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摘要 

 本研究以企業現金持有之理論結合經理人股票選擇權是否使經理人有不同的投資

決策。並提出在超額現金情境之下，經理人具有股票選擇權的風險誘因將會傾向透過執

行併購的方式，增加非系統性風險的投資，並貢獻長遠的經濟利潤。本研究蒐集於 1992 

年至 2014 年的 S&P1500 企業，根據是否具有超額現金將公司進行分組，並對選擇權

誘因進行回歸分析。實證結果顯示具中有風險誘因的經理人在具有超額現金的公司中會

有顯著更高的傾向執行併購，尤其當公司同時是屬於舊產業。此外當排除全額股票支付

的併購與公開上市的被併公司後，投資人會給予顯著的正面反應。 

關鍵字：現金持有、經理人股票選擇權、非系統性風險、併購 
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Abstract 

This study combines the cash holdings theory and executive stock options (ESOs), and 

investigates whether excess cash holdings could enlarge the risk incentive effect of ESOs on 

idiosyncratic-risk investments with positive NPV via mergers and acquisitions (M&As). By 

examining the Standard and Poor indexed 1500 firms from 1992 to 2014, we find that CEO 

with ESOs in cash-rich firm is significantly more likely to make M&As especially when the 

cash-rich firm is in old economy. In addition, investors give positive reaction when CEO with 

ESOs in cash-rich firm acquires a non-public target and doesn’t adopt the all-stock payment. 

Keywords: Cash Holdings, ESO, Idiosyncratic Risk, Mergers and Acquisitions 
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1. Introduction 

This study examines whether excess cash holdings can enlarge the risk incentive effect of 

executive stock options, ESOs, on idiosyncratic-risk investments with positive NPV via 

mergers and acquisitions. Prior literature posits that ESOs can give CEO incentives to 

undertake risky projects because ESOs link CEO compensation with firm risk (e.g., Haugen 

and Senbet, 1981; Smith and Stulz, 1985; Guay, 1999). In particular, Armstrong and Vashishtha 

(2012) find that ESOs make CEO increase firm risk by investing projects mainly associated 

with systematic risk because CEO can hedge systematic risk through buying the market 

portfolio. Furthermore, Datta, Iskandar-datta and Raman (2001) provide evidences that CEO 

with ESOs is more likely to take mergers and acquisitions (M&As) and experiences positive 

stock returns. Croci and Petmezas (2015) posit that an interquartile range increase in vega could 

translate into an approximately 4.22% enhancement in acquisition investments and vega is 

positively related to acquirers’ announcement returns. 

Recent studies indicate that intangible investment such as research and development (R&D) 

characterized by idiosyncratic risk is the vital source of firm’s economic growth (e.g., Brown, 

Fazzari and Petersen, 2009; Hsu, Tian and Xu, 2014; Kerr and Nanda, 2014). Pastor and 

Veronesi (2009) suggest that new technology is mostly associated with idiosyncratic risk. 

Several studies find the positive relation between idiosyncratic risk and stock return because 

idiosyncratic risk would be priced by investors, who cannot diversify their portfolio in reality 

(Goyal and Clara, 2003; Fu, 2009). Eberhart, Maxwell and Siddique (2004) provide empirical 

evidences that the unexpected increase in R&D is positive relation with firms’ long-term 

operating performance and abnormal return. Phillips and Zhdanov (2012) provide theoretical 

and empirical evidences that big firms having successfully innovated can be more efficient to 

obtain innovation by undertaking M&As. Bena and Li (2014) show that companies with large 

patent portfolios and low R&D expenses are acquirers, while companies with high R&D 

expenses and slow growth in patent output are targets. Also, they conclude that synergies 

obtained from combining innovation capabilities are important motives of acquisitions, 

consistent with value creation. 

Bates, Kahle and Stulz (2009) argue that firms with higher cash flow risk, mainly derived 

from idiosyncratic risk, and R&D expenditures have higher cash holdings for the precautionary 

motive. Brown and Petersen (2011) demonstrate the importance of internal funds such as cash 
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holdings on smooth of innovation of R&D. Thakor and Lo (2015) find that firms with more 

investments in R&D would carry internal cash to defend the uncertainty in financing market. 

M&As are the critical investments for firms. The acquirer would increase its post-merger 

idiosyncratic risk because of administrative pitfalls or the target with higher idiosyncratic risk. 

Lubatkin and O’Neill (1987) examine the changes in risk by four types of groups depending 

on the degree of relatedness of mergers, and show that idiosyncratic risk increases in all types 

of groups because of administrative pitfalls. Accordingly, we argue that excess cash holdings 

can enlarge the risk incentive effect of ESOs on idiosyncratic-risk investments with positive 

NPV via M&As. In order to examine the argument, our objectives are that whether CEO with 

ESOs in cash-rich firms would more likely to take M&As, and that whether investors would 

react favorably to M&As 

The final sample is constructed of 17,493 firm-year observations covered by the Standard 

and Poor indexed 1500 firms, which exclude financial firms (SIC code 6000-6999) and utilities 

(SIC code 4900-4999) and have 3,057 acquisitions. We obtain all of its completed domestic 

acquisitions as a merger, acquisition of majority interest, asset acquisition, or acquisition of 

certain assets with transaction values over $1 million. 

Our major findings are summarized as below. First, CEO with vega in cash-rich firm is 

more likely to make an acquisition especially when the cash-rich firms is in old economy. Third, 

investors give positive reaction when CEO with vega in cash-rich firm acquires a non-public 

target and doesn’t adopt the all-stock payment. 

Our contributions are in two dimensions. First, we extend the literatures on ESO which is 

the critical mechanism to overcome managerial risk aversion. Excess cash can amplify the risk 

incentive effect of ESOs that induce CEO to take investments with idiosyncratic risk via M&As. 

