, the value-weighted durations have be-
come much more volatile after the TAIFEX moved on to the new trading
mechanism (Oct. 2002), especially for trades with larger trading values.
In other words, risks related to trades with larger values have become
much larger when the market is just opened or is close to be closed in the
new continuous trading mechanism.
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5 Conclusion

This paper examines the market liquidity of the TAIFEX by adopting the
nonparametric kernel density estimation approach proposed by Gourier-
oux et al. (1999). Our empirical results show that while on average the
general liquidity condition hasn’t changed much under the new trading
mechanism, the liquidity risk has significantly increased for trades with
larger values, especially when the market is just opened or close to be
closed.

As weighted-durations-based liquidity measures incorporate dependen-
cies between intra-trade durations, transaction volumes and prices, they
capture all three dimensions of the generic definition of liquidity. There-
fore, not only can we employ such measures to compare liquidity of differ-
ent trading mechanisms, we can also employ it to rank different financial
instruments, and to compare market liquidity of different exchanges. We
leave these to future research agenda.
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Figure 2: Estimated Conditional Density of τw(t), May 2002
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Figure 3: Estimated Conditional Density of τw(t), October 2002
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Figure 5: Evolution of the estimate average durations and duration volatil-
ity for t=9:00am, 12:00pm, and 13:30pm
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Figure 6: Trading costs comparison between May. and Oct. 2002, for
t=9:00am, 12:00pm, and 13:30pm
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(Capital Market II)，該場次共有四位學者發表文章。我發表的論文題目是 Understanding 

Liquidity of Financial Markets。與會學者 Prof. Masayuki Susai 為日本長崎大學的副校長，

本身也是研究金融市場流動性的專家。Prof. Susai 對本篇文章提供了非常多寶貴的建

議，讓本篇論文在將來投稿前，有一個良好的修正依據。除此之外，在這一場發表會中，

也有 ICAP (全球最大的國際金融市場線上電子交易仲介商，也是主要外匯交易仲介商與

EBS 資料庫販售商)的代表人員前來聽我的演講。透過會中與會後的交流，也讓我對於

國際金融市場的流動性與實務運作有更深一層的認識。對於本文未來的後續研究，應有

很大的助益。 

除了我自己報告的場次外，我也參加了幾場其他學者的專題演講。值得一提的是

Prof. Susai 所發表的 Keynote Speech, 講題是 “Empirical Exploration on the Foreign 

Exchange Market Microstructure with Duration and Volume”。雖然使用不同的研究方法，

該場演講的主題與我在本次會議發表的文章有相當的近似性，對於金融市場流動性主要

問題的釐清有相當的幫助。  

 

二、與會心得 

這次出國參加國際學術研討會，除了從其他國家學者身上得到寶貴的建議之外，對

於自己研究議題重要性之肯定也有所助益外。另外，與其他與會學者之間的研究經驗交

流，也讓我獲益匪淺。 

 

三、考察參觀活動(無是項活動者省略) 

無。 

 

四、建議 

無。 

 

五、攜回資料名稱及內容 

無。 

 

六、其他 

無。 
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本計畫實
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備 註 （ 質 化 說

明：如數個計畫
共同成果、成果
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期刊論文 0 0 100%  
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論文著作 
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 成果項目 量化 名稱或內容性質簡述 
測驗工具(含質性與量性) 0  
課程/模組 0  
電腦及網路系統或工具 0  
教材 0  
舉辦之活動/競賽 0  
研討會/工作坊 0  
電子報、網站 0  
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請就研究內容與原計畫相符程度、達成預期目標情況、研究成果之學術或應用價

值（簡要敘述成果所代表之意義、價值、影響或進一步發展之可能性）、是否適

合在學術期刊發表或申請專利、主要發現或其他有關價值等，作一綜合評估。

1. 請就研究內容與原計畫相符程度、達成預期目標情況作一綜合評估 
■達成目標 
□未達成目標（請說明，以 100 字為限） 

□實驗失敗 

□因故實驗中斷 
□其他原因 

說明： 

2. 研究成果在學術期刊發表或申請專利等情形： 
論文：□已發表 ■未發表之文稿 □撰寫中 □無 

專利：□已獲得 □申請中 ■無 

技轉：□已技轉 □洽談中 ■無 

其他：（以 100 字為限） 
3. 請依學術成就、技術創新、社會影響等方面，評估研究成果之學術或應用價

值（簡要敘述成果所代表之意義、價值、影響或進一步發展之可能性）（以

500 字為限） 
本計畫採用 Gourieroux 等學者於 1999 年所提出的無母數核密度方法，建構一個同時涵

蓋成交數量、時效性，以及對於價格的影響之綜合性流動性指標，並利用這個新的流動性

測度來研究交易機制的改變對於台灣期貨交易市場流動性的影響。我們的實證結果顯示：

雖然交易機制的改變並未對整體台灣期貨交易市場的平均流動性產生顯著的影響；但對於

成交值比較大的交易，其流動性風險確有顯著的提高，尤其是在市場剛開盤，或接近收盤

的期間。因此，本計畫的學術價值在於提供一個涵蓋面更完整的金融市場流動性的綜合性

指標。 

 


