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摘要 

漲跌幅限制旨在避免股價過度波動、抑制投資人過度反應並冷卻、緩和當

前市場過熱之情緒。然而，在漲跌幅限制下，投資人為避免流動性風險或等待

更佳的交易時點，忽視投資標的基本面價值而單向加速下單，促使股價加速往

漲跌停板移動，此基於投資人不理性行為所致之現象稱為「磁吸效應」。 

由於散戶交易比重高、漲跌幅限制嚴謹且股價波動度大，台灣股市相當適

合研究磁吸效應，且過去文獻亦多指出磁吸效應存在於台灣股市。自 2015 年 6

月 1 日起，台灣股市之單日股價漲跌幅限制正式放寬至 10%，本文便以此時間

點為分界，對不同股價漲跌幅限制下磁吸效應的變化進行實證，並針對 4 種主

要股票類別特徵 (電子類股、負債比率、法人持股比率、本益比) 分群比較磁

吸效應之強弱。 

實證結果顯示，在漲跌幅限制放寬下，磁吸效應並未因股價波動彈性提高

而減弱，相反有增強的現象；非電子類 (尤指食品業及資訊服務業) 、低負債

比率、低法人持股比率的公司股票有較強的磁吸效應；然而本益比經分群分析

後有不一致的結果：上漲端在漲跌幅限制 7%下，本益比與磁吸效應呈同向關

係，而在漲跌幅限制 10%下，關係則反轉；下跌端不論在漲跌幅限制 7%或 10%

下，本益比的高低與磁吸效應均無規律關係。換言之，本益比非磁吸效應有效

的衡量指標，難以據其推測磁吸效應之強弱。 

 

 

中文關鍵詞：磁吸效應、漲跌幅限制、台灣股市、自我迴歸模型、電子股、負

債比率、法人持股比率、本益比。 
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Abstract 

Under the daily price limit, investors tend to ignore the foundational value of 

companies by making more orders to avoid the liquidity risk, or by waiting for a 

good time to trade on the other side, which in turn makes the stock price get closer 

to the limit; this is the “magnet effect” resulted from investor’s irrational behaviors. 

Stock market in Taiwan has the characteristic of high trading value percentage 

of individual investors, stringent daily price limit and high volatility in stock return, 

which makes it perfect for studies into the magnet effect. The past literature also 

indicated that the magnet effect was observed on Taiwan stock market. Daily price 

limit officially loosened to 10% on June 1, 2015 in Taiwan, which is the timeline 

this study based for empirical research on the change of the magnet effect under the 

different price limits. Moreover, this study is conducted with four stock 

characteristics, industry (especially focus on electronic industry), debt ratio, 

institutional share-holding ratio and price to earnings ratio.  

The empirical results show that the magnet effect does not get weaker but 

stronger with the higher stock price fluctuation elasticity. On the other hands, 

non-electronic (especially the food and information service industries), low debt 

ratio, and low institutional share-holding ratio companies have stronger magnet 

effect. However, there are inconsistent results in price to earnings ratio. That is to 

say, price to earnings ratio is not an effective indicator of the magnet effect. 

Keywords: Magnet effect; Daily price limit; Taiwan stock market; 

Autoregression model; Electronic stocks; Debt ratio; Institutional 

share-holding ratio; Price to earnings ratio. 
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1. Introduction 

1.1  Motivation 

The studies on the magnet effect on Taiwan stock market were all based on the 

condition of the 7% price limit, and the changes of the Taiwan stock market from the 

trading rule as well as market structure in recent years will influence the empirical 

results of the magnet effect. This study aims at exploring how the extension of price 

fluctuation limit up to 10% affects the magnet effect on Taiwan stock market. In 

addition, the market value proportion of electronic companies in current Taiwan 

stock market is still high and there is lacking in empirical study to discuss the 

relation among industry, capital structure, stocks demand and supply, as well as the 

magnet effect. Therefore, we select some financial ratios and characteristics to 

examine, ex: industry (especially electronic industry), debt ratio, institutional 

share-holding ratio and price to earnings ratio. After the examination, we may expect 

to capture which kinds of stocks have stronger magnet effect, also whether the price 

limit relaxation policy is helpful for reducing the investor’s irrational decisions in 

terms of the magnet effect. 
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1.2  Background 

Since Taiwan Stock Exchange (TWSE) had been established on February 9, 

1962 in Taiwan security market. During when, individual investors account for 

highly 90 percent of the transactions. To protect investors from great loss by 

fluctuation in price, TWSE established the Operating Rules that stipulated the daily 

limit of price fluctuation should stay within 5% of previous closing price. In 1989, 

TWSE loosened the limit from 5% to 7% and maintained the ratio for many years. 

The price limit serves as a crucial tool to stabilize the stock price, and TWSE also 

makes flexible adjustments to narrow down the price limit from significant changes 

in domestic and foreign economic situation. However, looking at major stock 

markets in Europe and America, most of them don’t have narrow price limit; even 

the stock markets in Malaysia, Thailand, South Korea and other Asian countries 

have daily price limit up to 30%. Tables 1.1 presents the stock price limit in some 

countries. The stringent price limit policy on Taiwan security market has thus been 

brought to discuss whether it should be extended or not over the past years. Finally, 

considering that the structure of Taiwan security market had been different from the 

past also the trading value percentage of individual investors had changed, to not 

interfere with the market and be in line with international system, on January 23, 

2015, Financial Supervisory Commission (FSC) proposed to implement “relaxation 

of the daily limit of stock price fluctuation to 10%” policy, and put the policy into 

practice on June 1 the same year. Tables 1.2 illustrates securities trading value 

percentage by type of investor from 1997 to 2015. 
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Tables 1.1: The daily stock price limit on some stock markets 