Also, the increase in acquisitions apparently happens to the firms in old economy. Second, we 

assure that investors will give positive reaction to an acquisition resulted from the interaction 

of excess cash and ESO. Third, we reexamine the importance of cash holdings for firms to bear 

idiosyncratic risk. 

The remainder of this study proceeds as follows. In the next section, we will discuss the 

relevant prior literature and develop our hypotheses. Section 3 describes our empirical models, 

sample collection and measurement of variables. Section 4 presents our empirical results and 

analysis and set the conclusion in Section 5. 
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2. Literature Review and Hypothesis Development 

2.1 The incentive of ESOs and managerial risk-taking 

Firms grant managers ESOs with the expectation to undertake risky and value-increasing 

investments. The rational is that ESOs can align the wealth of managers with that of 

shareholders and in particular, the value of options increases with the volatility of stock return. 

For example, Haugen and Senbet (1981) analytically demonstrate that the payoff of ESOs can 

mitigate managers’ risk aversion. Smith and Stulz (1985) emphasize that solving these agency 

problems with ESOs can maximize the market value of firms. 

Nevertheless, it is critical to differentiate the function of incentives of ESOs. Theoretically, 

the convexity of managers’ wealth varies not only with the sensitivity of their wealth to the 

volatility of stock return, vega, but with the sensitivity of their wealth to the changes in stock 

prices, delta. Although the positive relation between vega and managerial risk taking is 

demonstrated in the prior literature (Coles, Daniel and Naveen. 2006), the relation between 

delta and their risk taking is ambiguous. It’s probably because delta could magnify the impact 

of changes in stock price on the wealth of managers and could deteriorate managers’ risk 

aversion. Guay (1999) points out that firms are supposed to manage both of the slope and 

convexity of the relation between firm performance and managers’ wealth. Some evidences 

show that ESOs are not necessary to increase managers’ risk taking in some conditions because 

of the wealth effect of managers (Carpenter, 2000; Ross, 2004; Lewellen, 2006). Coles, Daniel 

and Naveen (2006) find that the compensation with higher vega and lower delta induces taking 

more risky investment and financing policy. Low (2009) ameliorates endogeneity problem 

through the exogenous shock, the increase in takeover protection, and shows the increase in 

managerial risk-taking from vega. As the result, the risk incentive effect of ESOs (vega) can 

induce managers to increase firms’ risk. 

Furthermore, to better establish the causal relation between ESOs and managers’ risk-taking 

is important to distinguish systematic and idiosyncratic risk from managers’ perspectives (Tian, 

2004; Duan and Wei, 2005). Armstrong (2012) posits that vega provides risk-averse managers 

incentive to increase total risk mainly by systematic risk, rather than idiosyncratic risk. It is 

partly because managers can hedge systematic risk by trading the market portfolio, and because 

systematic risk gives higher expected stock return in their view. 
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2.2 Systematic risk of Mergers and Acquisitions 

The acquirer could increase or decrease its post-merger systematic risk because of portfolio 

effect, depending on the level of systematic risk of targets. Based on modern financial theory 

and CAPM theory, post-merger systematic risk will be equal to the weighted market value 

average of systematic risk of the acquirer and target because the systematic risk is undiversified 

(Lintner, 1965; Sharp,1964). Hence, the acquirer would increase systematic risk if the target 

have higher systematic risk, and vice versa.  

The acquirer could decrease its post-merger systematic risk because of corporate market 

power, which comes from the improvement of competitive ability. The strong market power 

can enhance corporate flexibility to overcome the economic recession because the losses can 

be transferred to the weak corporations. Moyer and Chatfield (1983) provide empirical 

evidences that systematic risk decrease in market power. To attain competitive advantages can 

come from three different corporate strategies including tangible, intangible and multi-

competition interrelationships. First, tangible areas including similar production, technology 

and distribution can create cost saving synergies resulted from economies of scale and of scope. 

Second, intangible areas including relevant knowledge, generic skill, managerial know-how 

and brand can be transferred between an acquirer and a target. Third, multi-competition means 

that the competition happens to more than one industry. Hence, it is necessary to combine 

corporations in different industry to avoid competitive disadvantage because consolidated 

corporations could provide complete services and products to customers, and could enhance 

customers’ satisfaction and royalty (Lubatkin, 1983; Lubatkin and O’Neill, 1987; Chatterjee 

and Lubatkin, 1990). In addition, these effects are more likely happen to related M&As 

Chatterjee and Lubatkin, 1990). Therefore, acquirer’s post-merger systematic risk could be 

higher or lower depending on different types of M&As.   

2.3 Idiosyncratic risk of Mergers and Acquisitions 

The acquirer would increase its post-merger idiosyncratic risk because of administrative 

pitfalls or the target with higher idiosyncratic risk. Managers may alter the risk profiles of the 

consolidated corporations when they undertake M&As (Lubatkin and O’Neill, 1987). Jemison 

and Sitkin (1986) mention that managers implement improper process of consolidation should 

be the main reason of an increase in idiosyncratic risk (Lubatkin, 1983; Lubatkin and O’Neill, 

1987; Chatterjee and Lubatkin, 1990). Langetieg, Haugen and Wichern (1980) further indicate 
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that the differences between managerial styles, corporate culture, the controlling systems and 

business model may cause more inefficient consolidation. 

Pastor and Veronesi (2009) suggest that new technology is mostly associated with 

idiosyncratic risk. Hence, the acquirer would increase its post-merger idiosyncratic risk if the 

target is an innovative firm with new technology and higher R&D expenses. Also, this increase 

in idiosyncratic risk even could offset the portfolio effects of diversification. Phillips and 

Zhdanov (2012) provide theoretical and empirical evidences that big firms that have 

successfully innovated can be more efficient to obtain innovation by undertaking M&A than 

by innovating directly oneself. Bena and Li (2014) show that companies with large patent 

portfolios and low R&D expenses are acquirers, while companies with high R&D expenses 

and slow growth in patent output are targets.  