Region Country Daily stock price limit 
Asia Thailand ±30% 

Malaysia ±30% 
Korea ±15% 
Japan ±10~60% 

(Depends on stock price) 
China ±10% 
India ≤ 10% 

Philippines +50%  − 40% 
Turkey ±10% 
Taiwan ±10% 

Europe Finland ±15% 
France ±15% 

Portugal ±15% 
Austria ±15% 
Belgium ±5%~10% 

Luxembourg ±5% 

Most of countries’ daily limit of price fluctuation are wider than 10%. The price limit on Taiwan 

stock market is still stringent after relaxation. 
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Tables 1.2: The securities trading value percentage by type of investor on TWSE 

Unit: % 

Year 
Individual investors 

(include domestic and foreign) 
Institutional investors 

(include domestic and foreign) 

1997 90.74 9.26 
1998 89.75 10.25 
1999 88.24 11.76 
2000 86.11 13.89 
2001 84.42 15.58 
2002 83.27 16.73 
2003 79.08 20.92 
2004 77.57 22.43 
2005 71.25 28.75 
2006 72.81 27.19 
2007 69.37 30.63 
2008 63.92 36.08 
2009 72.09 27.91 
2010 67.99 32.01 
2011 62.78 37.22 
2012 62.09 37.91 
2013 59.19 40.81 
2014 58.82 41.18 
2015 53.29 46.71 

From 1997 to now, the proportion of trading value by individual investors has gradually declined and 

been higher than institutional investors’ one. 

The impact of the price limit on the market and investors has been a widely 

discussed issue. Supporters believe that the price limit calming investors gives them 

chances to obtain market information and reevaluate the asset to form trading 

strategies. Investors do not just irrationally follow the market price fluctuation. 

Moreover, within the limit up and down intervals, announcing the trading imbalance 
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information can attract value investors to trade so that the stock price may return to a 

balanced price. 

Opponents argue that although price limit can reduce information asymmetry 

and avoid free fluctuation of stock price, the price will continue to rise or fall in the 

same distorted direction, thus causing delayed price discovery and affecting the 

efficiency of the market. On the other side, the price limit may hinge hedgers in the 

market from achieving the purpose of hedging. 

On the other hand, the limit not only increases the cost of hedgers but also 

affects the market liquidity, also known as “trading interference”, as hedgers must 

wait until the next trading day before re-trading. Moreover, the price limit does not 

reflect all information until the next period, which will increase the stock price 

volatility of the next period, causing “volatility spillover.” In addition to the above 

reasons, Fama (1989) argued that the price limit would also result in irrational 

trading behaviors because the stock price approaching the limit would increase the 

order aggressiveness of investors and may change their trading strategies. When the 

market was abundant with lots of irrational trading behaviors, the price limit would 

attract stock price to speed up toward the limit, thus resulting in the occurrences of 

hitting the price limit that were not supposed to occur. This was known as the 

“magnet effect.” 

Among the problems mentioned above, the past empirical studies have focused 

on the delayed price discovery, transaction interference as well as volatility spillover 

hypotheses. To explore the three issues, it only requires simple daily data, such as: 

daily opening price, closing price, etc., which is easier to obtain. However, to prove 
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the “magnet effect,” in addition to obtaining the intraday data, researchers also have 

to sort out the more complicated data. 

The stringent price limit and high volatility of return on Taiwan stock market 

make it a good target to investigate the magnet effect. The past empirical literature 

has also mostly supported that the implementation of the 7% price limit together 

with individual investors’ irrational behaviors were the main cause of the magnet 

effect on Taiwan stock market. However, the relaxation of the price limit, the 

decrease in the trading value percentage of individual investors, and the change of 

the trading system may all weaken the probability of the occurrences of hitting the 

price limit, and may in turn affect the results of the empirical studies on the magnet 

effect. 

This study is organized as follows. Section 2 collects some literature related the 

daily limit of price fluctuation and the magnet effect. In section 3, we will illustrate 

the data used in this paper and the model adopted to analyze the effect under the 

price limit from 7% to 10%. In section 4, we will further explore the relation 

between some stock characteristics and the magnet effect in order to understand 

which type of stock may have stronger or weaker magnet effect. And section 5 is the 

conclusion of this study. 
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2. Literature Review 

This study is aimed at discussing that the magnet effect exists or not under the 

10% price limit, and comparing the level of strength before and after the price limit 

relaxation on Taiwan stock market. Therefore, the main concept first introduced in 

this research is based on the magnet effect and its related empirical conclusion to 

realize the factors and the empirical discovery of magnet effect. Then we also review 

related literature of stock price limit. Finally, we retrace other related studies on the 

influence of price limit on the stock market to comprehend the development of 

related researches. 

2.1  The Magnet Effect and Empirical Studies 

Fama (1989) was the first person to propose the concept that the magnet effect 

was related to the daily price limit. He claimed that the price limit existed on the 

stock market may attract investors to follow market tendency or consider the 

problem of declining liquidity when the stock price got closer to the limit, pushing 

the not-yet-ordered investors to make an order or already-ordered investors to be 

more aggressive. At this moment, the investors may make irrational decisions that 

led the price to move toward the limit which could not be reached originally. This 

was known as the “magnet effect.” 

After the magnet effect was proposed, Subrahmanyam (1994) firstly developed 

a theoretical model to examine the magnet effect. He found that when the price 

approached the limit closer, the volatility of stock price would increase more; in the 

meantime, the probability of stock price reaching the limit also increased. He 
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contended that when the price approached the limit and traders had stronger trading 

willing, the magnet effect would be triggered. Lehmann (1989) contended that the 

order imbalances and decreasing volatility would cause stock price to move toward 

the price limit. According to the empirical evidences of U.S. treasury bill futures, 

Arak and Cook (1997) found that there existed the investors who followed the price 

tendency in the market, and pushed the price to the limit. 

Prior literature emphasized on futures market to discuss if the magnet effect 

existed or not. However, with emerging markets starting to prosper and stock price 

limit adopted by many emerging countries, the magnet effect on stock market has 

started to get more attention. Du, Liu and Rhee (2006) found the magnet effect did 

exist on Korean stock market and also showed that the magnet effect got stronger 

under the narrower daily limit of price fluctuation. Ti Liu (2006) showed that the 

daily price limit may attract price to approach it. 