The acquirer could decrease its post-merger idiosyncratic risk because of portfolio effects 

of diversification, especially from unrelated targets. Based on modern financial theory and the 

CAPM, investors can eliminate idiosyncratic risk resulted from firm specific events via 

combining lots of stocks into a portfolio. The reason is that the specific events wouldn’t happen 

simultaneously to all firms and wouldn’t impact all of them (Lintner, 1965; Sharp, 1964). 

Hence, it is plausible that diversified corporations, involving different types of product lines, 

theoretically gain the same effect. In other words, these firms have lower idiosyncratic risk 

than focused corporations. Empirically, Chen and Steiner (2000) find that the level of 

diversification, using the concentric diversification index, is inversely related to both total risk 

and idiosyncratic risk. However, Lubatkin and O’Neill (1987) examine the changes in risk by 

four types of groups depending on the degree of relatedness of mergers, and show that 

idiosyncratic risk increases in all types of groups. Based on these finding addressed, 

idiosyncratic risk could increase because of the administrative pitfalls and acquisitions with 

innovative targets. 

2.4 The role of cash holdings on the investments with idiosyncratic risk 

Firms would hold higher level of cash holdings for higher growth opportunities, namely 

the precautionary motive. That is, more cash holdings could prevent firms from giving up 

profitable investments. Especially, it is costly to finance when firms face the financial crises or 

any unexpected shocks (Opler, Pinkowitz, Stulz and Williamson, 1999). Bates, Kahle and Stulz 

(2009) argue that firms with higher cash flow risk, mainly derived from idiosyncratic risk, and 
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R&D expenditures have excess cash holdings for the precautionary motive. The reason is that 

investments in R&D are more serious information asymmetries so it is hard to finance 

externally. Brown and Petersen (2011) demonstrate the importance of internal fund on smooth 

to investments in R&D. Thakor and Lo (2015) also find that firms with more investments in 

R&D would carry cash internally to defend the uncertainty in financing market. 

In light of these studies addressed above, ESOs could increase managerial risk-taking to 

invest projects with systematic risk because managers can hedge systematic risk by trading the 

market portfolio. Furthermore, excess cash holdings could be view as the buffer to defend from 

the uncertainty for undertaking investments with higher idiosyncratic risk. Therefore, we argue 

that excess cash holding can enlarge the risk incentive effects of ESOs that induce managers to 

bear idiosyncratic risk. Another critical point is that M&As are important investment activities 

that could bring the increase in firms’ idiosyncratic risk. Also, some studies provide empirical 

evidences that ESOs could are positive related with the probability of making M&As by 

managers (Datta, Iskandar-datta and Raman, 2001; Croci and Petmezas, 2015), and cash-rich 

firms are more likely to attempt M&As as well (Harford, 1999). However, there are few studies 

focused on the interaction of excess cash holdings and ESOs from the aspect of investment. 

Therefore, we develop our first hypothesis as below. 

Hypothesis 1: The excess cash holdings can amplify the risk incentive effect of ESOs that 

induce managers to undertake investment with higher idiosyncratic risk via M&As. 

2.5. Firms in new economy versus firms in old economy 

ESOs could induce more managerial risk-taking for old economy firms than for new 

economy firms. Chen, Chen and Chu (2014) find that the risk incentive effect of ESOs is 

positively related to corporate innovative activities especially with more systematic risk due 

to managerial risk aversion. Also, they point out that the risk incentive effect of ESOs 

decrease after the year 2000 due to the structural changes resulted from the burst of internet 

bubble. That is, the risk incentive effect of ESO is less when managers bear higher risk which 

cannot be diversified and might be derived from the unstable environment. Chen (2008) 

argues that firms in new economy, such as computer, software, Internet, telecommunications, 

or networking industries, face higher business risk and have more potential valuable 

investments than firms in old economy. Hence, new economy firms would require large cash 

holdings to defend the business risk and to support investments. As a result, we argue that the 
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interaction of excess cash holdings and ESOs would be more obvious on firms in old 

economy which face less risky environment and tend to hold less cash holdings. 

Hypothesis 2: The excess cash holding would more apparently amplify the risk incentive 

effect of ESOs on firms in old than in new economy. 

2.6 The announcement effect on M&As with idiosyncratic risk   

Recent studies indicate that intangible investment such as R&D is the vital source of firm’s 

economic growth (e.g., Brown et al., 2009; Hsu, Tian and Xu, 2014; Kerr and Nanda, 2014). 

Eberhart, Maxwell and Siddique (2004) provide empirical evidences that the unexpected 

increase in R&D is positive relation with firms’ long-term operating performance and abnormal 

return. Pastor and Veronesi (2009) suggest that new technology is mostly associated with 

idiosyncratic risk. Also, several studies find the positive relation between idiosyncratic risk and 

stock return because idiosyncratic risk would be priced by investors, who cannot diversify their 

portfolio in reality (Goyal and Clara, 2003; Fu, 2009). Furthermore, Phillips and Zhdanov 

(2012) argue that large firms may be disadvantageous to make the competition of R&D with 

small firms so large firms would obtain innovation through acquisitions. Bena and Li (2014) 

posit that synergies obtained from combining innovation capabilities are important motives of 

acquisitions, consistent with value creation. Thus, M&As are the ways to make investments 

with idiosyncratic risk for long-term performance. 

 Other considerations are the agency problem of free cash flow which exists in some cases 

such as Empire building (Jenson, 1986). Harford (1999) provide evidences that cash rich firms 

are more likely to attempt M&As but these M&As decrease firms’ value. Richardson (2006) 

argues that excess cash holdings may cause the possibility of over-investments because of the 

agency problem. However, we argue that managers undertake more M&As with idiosyncratic 

risk because of the interaction of excess cash holdings and ESOs. In addition, idiosyncratic risk 

would be positively related with firms’ long term performance. And, the risk incentive effect 

of ESO (vega) is positively related with acquirer’s announcement return (Croci and Petmezas, 

2015). As a result, these M&As would earn positive reactions from investors. 

Hypothesis 3: Investors would react favorably to M&As given that the risk incentive effect of 

ESOs is enlarged by excess cash holdings. 
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3. Empirical analysis 

3.1 Data and Sample collection 

Our sample period is constructed from 1992 to 2014 and the data is collected primary from 

Wharton Research Data Service (WRDS). First, we gather data to construct firm characteristics 

from Compustat. Second, we obtain daily and monthly stock return from Center for Research 

in Security Prices (CRSP). Third, we obtain the CEO compensation and their equity portfolio 

holdings from Excucomp database to measure CEO’s incentive. Finally, we obtain merger and 

acquisitions from Securities Data Company (SDC) Mergers and Acquisitions (M&A) database. 

Table 1 demonstrates the descriptive statistics for the all variables. We exclude financial 

firms (SIC code 6000-6999) and utilities (SIC code 4900-4999) from the sample because their 

cash holdings can be subject to level of capital requirement and regulatory supervision instead 

of the economic reason. We also drop firms with sales under $10million in 1990 dollars. For 

each firm in the sample, we obtain all of its completed domestic acquisitions as a merger, 

acquisition of majority interest, asset acquisition, or acquisition of certain assets with 

transaction values over $1 million. We also follow Moeller, Schlingemann, and Stulz (2004) 

and drop acquisitions if the ratio of transaction value to total assets of the acquirers less than 

1%. The final sample is constructed of 17,493 firm-year observations covered by the Standard 

and Poor indexed 1500 firms and have 3,057 acquisitions. Besides, we winsorized all variables 

at the first and 99th percentile to guarantee the outliers do not drive the results. 

The number of observations in our all sample is less than in the sample from Harford and 

Uysal (2014) because we only include the Standard and Poor indexed 1500 firms. Besides, in 

order to identify cash-rich firms, we use the period over ten years to estimate predicted cash 

ratio. Hence, firms will be excluded if they do not exist during the estimation period. In our 

sample, the average vega and delta is 0.1039 and 0.458 respectively. There are only about 42 

percentage cash-rich firms because the sample used to estimate predicted cash ratio include all 

COMPUSTATA firms. The average excess cash approximate 0.015 higher than the median so 

cash-rich firms hold much more excess cash. The average total assets, sales, and EBITDA/TA 

are higher in our sample than in the sample from Harford and Uysal (2014) because S&P 1500 

firms are larger and more valuable. Also, these firms are more likely to make M&As and the 

percentage of M&As are about 17.5%. The average stock return and market leverage in our 

sample is lower than in the sample from Harford and Uysal (2014). 
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3.2 Design of empirical model 

To investigate whether excess cash holdings can amplify the risk incentive effect of ESOs 

that induce managers to undertake investment with higher idiosyncratic risk via M&As, we 

adapt the probit model from Harford and Uysal (2014). The modified probit model is used to 

examine the likelihood of M&As as follows: 

𝑃𝑟𝑜𝑏(𝐷𝑒𝑎𝑙 = 1|𝑋𝑖,𝑡) =  𝛽0 + 𝛽1𝑉𝑒𝑔𝑎𝑖,𝑡−1 + 𝛽2𝐷𝑒𝑙𝑡𝑎𝑖,𝑡−1 + 𝛽3𝑆𝑎𝑙𝑒𝑠𝑖,𝑡−1 

                           +𝛽4𝑀𝑎𝑟𝑘𝑒𝑡 𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑖,𝑡−1 + 𝛽5𝑆𝑡𝑜𝑐𝑘 𝑅𝑒𝑡𝑢𝑟𝑛𝑖,𝑡−1

+ 𝛽6𝑀𝑎𝑟𝑘𝑒𝑡 𝑡𝑜 𝑏𝑜𝑜𝑘𝑖,𝑡−1 + 𝛽7𝐸𝐵𝐼𝑇𝐷𝐴/𝑇𝐴𝑖,𝑡−1

+ 𝛽8𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑀&𝐴 𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦𝑖,𝑡−1 + 𝛽9𝐻𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙 𝑖𝑛𝑑𝑒𝑥𝑖,𝑡−1 

                             +𝛽10 𝑌𝑒𝑎𝑟𝑡 + 𝜀𝑡 (1) 

where Deal is dummy variable and is equal to one if the firm undertakes an acquisition. Year 

is dummy variable for each year. We lag all of primary and control variables for one year 

because it is suitable to understand the causality. To better understand the economic results, we 

report the marginal effects of probit analysis at mean values. Subsequently, we decompose all 

sample into cash-rich firms and non-cash-rich firms, and compare the marginal effects between 

these two subsamples for the hypothesis 1. Finally, we continue to decompose these two 

subsamples into new economy and old economy firms for the hypothesis 2. The new economy 

firms are with Standard Industry Code codes 3570, 3571, 3572, 3576, 3577, 3661, 3674, 4812, 

4813, 5045, 5961, 7370, 7371, 7372, and 7373; old economy firms are with SIC codes less 

than 4000 and not categorized as new economy (Lambert and Larcker, 2003; Murphy, 2003) 

To investigate whether investors would react favorably to M&As given that the risk 

incentive effect of ESOs is enlarged by excess cash holdings, we adapt the model from Harford 

and Uysal (2014) and Fuller, Netter, and Stegemoller (2002). We calculate the acquirer's 

cumulative abnormal return regression (CAR) over a five-day event window (two days before 

and two days after the announcement date). The CAR regression is as follows: 