Taiwan stock market is characterized with both the strict daily price limit and 

high volatility of return, making it one of the perfect targets for research. The 

literature based on Taiwan stock market mostly conducts with many different 

measure variables as well as methods, and some of them even involves 

methodological issues. By the way, most of which supports that Taiwan stock 

market exists significant magnet effect under the 7% price limit. Chen (1997) 

indicated the volume, compared with the normal day’s one, increased significantly 

before reaching the price limit, in line with the magnet effect. Cho, Russell, Tiao, 

and Tsay (2003) found that as the price approached the ceiling (limit up), the magnet 

effect was significant; but as the price approached the floor (limit down), the magnet 

effect was insignificant. Wong, Chang and Tu (2006) showed that within 30 minutes 
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to the limit, the return, volume, volatility, and frequency of trade in each five minute 

all accelerated, in line with the magnet effect. In addition, they also showed that 

when the volume was mainly formed by institutional investors, the magnet effect 

was insignificant. In other words, the magnet effect was caused by individual 

investors who were lacking in information. According to the transaction data of 

TWSE stocks in 2000, Hsieh, Kim and Yang (2009) indicated as the price got closer 

to the limit, the probability of the price keeping going up or down increased 

significantly. This proved that magnet effect existed on TWSE. Moreover, the study 

found that the trigger point of the magnet effect is at 9 and 4 ticks to the limit price 

by using Logit Regression Model based on the concept of conditional probability. 

Through the literature mentioned above, although there are many empirical 

studies on the magnet effect under different daily price limits in many countries in 

the past. However, the market structure and trading rule in each market are not quite 

the same, so do the methodology and sample. Besides, empirical studies on the 

magnet effect on Taiwan stock market are based under the 7% price limit. 

Additionally, the market structure and trading rule on Taiwan stock market are 

different from the past and other countries. Therefore, whether the magnet effect still 

exists or not, and how the magnet effect on Taiwan stock market is influenced by 

loosened daily price limit from 7% to 10%, there is a lack of related empirical 

literature toward these issues until now. 

2.2  The Impact of Different Price Limits 

Many Scholars have investigated or simulated the impact of daily price limit 

change on Taiwan security market. They have also discussed the different daily price 
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limits may bring the difference to the stock market under assumption that the daily 

price limit is adaptable. 

2.2.1  Positive View 

Deng (1990) indicated that the daily price limit did not significantly affect the 

average return of stocks. However, the limit could not only reduce the daily risk. 

The limit tended to make high-beta stocks be underestimated and low-beta stocks be 

overestimated. 

Shen and Huang (1994) used the daily data as well as weekly data, and 

separately argued that as the limit widened from 5% to 7%, the return would 

decrease; as the limit narrowed from 5% to 3%, the return would not increase but 

stay still by the daily data. However, the result was not the same with the weekly 

data: when the limit narrowed from 5% to 3%, conditional variance and slope had 

changed but when the limit widened from 5% to 7%, only the slope had structurally 

changed. The change of daily price limit did not make the volatility model 

structurally changed by the weekly data. 

Wu and Zhou (1995) indicated that the suppression or cold effect on the floor 

side was more significant; however, the effect on the ceiling side was insignificant. 

There is no regular effect on both sides of the limit, that was to say. Moreover, they 

showed the magnet effect on the ceiling side and the one on the floor side are 

asymmetric, too. 

Hong (2002) showed price constraints had no significant impact on low-priced 

and high-priced electronic stocks, but resulted in delayed price discovery and trading 
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interference; however, it was effective in reducing the investors’ overreaction and 

volatility of return. 

Zhang and Ma (2012) simulated the condition to find out the frequency of price 

reaching the limit of 7%, 10%, 12% and 15% by estimating parameters with 

ARCH-Jump model. The result supported the “delayed price discovery hypothesis” 

and indicated that the relaxation of the price limit would enhance the efficiency. In 

addition, they discovered that the stocks with the characteristics of small size, high 

risk, frequent transaction and low price had higher frequency to hit the floor. 

2.2.2  Negative View 

Hu and Liang (1995) argued that adjusting the daily price limit had no 

consistent effect on the volatility of the stock market, nor did the study show that the 

daily price limit had insignificantly and inconsistently positive correlation with the 

effect of stabilizing price. 

2.3  Other Related Theories to the Daily Price Limit 

In the past, empirical studies on price limit focused on the examination of 

volatility spillover, delayed price discovery, trading interference and magnet effect. 

However, these researches focused more on whether the adoption of the daily price 

limit would affect the volatility, efficiency and liquidity. Therefore, we conduct a 

brief review to understand the impact of price constraints on the market in the 

following paragraph. 
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2.3.1  Positive View 

Ma, Rao, and Sears (1989) mentioned that stock price tended to become stable 

as well as have higher volume when it reached the limit. The limit may provide the 

cold effect for the stock market. It showed that the limit didn’t interfere with 

liquidity and impel investors to reevaluate the stocks. 

Lee and Kim (1995) argued that the volatility of stock price was influenced by 

many economic and noneconomic factors. They constructed the portfolio which 

separated other factors affecting volatility in a cross-sectional analysis. The result 

showed that the limit could indeed reduce the volatility of stock price on Korean 

stock market. 

Chen (1999) illustrated that the volatility of return reduced after hitting the 

limit first time, indicating that the price limit had the function of stabilizing stock 

price. 

2.3.2  Negative View 

On the contrary, there is little literature with a negative view toward the impact 

of the daily price limit. Lehmann (1989) argued that the price limit prevented drastic 

price fluctuation on a single trading day and obstructed the corrections under the 

unbalanced orders that made the settlement unsuccessful, resulting in reducing 

market liquidity and transaction interference. 