𝐶𝐴𝑅𝑖,𝑡 = 𝛽0 + 𝛽1𝑉𝑒𝑔𝑎𝑖,𝑡−1 + 𝛽2𝐷𝑒𝑙𝑡𝑎𝑖,𝑡−1 + 𝛽3𝑆𝑎𝑙𝑒𝑠𝑖,𝑡 + 𝛽4𝑀𝑎𝑟𝑘𝑒𝑡 𝐿𝑒𝑣𝑒𝑟𝑎𝑔𝑒𝑖,𝑡

+ 𝛽5𝑆𝑡𝑜𝑐𝑘 𝑅𝑒𝑡𝑢𝑟𝑛𝑖,𝑡 + 𝛽6𝑀𝑎𝑟𝑘𝑒𝑡 𝑡𝑜 𝑏𝑜𝑜𝑘𝑖,𝑡 + 𝛽7𝐸𝐵𝐼𝑇𝐷𝐴/𝑇𝐴𝑖,𝑡−1

+ 𝛽8𝐼𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑀&𝐴 𝑙𝑖𝑞𝑢𝑖𝑑𝑖𝑡𝑦𝑖,𝑡 + 𝛽9𝐻𝑒𝑟𝑓𝑖𝑛𝑑𝑎ℎ𝑙 𝑖𝑛𝑑𝑒𝑥𝑖,𝑡

+ 𝛽10𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑆𝑖𝑧𝑒𝑖,𝑡 + 𝛽11𝑃𝑢𝑏𝑙𝑖𝑐 𝑇𝑎𝑟𝑔𝑒𝑡𝑖,𝑡 + 𝛽12𝑃𝑟𝑖𝑣𝑎𝑡𝑒 𝑇𝑎𝑟𝑔𝑒𝑡𝑖,𝑡

+ 𝛽13𝑊𝑖𝑡ℎ𝑖 − 𝑖𝑛𝑑𝑢𝑠𝑡𝑟𝑦 𝑎𝑐𝑞𝑢𝑖𝑠𝑖𝑡𝑖𝑜𝑛𝑖,𝑡 + 𝛽14𝐴𝑙𝑙 𝐶𝑎𝑠ℎ𝑖,𝑡 + 𝛽15 𝐶𝑜𝑚𝑝𝑒𝑡𝑒𝑑𝑖,𝑡 

                            +𝛽16𝐻𝑜𝑠𝑡𝑖𝑙𝑒𝑖,𝑡 + 𝛽17𝑌𝑒𝑎𝑟𝑡 + 𝜀𝑡 (2) 
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We estimate the normal returns of acquirers from market model regressions. The 

benchmark returns are the value-weighted index returns, including dividends, for the combined 

New York Stock Exchange, American Stock Exchange, and Nasdaq. The estimation window 

are 200 days from -205 to -6, in which time zero is the announcement date. Subsequently, we 

calculate abnormal returns as the deviation from the acquirer’s predicted returns to the actual 

returns, and compute CAR by add the abnormal returns from two days before the 

announcement date to two days after the announcement date. Finally, we decompose all sample 

into cash-rich firms and non-cash-rich firms, and also continue to decompose these two 

subsamples into new economy and old economy firms for the hypothesis 3. 

3.3 CEO incentives 

We follow prior literatures (Core and Guay, 1999; Coles et al, 2006; Low, 2009) to measure 

CEO’s incentives, delta and vega. Delta is defined as the change in the dollar of the CEO’s 

stock and options for a one percentage change in the stock price. Vega is defined as the change 

in the dollar of the CEO’s option holdings for a one percentage change in the stock return 

volatility. First, we apply the dividend-adjusted Black-Scholes (1973) formula from Merton 

(1973) to calculate the value of given European call options CEOs hold and present the formula 

as follows: 

Option Value = Se−𝑑𝑇𝑁(𝑑1) − 𝑋𝑒−𝑟𝑇𝑁(𝑑2) (3) 

S is the price of the underlying stock; X is the exercise price of the option; d is the natural 

logarithm of expected dividend yield over the life of the option; r is the natural logarithm of 

risk-free rate, which is the yield at the last day of each year of U.S Treasury Bond; T is the time 

to maturity of the option in the year; N is the cumulative probability function for the normal 

distribution; d1 = [ln(S/X) + T (r－d+𝜎2/2)]/ 𝜎T(1/2); d2 = d1－𝜎T(1/2) and 𝜎 is the 

annualized expected stock return volatility. Besides, the sensitivity of the change in the dollar 

of the CEO’s option holdings for one percentage change in the stock return volatility and the 

sensitivity of the change in the dollar of the CEO’s stock and options for one percentage change 

in the stock price are estimated as follows: 

Vega = [
𝜕(𝑜𝑝𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒)

𝜕(𝑠𝑡𝑜𝑐𝑘 𝑣𝑜𝑙𝑎𝑡𝑖𝑙𝑖𝑡𝑦)
] × 0.01 = 𝑒−𝑑𝑇𝑁′(𝑑1)𝑆√𝑇 × 0.01 (4) 

Delta = [
𝜕(𝑜𝑝𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒)

𝜕(𝑠𝑡𝑜𝑐𝑘 𝑝𝑟𝑖𝑐𝑒)
] ×

𝑠𝑡𝑜𝑐𝑘 𝑝𝑟𝑖𝑐𝑒

100
= 𝑒−𝑑𝑇𝑁(𝑑1) ×

𝑠𝑡𝑜𝑐𝑘 𝑝𝑟𝑖𝑐𝑒

100
 (5) 
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 However, the series of the data of previously granted options are unavailable. Therefore, 

we calculate both delta and vega by applying the “one-year approximation” method (OA 

method) demonstrated in Core and Guay (2002) to estimate ESO incentives for previously 

granted options. The method is convenient and is only required the information from the most 

recent proxy statement. We can categorize options into new, exercisable and unexercisable 

granted options. Subsequently, we calculate vega and delta for each categories and multiply 

the numbers of ESOs held by CEOs for option portfolio. Besides, we also calculate delta for 

restricted stocks and stock holdings by multiplying the year-end market value of stock portfolio 

by one percentage. Then we aggregate across option and stock portfolios for obtaining total 

sum of delta and define total vega a CEO have by aggregating across three categories in option 

portfolio. Finally, we convert the vega and delta from individual-year data into firm-year data 

for the regression analysis addressed above. 

3.4 Cash-rich and non-cash-rich firms 

We adapt the modified model from Bates et al. (2009) to take into account net equity and 

net debt issuances to estimate predicted cash ratio. The modified version of Fama-Macbeth 

regression is from Opler et al. (1999). The estimated period is from 1980 to 1989 and the 

average coefficients are estimated from panel regressions. Afterwards, we apply the average 

coefficients to obtain the predicted cash ratio over the period from 1990 to 2014. Finally, cash-

rich firms are firms which have greater cash ratio then predicted cash ratio; non-cash-rich firms 

are otherwise. And, excess cash is defined as the difference between actual cash ratio and 

predicted cash ratio. 

3.5 Control variables 

The control variables used for the probit regression and the CAR regression are refer to the 

prior literatures. The definition of control variables are (1) to (15) as follows: 

(1) Ln (Sales). We use logarithm of sales to control firm size as larger firms are more likely 

to make acquisitions (Almazan, de Motta, Titman, and Uysal, 2010). 

(2) Cash Holdings/TA. We define it as cash and short-term investment (item CHE) scaled 

by the firm’s total assets (Item AT) at the beginning of the year. Firms with larger cash 

holdings are more likely to engage acquisitions (Jensen, 1986; Harford, 1999). 
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(3) Market Leverage. We define it as book debt divided by market value. Book debt is 

calculated by Total Assets (Item AT) minus book equity. Book equity is defined as total 

assets (Item AT) minus liabilities (Item LT) plus balance sheet deferred taxes and 

investment tax credit (Item TXDITC) minus preferred stock. Market Value is defined as 

liabilities (Item LT) minus balance sheet deferred taxes and investment tax credit (Item 

TXDITC) plus Preferred Stock plus Market Equity (Item CSHO x Item PRCC_F). An 

excessive debt level may reduce the ability to make M&As due to the decrease in new 

debt issuing capacity (Uysal, 2011).  

(4) Stock Return. We define it as the firm’s annual stock return. It is used to consider the 

potential effects of investment opportunities and misvaluation. 

(5) Market-to-Book: Defined as Market Value over Total Assets (Item AT). Based on the 

market-driven theory of acquisitions, firms make more M&As when their stock price is 

overvalued (Shleifer and Vishny, 2003). 

(6) EBITDA/TA. We define it as operating income before depreciation (Item OIBDP) scaled 

by total assets (Item AT) at the beginning of the year. As better performing firms are 

more likely to undertake acquisitions (Roll, 1986; Harford, 1999). 

(7) Industry M&A Liquidity. We define it as the sum of transaction value of M&A for each 

year and three-digit SIC code divided by total assets (Item AT) of all COMPUSTAT 

firms in the same three-digit SIC and year. Industry M&A liquidity is positively related 

to the likelihood of M&As (Schlingemann, Stulz, and Walkling, 2002; Uysal, 2011). 

(8) Herfindahl Index. We define it as the sum of the squares of the market shares of all firms 

sharing the same three-digit SIC. Market share is defined as sales of a firm (Item Sale) 

to sum of sales within the industry. Herfindahl index have a positive and a negative effect, 

respectively, on the likelihood of M&As (Uysal, 2011). Firms would have less targets 

within industry when the industry is highly concentrated; however, they would be aim at 

the cross-industry M&As. 

(9) Relative Size. It is the natural logarithm of the ratio of transaction value of M&A to total 

assets of the acquirer at the end of the fiscal year prior to the acquisition announcement. 

(10) Public Target. It is equal to one if the target is a public firm defined by the SDC M&A 
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database, and zero otherwise. 

(11) Private Target. It is equal to one if the target is a private firm defined by the SDC M&A 

database, and zero otherwise. 

(12) Within-industry Acquisition. It is the ratio of the total dollar volume of within-industry 

acquisitions made by the firm during a year to the firm's total Assets (Item 6) at the 

beginning of the year. 

(13) All Cash. It is equal to one if the M&A is paid with all cash, and zero otherwise. 

(14) Competed. It is equal to one if there is more than one bidder, and zero otherwise. 

(15) Hostile. It is equal to one if M&A is identified as hostile by the SDC M&A database, 

and zero otherwise. 
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4. Empirical results 

4.1. The univariate analysis 

In order to assure the meaning of following empirical analysis, we first take two-sample 

tests by mean and median difference for vega, delta, excess cash, cash rich and other control 

variables. We consider six subsamples including cash-rich firms, non-cash-rich firms, firms in 

new economy, firms in old economy, cash-rich firms in new economy and cash-rich firms in 

old economy.  

Panel A of table 2 reports the results of cash-rich versus non-cash-rich firms. Vega in cash-

rich firms is less than vega in non-cash-rich firms. It is because old economy firms grant less 

ESOs to CEO than new economy firms do, and because cash rich firms are more in new 

economy. The mean and median difference of CAR are negative due to the concern about 

agency problem although they are not statistically significant. The mean and median difference 

of market leverage is significantly negative because firms face costly external funds or the 

financing problem. Above all, the majority of variables are statistically significant difference.  

Panel B of table2 reports the results of firms in new economy versus firms in old economy. 