Chen (1993) found that the volume for the next day was significantly greater 

than the one for the day and before the day, indicating that price limit would cause 

trade interference. Xiao (1996) set up liquidity demand hypothesis and trading 
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interference hypothesis to explore the impact of price limit on volume. The study 

was agreed with the trading interference hypothesis, which the stock fluctuation 

limit would interfere with trading activities. Lin (2001) indicated that the price limit 

caused greater volatility before and after reaching the limit by observing the daily 

transaction data of TWSE stocks from January to June, 1998. 

In the review of the literature mentioned above, we can find that prior scholars 

have different opinions on whether price constraints can effectively stabilize the 

stock price and reduce the volatility by the cold effect. Empirical studies fail to 

obtain a consistent conclusion, so the daily price limit on the security market and the 

impact of investors’ behaviors continue to cause widespread discussion. 
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3. Hypothesis and Methodology 

3.1  Data Collection 

To discuss the magnet effect under the change of price limit on Taiwan stock 

market, firstly we need to confirm that there is any magnet effect under the 10% 

price limit. Then we can compare the level of strength of the magnet effect under 

different price limits. According to the mentioned above, we discuss the price 

movement and the level of strength of the magnet effect in different quartiles of the 

same stock characteristic before and after the price limit change. 

We obtain the intraday and daily transaction data mainly from Taiwan 

Economic Journal Data Bank, including trading time, price and volume, highest and 

lowest price during a trading day, daily return and closed price. From January 1 to 

December 31, 2015, the sample period has 244 days. This sample is separated into 

two parts (intervals) by the price limit widen on June 1, 2015. 

There were 874 companies listed on TWSE on December 31, 2015. However, 

we exclude the following kinds of stocks: 

1. Taiwan depositary receipt (TDR). 

2. The abnormal trading stocks, such as noticed and punished stocks. 

3. The turnover was below 20% of all traded stocks because infrequent traded data 

may result in biased estimation of measures of the magnet effect. 
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4. Companies were delisted or had not listed during the sample period. The first 5 

days after IPO have no daily price limit and may have a distorted price 

movement. 

5. The price had hit and kept at the price limit since the opening quotation. These 

stocks should not be in the sample because there is no chance to observe the 

price movement and changes in volume. 

In summary, we drop 337 companies from the data set and adopt the remaining 

537 companies as our empirical sample. Tables 3.1 is the summary of sample 

information. 
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Tables 3.1: Summary of the sample companies’ industry, number and average 

institutional share-holding ratio 

Industry 
Name 

Number 
of firms 

Institutional  
share-holding ratio (%) Class Code 

Non- 
electronic 
industry 

1 Cement 2 17.31 
2 Food 11 29.48 
3 Plastics 13 26.52 
4 Textiles 18 11.19 
5 Electrical Machinery 33 20.72 
6 Electrical Appliance 5 14.81 
8 Glass 2 6.11 
9 Paper Pulp 4 9.89 
10 Iron Steel 9 10.74 
11 Rubber 11 12.87 
12 Automobile 4 19.37 
14 Construction 21 17.47 
15 Shipping 14 18.42 
16 Tourist 7 10.35 
17 Bank 22 25.84 
18 Retail 12 17.93 
20 Others 28 29.17 
21 Chemicals 16 10.74 
22 Bio-Tech and Medical 20 15.26 
23 Oil and Gas 1 7.66 

Electronic 
industry 

24 Semiconductor 51 49.61 
25 Computer and Peripheral Equipment 39 30.5 
26 Optoelectronic 42 21.47 
27 Communications and Internet 32 18.96 
28 Electronic Parts 74 24.33 
29 Web-based Channel 16 21.72 
30 Information Service 8 4.85 
31 Other Electronics 22 39.81 

Total   537 - 
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There are 28 industries and 537 companies included in our study. We simply separate them into 

electronic and non-electronic companies by industry codes in the following statistic examination. 

Furthermore, it illustrates electronic companies’ institutional share-holding ratios are approximately 

higher than non-electronic companies’ ones. 

3.2  Methodology 

If the magnet effect exists on stock markets, the stock price may accelerate 

shifting to the limit as it gets closed to the limit. In other words, if the expected 

return obviously increases or decreases when the stock price gets closed to the limit, 

it may be a proof of the magnet effect. Chao et al. (2003) set the model by this 

concept and principle. They verified the intraday data per five minutes as an unit 

during 1998~1999, which had 324 trading days and 345 companies, by AR (3) - 

GARCH (2,2) model. They also mentioned that the standard deviation of intraday 

return was in an U-shaped, which indicated the volatility of opening and closing 

quotations was high as well as the standard deviation between each intraday data 

was quite different. Therefore, they divided the intraday return each 5-min by the 

corresponding standard deviation in order to remove the U-shaped intraday 

volatility. 

r̅k =
∑ γi,k324
i=1

324
 (1) 

δk = �∑ (γi,k − γ�k)324
i=1

2

323
 (2) 

RETt,k =
γt,k
δk

 (3) 



 

18 

 

where δk  was the sample deviation of the return, and RETt,k  indicated the 

standardized 5-min return of the stock. 

The empirical regression model was following: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡 = 𝛼𝛼0 + 𝛼𝛼1𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−1 + 𝛼𝛼2𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−2 + 𝛼𝛼3𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−3 + 𝛾𝛾1𝐷𝐷(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)𝑖𝑖,𝑡𝑡−1

+ 𝛾𝛾2𝐷𝐷(𝑓𝑓𝑐𝑐𝑓𝑓𝑓𝑓𝑓𝑓)𝑖𝑖,𝑡𝑡−1 + 𝜀𝜀𝑡𝑡 

(4) 

They used an AR (3) process as the baseline model for the stock return process. 

In addition, they referred to 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡 as the dependent variable; t indexed the 5-min 

intervals. 