Vega in new economy firms is more than vega in old economy firms because new economy 

firms have more valuable investment opportunity, higher potential economic growth and higher 

cash flow volatility. These reasons are also why new economy firms are more likely to be cash-

rich firms, hold excess cash and issue less debt. New economy firms are more like to undertake 

an acquisition, especially within-industry acquisition, because they take advantage of this way 

to accelerate the process of innovation.  

Panel C of table 2 reports the results of cash-rich firms in new economy versus cash-rich 

firms in old economy. The results emphasize the difference between new economy firms and 

old economy firms because we control the impact from the characteristics of cash-rich firms. 

And, the results are quite similar with the results of panel B of table 2. The mean and median 

difference of excess cash, market-to-book and acquisition dummy are significantly positive. 

The cash-firms in new economy are with lower market leverage. As a result, cash-rich firms 

in new economy also face higher uncertainty and more investment opportunity than cash-rich 

firms in old economy. 
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4.2. The effect of ESOs on cash-rich and non-cash-rich firms 

Table 3 reports the marginal effects of probit models at the mean values because the 

coefficient estimates in these models are difficult to interpret. Panel A contains the whole 

sample and shows the results consistent with prior literatures that vega has significant effect on 

acquisition decisions. Moreover, we find that cash-rich firms with vega are 21.76% more likely 

to make M&As and the likelihood are even 10.24% higher than the likelihood for non-cash-

rich firms with vega. Subsequently, we consider the impact from the acquisition with all-stock 

payment in panel B. The results of panel B are consistent with that vega for cash-rich firms 

have more impact on likelihood of M&As than vega for non-cash-rich firms. Hence, these 

results support the hypothesis 1 that the excess cash holdings can amplify the risk incentive 

effect of ESOs that induce managers to undertake investment with higher idiosyncratic risk via 

M&As. 

Table 4 reports the announcement effect of M&As by using CAR regression models. Panel 

A contains the whole sample and shows that vega in all sample and in cash-rich firms are 

nonsignificantly positive relation to the announcement effect. Furthermore, the coefficient of 

vega in cash-rich firms is the highest even though the average CAR in cash-rich firms is the 

lowest due to the concern about agency problem. That is, investors may believe that CEO with 

vega in cash-rich firms would take an acquisition with positive NPV. Panel B exclude the 

acquisitions with all-stock payment as all-stock deals would have negative signal. The results 

of panel B show that vega in all of three samples are nonsignificantly positive relation to the 

announcement effect and the coefficients of all are higher than the coefficients in panel A. That 

is consistent with the negative signal from all-stock deals. Besides, the coefficient of vega is 

also the highest in panel B. As a result, investors might react favorably to M&As given that the 

risk incentive effect of ESOs is enlarged by excess cash holdings although the empirical results 

are not statistically significant. 

4.3. The effect of ESOs on cash-rich and non-cash-rich firms in old and new economy 

Table 5 reports the marginal effects of probit models at the mean values because the 

coefficient estimates in these models are difficult to interpret. Panel A contains the whole 

sample and shows that no matter new economy firms or old economy firms with vega are 

apparently more likely to make an acquisition. Subsequently, when we consider whether they 

are cash-rich firms or not, only vega in cash-rich firms in old economy is significantly positive 
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relation to the likelihood of M&A. The results are consistent with prior literatures and the 

results of univariate tests. Firms in new economy face higher uncertainty and require to hold 

excess cash so excess cash may not have more impact on the effect of ESOs. Then, we consider 

the impact from the acquisition with all-stock payment in panel B. The results are consistent 

because cash-rich firms in old economy with vega is still 22.33% more likely to make M&A. 

Therefore, the results support the hypothesis 2 that the excess cash holding would more 

apparently amplify the risk incentive effect of ESOs on firms in old than in new economy. 

Table 6 reports the announcement effect of M&As by using CAR regression models. Panel 

A contains the whole sample and shows that vega in all types of firms in old economy is 

nonsignificantly positive relation to the announcement effect. Moreover, according to firms in 

new economy, vega only in cash-rich firms is slightly positive relation to the announcement 

effect even if the average CAR (-2, +2) in cash-rich firms is -0.0042. That means, investors 

might are concerned about whether CEO with vega are in cash-rich firms or not. Besides, the 

coefficient of vega in cash-rich firms in old economy is higher than the coefficient in cash-rich 

firms in new economy. It is probably because firms in old economy face less uncertainty and 

can bear more risk when excess cash amplify the risk incentive effect of ESOs. Panel B exclude 

the acquisitions with all-stock payment as all-stock deals would have negative signal. The panel 

B shows that the majority of coefficients of vega are higher than the coefficients in panel A. 

Also, it is consistent with the results of panel A that no matter vega in cash-rich firms in new 

economy or in old economy is positive relation to the announcement effect.  

4.4. Robustness for public targets and non-public targets 

In order to robust the results addressed above, we consider whether the target is a public 

firm or not. The public target might have more bargaining power to negotiate the benefits but 

acquirers might not be willing to pay more cost for M&As due to the uncertainty. Hence, the 

public targets would have negative impact on the likelihood of M&As. Table 7 reports the 

marginal effects of probit models at the mean values because the coefficient estimates in these 

models are difficult to interpret. Panel A contains the whole sample and shows that the public 

target will significantly lower the likelihood of M&As in both cash-rich and non-cash-rich 

firms. Subsequently, we find that vega in cash-rich firms have significantly positive relation 

with the likelihood of M&As even if the target is a public firm. Also, we consider the impact 

from the acquisition with all-stock payment in panel B. The results are consistent because cash-

rich firms with vega are still 6.34% more likely to acquire the public targets. As a result, we 
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provide more empirical evidence to support hypothesis 1 that the excess cash holdings can 

amplify the risk incentive effect of ESOs that induce managers to undertake investment with 

higher idiosyncratic risk via M&As. 