There were two dummy variables included in the conditional mean equation of 

the return: 

𝐷𝐷(𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐)i,t−1 = �1, distance between Pi,t and limit up is within 3%     
0, otherwise                                                                            

(5) 

𝐷𝐷(𝑓𝑓𝑐𝑐𝑓𝑓𝑓𝑓𝑓𝑓)i,t−1 = �1, distance between Pi,t and limit down is within 3%   
0, otherwise                                                                                

(6) 

The two dummy variables were the key factors to observe the magnet effect. In 

Eq. (5) and (6), Cho et al. (2003) defined the distance of 3% between the price and 

the limit as a threshold to investigate the magnet effect. If the magnet effect indeed 

existed, the stock price would accelerate shifting to the limit when the one got 

closed to the limit. 

If 𝛾𝛾1 (𝛾𝛾2) was significantly positive (negative), it implied the effect existed, 

that was to say. 
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Because normally high-frequency stock returns exist negative serial 

correlations, the TWSE intraday returns may demonstrate strong negative serial 

correlations up to the lag. We refer to Cho et al.(2003) as well as Lin (2014), and 

adjust the empirical regression model. The differences are below: 

1. Cho et al. (2003) grouped the sample by each 5-min return. But we focus on the 

return each transaction because it may be more accurate to capture the magnet 

effect and prevent grouping biased. 

2. Since adopting return each transaction makes the rate of return quite small, we 

think “tick” as a measurement unit should be more suitable. Tables 3.2 shows the 

tick within each stock price interval. 

Tables 3.2: The stock price change unit (tick) within each price interval on Taiwan 

stock market 

Stock price interval Price change unit (tick) 
NT$0.01~NT$10 0.01  
NT$10~NT$50 0.05  
NT$50~NT$100 0.10  
NT$100~NT$500 0.50  
NT$500~NT$1,000 1.00  
NT$1,000~ 5.00  

Resource: TWSE 

TWSE separates the stock price into six intervals, and ticks are separated from 0.01 to 5. 

3. We define the 70% of the daily price limit (the distance of 4.9% between the 

price and the limit under the 7% price limit; the distance of 7% between the 

price and the limit under the 10% price limit) as a threshold rather than 3%. To 

get robust results, we will adjust the percent additionally in last part of this study. 
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The adjusted conditional mean equation of the return within two intervals 

(January 1 to May 31, 2015 and June 1 to December 31, 2015) is below: 

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡 = 𝛽𝛽0 + 𝛽𝛽1𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽2𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−2 + 𝛽𝛽3𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−3 + 𝛽𝛽4𝐷𝐷(𝑈𝑈𝑈𝑈)i,t

+ 𝛽𝛽5𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t + 𝜀𝜀𝑡𝑡 

(7) 

In Eq. (7), we also adopt an AR (3) process as the baseline model for the stock 

return process.1 We refer to RETi,t as the dependent variable for simplicity and 

measure it by tick; t indexes each transaction interval. There are two dummy 

variables included in this empirical regression model: 

𝐷𝐷(𝑈𝑈𝑈𝑈)i,t = �1, �
distance between Pi,t and limit up is within 2.1% in interval 1 
distance between Pi,t and limit up is within 3.0% in interval 2 

0, otherwise                                                                                                     
 

(8) 

𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t

= �1, �
distance between Pi,t and limit down is within 2.1% in interval 1 
distance between Pi,t and limit down is within 3.0% in interval 2 

0, otherwise                                                                                                           
 

(9) 

In our model, we observe the magnet effect toward the ceiling and floor side by 

𝛽𝛽4  and 𝛽𝛽5 . If 𝛽𝛽4  (𝛽𝛽5 ) are significantly positive (negative), it implies that the 

expected return increase (decrease) when the price approaches the limit up (down). 

                                                 

1 Typically, Taiwan stocks’ returns reveal strong negative serial correlations up to the third lag. In 

addition, we also try to use a MA(3) process to analyze and it shows the similar result. So we refer to 

Cho et al.(2003) as well as Lin (2014), and adopt the AR(3) process throughout this study. 
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That is to say, the magnet effect exists when the price keeps moving toward even 

hitting the limit ultimately. 
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4. Result and Analysis 

4.1  Estimation Result 

We analyze the magnet effect of 537 TWSE stocks before and after the price 

limit change. Table 4.1 summarizes the estimation results before and after the price 

limit change. We report expected coefficients and t values of each variable. 

According to the result, we find that the parameter estimates of 𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 

(𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t) are significantly positive (negative). In addition, the absolute values 

of coefficients of two variables in the second interval are bigger than the ones in the 

first interval. That is to say, the magnet effect indeed exists during from January to 

December 2015, and there is a significant evidence that the magnet effect becomes 

stronger after the relaxation of daily price limit. Moreover, the ceiling magnet effect 

is slightly stronger than the floor one, according to the parameter estimates of 

𝐷𝐷(𝑈𝑈𝑈𝑈)i,t and 𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t within two intervals. 
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Tables 4.1: Summary of the estimation results of the magnet effect before and after 

the price limit change 

Variable 
Conditional mean 

Intercept 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−1 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−2 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−3 𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t 

Part I: Under the 7% daily price limit (Interval I) 

Coefficient -0.00745 -0.43612 -0.18053 -0.06204 0.07018 -0.06982 
t Value (-49.95)*** (-1999.20)*** (-772.48)*** (-286.94)*** (67.78)*** (-43.22)*** 

Part II: Under the 10% daily price limit (Interval II) 

Coefficient -0.01317 -0.10291 -0.02049 0.00001346 0.58696 -0.5452 
t Value (-26.98)*** (-425.45)*** (-87.73)*** (5.53)*** (183.06)*** (-128.93)*** 

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡 = 𝛼𝛼 + 𝛽𝛽1𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽2𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−2 + 𝛽𝛽3𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−3 + 𝛽𝛽4𝐷𝐷(𝑈𝑈𝑈𝑈)i,t + 𝛽𝛽5𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t + 𝜀𝜀𝑡𝑡. 

The parameter estimates are reported. We use the coefficients of 𝐷𝐷(𝑈𝑈𝑈𝑈)i,t and 𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t to 

capture the magnet effect simply. The t-values are reported in the parentheses. It shows that the 

magnet effect indeed exists on Taiwan stock market and becomes stronger after the price limit change. 

Moreover, the ceiling magnet effect is slightly stronger than the floor one. 

***, **, and * denote rejection of the null hypothesis at the 1%, 5% and 10% significance levels, 

respectively. 

There are some possible reasons for the results. First, the volume of Taiwan 

stock market is still mainly composed by individual investors. Second, Taiwanese 

investors (especially the ones mentioned above) have not adapted to the change yet, 

so they are still afraid of the lack of liquidity and make irrational decisions while the 

stock price is approaching the limit. In last, compared with the 7% price limit, 

investors tend to imagine the stock price will hit the limit easier after reaching the 

threshold because the price has already reached 7% (threshold) and just remains 3% 

to hit the limit. 



 

24 

 

We also consider the interactions (𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−1×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t as well as 𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−1×

𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t) to capture whether the persistence exists or not after the price touches 

the threshold, and the results on the overall magnet effect are the same. 

In summary, we infer that the relaxation of price limit may be useless for 

stabilizing the stock price or calming investors in terms of the magnet effect. 

4.2  The Level of Strength of the Magnet Effect in 

Different Quartiles of the Same Stock Characteristic 

After confirming the magnet effect existing in both intervals, we further 

wonder know which type of stock may cause or have stronger magnet effect. In this 

section, we try to adjust the AR(3) model to examine the issue before and after the 

price limit change. 
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𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡 = 𝛽𝛽1𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−1 + 𝛽𝛽2𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−2 + 𝛽𝛽3𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−3

+ ��𝛽𝛽𝑗𝑗×�𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑘𝑘)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t�
6

𝑘𝑘=1

9

𝑗𝑗=4

+ � �𝛽𝛽𝑗𝑗×�𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑘𝑘)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t�
12

𝑘𝑘=8

14

𝑗𝑗=10

+ � � 𝛽𝛽𝑗𝑗×�𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑘𝑘)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t�
18

𝑘𝑘=14

19

𝑗𝑗=15

+ � � 𝛽𝛽𝑗𝑗×�𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑘𝑘)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t�
31

𝑘𝑘=20

31

𝑗𝑗=20

+ 𝛽𝛽32×�𝐷𝐷(𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t�

+ 𝛽𝛽33×�𝐷𝐷(𝐷𝐷𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t�

+ � �𝛽𝛽𝑗𝑗×�𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓𝑘𝑘)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t�
4

𝑘𝑘=1

37

𝑗𝑗=34

+ � �𝛽𝛽𝑗𝑗×�𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑘𝑘)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t�
4

𝑘𝑘=1

41

𝑗𝑗=38

+ � �𝛽𝛽𝑗𝑗×�𝐷𝐷(𝑈𝑈𝑅𝑅  𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓𝑘𝑘)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t�
4

𝑘𝑘=1

45

𝑗𝑗=42

 

(10) 
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                           + � �𝛽𝛽𝑗𝑗×�𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑘𝑘)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t�
6

𝑘𝑘=1

51

𝑗𝑗=46

+ � �𝛽𝛽𝑗𝑗×�𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑘𝑘)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t�
12

𝑘𝑘=8

56

𝑗𝑗=52

+ � � 𝛽𝛽𝑗𝑗×�𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑘𝑘)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t�
18

𝑘𝑘=14

61

𝑗𝑗=57

+ � � 𝛽𝛽𝑗𝑗×�𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑘𝑘)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t�
31

𝑘𝑘=20

73

𝑗𝑗=62

+ 𝛽𝛽74×�𝐷𝐷(𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t�

+ 𝛽𝛽75×[𝐷𝐷(𝐷𝐷𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t]

+ � �𝛽𝛽𝑗𝑗×[𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓𝑘𝑘)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t]
4

𝑘𝑘=1

79

𝑗𝑗=76

+ � �𝛽𝛽𝑗𝑗×[𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑘𝑘)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t]
4

𝑘𝑘=1

83

𝑗𝑗=80

+ � �𝛽𝛽𝑗𝑗×[𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓𝑘𝑘)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t]
4

𝑘𝑘=1

87

𝑗𝑗=84

+ 𝜀𝜀𝑡𝑡 

Eq. (10) includes dummy variables of industry, debt ratio, institutional share-holding 

ratio, price to earnings ratio and interaction of each dummy variable of stock 

characteristic with 𝐷𝐷(𝑈𝑈𝑈𝑈)i,t as well as 𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t. We firstly separate them into 

different groups by class or quartiles, and then define each group as a dummy 

variable (in Eq. (11) ~ (12)). Then we use the interactions to capture the relation 

between each group and the magnet effect. If the 𝛽𝛽4~𝛽𝛽45 (𝛽𝛽46~𝛽𝛽87) is significantly 

positive (negative) and the absolute values of parameter estimates of the same stock 

characteristic are increasingly bigger (smaller) from first quartile to fourth quartile, 
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it implies that the relation between the particular stock characteristic and the magnet 

effect is positive (negative). 

𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼𝑘𝑘)i,t = �1, if the company′s industry code is k                                 
0, otherwise                                                                                 

(11) 

𝐷𝐷(𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t

= �1, if the company is in electronic industry (industry code is 24~31)        
0, otherwise                                                                                                                  

(12) 

𝐷𝐷(𝐷𝐷𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t

= �1, if the company is in nonelectronic industry (industry code is 1~23)        
0, otherwise                                                                                                                       

(13) 

𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓𝑘𝑘)i,t = �1, if the company′s debt ratio is in the k th quartile          
0, otherwise                                                                                    

(14) 

𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑘𝑘)i,t

= �1, if the company′s institutional holding ratio is in the k th quartile         
0, otherwise                                                                                                                  

(15) 

𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓𝑘𝑘)i,t

= �1, if the company′s price to earnings ratio is in the k th quartile                         
0, otherwise                                                                                                                           

(16) 

Tables 4.2~4.3 show summary statistics in class or quartile interactions of 

different stock characteristics under different daily price limits. 
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Tables 4.2: Summary of the estimation results under different stock characteristics 

and groups before the price change 

Parameter 
Parameter 
Estimate  

t Value 

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−1 -0.43604 ( -1998.8 ) *** 
𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−2 -0.18043 ( -772.06 ) *** 
𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−3 -0.06196 ( -286.58 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼1)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t - 

   
 

𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼2)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.18368 ( 11.03 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼3)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.09487 ( 15.19 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼4)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.0833 ( 15.56 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼5)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.08777 ( 21.23 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼6)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t - 

   
 

𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼8)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.02999 ( 0.9 )  
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼9)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.04087 ( 2.48 ) ** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼10)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.02585 ( 1.32 )  
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼11)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06231 ( 7.64 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼12)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t -0.03666 ( -1.44 )  
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼14)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.04438 ( 6.88 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼15)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.05726 ( 9.6 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼16)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.07642 ( 9.25 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼17)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.02583 ( 5.94 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼18)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06098 ( 6.21 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼20)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06104 ( 16.86 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼21)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.04928 ( 7.28 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼22)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.09123 ( 10.65 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼23)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.14694 ( 3.88 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼24)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06167 ( 19.97 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼25)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.05303 ( 17.63 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼26)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.0515 ( 16.17 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼27)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.08654 ( 17.52 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼28)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06762 ( 25.46 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼29)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.0735 ( 7.61 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼30)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.16169 ( 9.42 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼31)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.05182 ( 11.92 ) *** 
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Tables 4.2 continued 
𝐷𝐷(𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.0614 ( 46.1 ) *** 
𝐷𝐷(𝐷𝐷𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06464 ( 40.3 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓1)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.08225 ( 37.33 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓2)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06121 ( 33.56 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓3)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.062 ( 29.22 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓4)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.04749 ( 22.47 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐1)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.07045 ( 30.88 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐2)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06073 ( 25.26 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐3)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06615 ( 35.66 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐4)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.05553 ( 30.25 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓1)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.0531 ( 21.81 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓2)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.05707 ( 25.45 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓3)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06561 ( 37.24 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓4)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.06963 ( 35.7 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼1)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t - 

   
 

𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼2)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.21693 ( -6.45 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼3)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.09242 ( -7.74 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼4)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.14357 ( -8.6 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼5)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.13735 ( -18.09 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼6)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.54367 ( -4.35 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼8)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.16979 ( -1.75 ) * 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼9)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -1.61317 ( -13.76 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼10)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.02143 ( -0.99 )  
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼11)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.17299 ( -10.54 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼12)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.04164 ( -1.02 )  
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼14)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.10456 ( -9.32 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼15)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.0358 ( -6.68 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼16)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.14371 ( -5.6 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼17)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.06665 ( -3.29 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼18)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.11492 ( -8.77 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼20)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.0616 ( -9.26 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼21)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.06652 ( -5.39 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼22)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.11067 ( -12.75 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼23)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.06869 ( -2.26 ) ** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼24)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.09479 ( -18.56 ) *** 
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Tables 4.2 continued 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼25)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.07699 ( -13.99 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼26)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.05386 ( -14.32 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼27)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.07111 ( -12.22 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼28)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.08216 ( -20.18 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼29)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.1258 ( -6.6 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼30)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.16843 ( -6.69 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼31)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.05824 ( -7.97 ) *** 
𝐷𝐷(𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.07351 ( -37.11 ) *** 
𝐷𝐷(𝐷𝐷𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.08452 ( -30.66 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓1)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.11175 ( -32.1 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓2)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.08086 ( -25.5 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓3)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.05927 ( -20.11 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓4)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.06458 ( -19.31 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐1)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.09132 ( -28.31 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐2)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.08163 ( -24.59 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐3)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.08263 ( -26.14 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐4)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.05428 ( -17.11 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓1)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.07909 ( -23.29 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓2)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.07412 ( -19.8 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓3)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.07683 ( -24.82 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓4)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.07815 ( -27.51 ) *** 

The parameter estimates are reported separately by different industries as well as quartiles of debt 

ratio, institutional share-holding ratio and price to earnings ratio. The t-values are reported in the 

parentheses. There is no sample touching the ceiling threshold in industry 1 as well as 6, and the floor 

threshold in industry 1. The result shows that the companies with the characteristics of non-electronic, 

low debt ratio, low institutional share-holding ratio tend to have higher magnet effect. In addition, 

companies in food and information service industries have higher magnet effect, compared with ones 

in other industries. 

***, **, and * denote rejection of the null hypothesis at the 1%, 5% and 10% significance levels, 

respectively. 
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Tables 4.3: Summary of the estimation results under different stock characteristics 

and groups after the price change 

Parameter 
Parameter 
Estimate  

t Value 

𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−1 -0.10354 ( -428.15 ) *** 
𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−2 -0.02118 ( -90.7 ) *** 
𝑅𝑅𝑅𝑅𝑅𝑅𝑖𝑖,𝑡𝑡−3 -0.00000508 ( -2.18 ) ** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼1)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.80092 ( 9.45 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼2)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 2.95595 ( 61 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼3)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.76317 ( 35.94 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼4)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.356 ( 18.13 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼5)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.42564 ( 28.97 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼6)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.64562 ( 15.41 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼8)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 2.98761 ( 45.97 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼9)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 1.35891 ( 12.62 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼10)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.66068 ( 14.37 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼11)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.67389 ( 27.1 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼12)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.46187 ( 10.33 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼14)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.93616 ( 42.06 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼15)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.25801 ( 13.31 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼16)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.85835 ( 29.79 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼17)i,t×𝐷𝐷(𝑈𝑈𝑈𝑈)i,t 0.76245 ( 24.6 ) *** 
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𝐷𝐷(𝐷𝐷𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐𝑐𝑐𝑐𝑐𝐼𝐼𝑓𝑓𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑓𝑓𝐼𝐼)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.68589 ( -95.18 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓1)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.658 ( -77.5 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓2)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.52878 ( -70.75 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓3)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.5757 ( -63.86 ) *** 
𝐷𝐷(𝐷𝐷𝑐𝑐𝐷𝐷𝐼𝐼 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓4)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.46903 ( -52.6 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐1)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.63504 ( -74.82 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐2)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.54311 ( -59.58 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐3)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.58023 ( -70.43 ) *** 
𝐷𝐷(𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝐼𝐼𝐼𝐼𝐼𝐼𝑐𝑐𝑓𝑓𝑐𝑐𝑅𝑅𝑐𝑐 𝐻𝐻𝑓𝑓𝑐𝑐𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐4)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.47954 ( -60.67 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓1)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.55271 ( -75.81 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓2)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.6565 ( -74.45 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓3)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.49434 ( -52.73 ) *** 
𝐷𝐷(𝑈𝑈𝑅𝑅 𝑅𝑅𝑅𝑅𝐼𝐼𝑐𝑐𝑓𝑓4)i,t×𝐷𝐷(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷)i,t -0.52302 ( -61.02 ) *** 

The parameter estimates are reported separately by different industries as well as quartiles of debt 

ratio, institutional share-holding ratio and price to earnings ratio. The t-values are reported in the 

parentheses. The result approximately similar with the one before the price limit change. However, 

the floor magnet effect becomes weaker relatively. 

***, **, and * denote rejection of the null hypothesis at the 1%, 5% and 10% significance levels, 

respectively. 

The results show that non-electronic stocks (especially the food and 

information service industries) have stronger magnet effect than electronic ones 

because average stock price as well as volatility of return of electronic companies 

are higher that less investors who mainly trigger the magnet effect hold and thus 

electronic companies tend to have higher institutional share-holding ratio. On the 
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other hands, the relation between debt ratio and magnet effect is approximately 

negative. The possible reason is that low debt-ratio companies’ financial resources 

are mainly provided by equity holders rather than debt holders and thus the 

companies are easily affected by the investors’ emotion and irrational decisions. In 

addition, stocks with the characteristic of higher institutional share-holding ratio 

accompany the stronger magnet effect. It obviously implies the effect is mainly 

caused by individual investors. Nevertheless, in terms of price to earnings ratio, 

there is no regular and consistent result: the relation between price to earnings ratio 

and the ceiling magnet effect is positive under the 7% price limit, but it is otherwise 

under the 10% price limit. But there is no regular relation between price to earnings 

ratio and the floor magnet effect regardless of the price limit. In brief, price to 

earnings ratio is not a good indicator to estimate the level of strength of the magnet 

effect. 

In last, we additionally consider the fix effect and different thresholds to 

acquire robust results. The results are similar with the ones under the 70% threshold: 

as the threshold is higher, the absolute values of parameter estimates become 

significantly bigger. This is to say, the level of strength of the magnet effect becomes 

stronger as the stock price approaches the limit. It proves the magnet effect indeed 

exists on Taiwan stock market under different daily limits of price fluctuation again. 
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5. Conclusion 

5.1  Result and Summary 

In this paper, we try to conduct an empirical study on the magnet effect under 

different daily limits of price fluctuation by high-frequency data of TWSE stocks. 

It’s more suitable to investigate the effect by high-frequency data. Four main issues 

of price limit have been discussed: volatility spillover, delayed price discovery, 

trading interference and magnet effect. In the past, most of the literature focused on 

the first three hypotheses by using daily price. However, the magnet effect involves 

the intraday price movement. It’s inadequate to be measured by daily data. 

Additionally, because of the stringent price limit and high volatility, TWSE is 

suitable for analyzing the magnet effect. 

FSC R.O.C., for the purpose of better accommodating the function of the 

market and to keep abreast of international practices, has decided to relax the price 

limit on Taiwan stock market from 7% to 10%. Therefore, we adopt an AR(3) model 

to simply analyze the intraday price movement and distinguish the effect under 

different daily price limits. Furthermore, we try to identify the relation between the 

magnet effect and particular stock characteristics in order to know which are good 

indicators of the magnet effect. We choose the industry (especially electronic 

industry), debt ratio, institutional share-holding ratio and price to earnings ratio as 

the purposes of this study subjectively. 

From the estimation results, there are significant evidences that the magnet 

effect exists on Taiwan stock market before and after the price limit change. We find 
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that the conditional mean returns increase (decrease) when the price approaches the 

ceiling (floor) and the effect even becomes stronger under the 10% daily price limit. 

Furthermore, the ceiling magnet effect is slightly stronger than the floor one under 

different price limits. Considering particular stock characteristics and measurements 

by subjective or quartiles grouping, we find that the non-electronic stocks have 

stronger magnet effect and there is a significant negative relationship between debt 

ratio, institutional share-holding ratio and the magnet effect. In terms of price to 

earnings ratio, there is no consistent result and it’s not a good indicator to estimate 

the magnet effect. 

5.2  Suggestion 

We confirm and compare the level of strength of the magnet effect under 

different price limits by AR(3) process, and actually it’s not conscientious enough 

because we don’t consider the deterministic pattern in volatility pattern. In addition, 

the AR(3) process we adopt may contain insufficient measurement variables to 

examine the magnet effect. In the future, we can consider the Gaussian mixture 

model (GMM) or Logit regression model, which can capture the change in 

conditional probability of price rise and fall, to investigate the magnet effect under 

the 10% daily price limit and the impact of the limit relaxation on the magnet effect 

on Taiwan stock market. Moreover, we may use these models to find out the trigger 

point of the magnet effect. In last, we are able to consider more market factors or 

stock characteristics, for example investor’s emotion indicators, corporate 

governance, asset or enterprise scale, volume, etc. 
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