Table 8 reports the announcement effect of M&As by using CAR regression models. Panel 

A contains the whole sample and shows that the coefficient of vega in cash-rich firms with 

public targets is significantly negative while the coefficient of vega in two types of firms with 

non-public targets is nonsignificantly positive. That is, investors truly concern about that 

acquirers may overpay to public targets especially when acquirers have excess cash to support 

the costly investments. Panel B exclude the acquisitions with all-stock payment as all-stock 

deals would have negative signal. Panel B shows the similar results that the coefficient of vega 

in cash-rich firms with public targets is significantly negative but the statistical significance is 

lower at the level of 0.1. Above all, the coefficient of vega in cash-rich firms with non-public 

targets is significantly positive. And, table 1 shows that the public targets is only 20% of 

acquisitions in our sample. Therefore, in general, we provide significant evidence that investors 

react favorably to M&As, excluding the all-stock deals and public targets, given that the risk 

incentive effect of ESOs is enlarged by excess cash holdings. 
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5. Conclusion 

Extending the ESO, cash holdings and mergers and acquisitions literatures, this study 

investigates whether excess cash holdings can enlarge the risk incentive effect of executive 

stock options, ESOs, on idiosyncratic-risk investments with positive NPV via mergers and 

acquisitions. There are four critical point as below. First of all, ESO could induce managerial 

risk-taking, especially for systematic-risk investments, as CEO could trade the market portfolio 

to hedge systematic risk. Second, CEO in cash-rich firms are more likely to bear idiosyncratic 

risk as cash holdings could be view as the buffer to defend against the unexpected shocks. 

Third, M&As are the critical investments for firms and all types of M&As are filled with 

idiosyncratic risk. Forth, idiosyncratic risk is vital to firm’s long-term performance.  

We use S&P 1500 firms from 1992 to 2014 to examine the likelihood and announcement 

effect of M&As. We provide the statistically significant evidence that CEO with vega in cash-

rich firms is 21.76% more likely to make an acquisition while CEO with vega in non-cash-rich 

firms is only 11.52% more likely to make an acquisition. The difference are almost about 

10.24% so excess cash can enlarge the risk incentive effect of ESOs. Furthermore, we consider 

that firms in new economy bear much more idiosyncratic risk so the interaction of ESO and 

excess cash would be strong in old economy firms. The empirical results support the argument 

and show that only CEO with vega in cash-rich firms in old economy are 23.76% more likely 

to make an acquisition at a significance level of 0.01. We also concern about the impact from 

all-stock deals and public targets and the results are consistent. Finally, we show significant 

evidence that investors give positive reaction when CEO with vega in cash-rich firm acquires 

a non-public target and doesn’t adopt the all-stock payment. 

Our contributions are in two dimensions. First, we extend the literatures on ESO which is 

the critical mechanism to overcome managerial risk aversion. Excess cash can amplify the risk 

incentive effect of ESOs that induce CEO to take investments with idiosyncratic risk via M&As. 

Also, the increase in acquisitions apparently happens to the firms in old economy. Second, we 

assure that investors will give positive reaction to an acquisition resulted from the interaction 

of excess cash and ESO. Third, we reexamine the importance of cash holdings for firms to bear 

idiosyncratic risk. 
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Table 1 Descriptive Statistics 
 
This table demonstrates the descriptive statistics for the all variables. There are 17,493 observations that all firms 
are with data on CRSP, COMPUSTAT and ExecuComp, and have 3,057 acquisitions on SDC from 1992 to 2014. 
We exclude observations with missing variables. The table contains tree types of variables including CEO 
compensation, firm characteristics and acquisition variables. Vega is the change in the dollar of the CEO’s option 
holdings for a 1% change in the stock return volatility. Delta is the change in the dollar of the CEO’s stock and 
options for a 1% change in the stock price. Excess cash is the difference between actual cash ratio and predicted 
cash ratio. Cash rich is dummy variable and equal to one if actual cash ratio is greater than predicted cash ratio 
and zero otherwise. Cash holdings/ TA is cash holdings scaled by total assets at the beginning of the fiscal year. 
Ln (Sales) is the natural logarithm of sales in 1990 dollars. Stock return is the firm’s annual stock return. Market-
to-book is market value over total assets. EBITDA/ TA is operating income before depreciation scaled by total 
assets at the beginning of the fiscal year. Market leverage is book debt over market value. Industry M&A liquidity 
is sum of acquisitions value for each year and tree-digit SIC code divided by total assets of all COMPUSTAT 
firms in the same three-digit SIC and year. Herfindahl Index is sum of the squares of the market shares of all firms 
sharing the same three-digit SIC, in which market share is defined as sales of a firm to sum of sales with the 
industry. Acquisition dummy is equal to one if the firm undertakes an acquisition, and to zero otherwise. CAR (-
2, +2) is the cumulative abnormal returns to acquirers over a five-day event window (two days before and two 
days after the announcement date). Relative size is the natural logarithm of the ratio of transaction value of M&A 
to total assets of the acquirer at the end of the fiscal year prior to the acquisition announcement. Public target is 
equal to one if the target is a public firm defined by the SDC M&A database, and zero otherwise. Private target is 
equal to one if the target is a private firm defined by the SDC M&A database, and zero otherwise. Within-industry 
acquisition is equal to one if the acquirer and the target belong to the same 3-digit SIC, and to zero otherwise. All 
cash is equal to one if the transaction is paid with all cash, and to zero otherwise. Competed is equal to one if there 
is more than one bidder, and to zero otherwise. Hostile is equal to one if the acquisition is defined as hostile by 
SDC M&A database, and to zero otherwise. All variables are winsorized at first and 99th percentiles. 
 

Variables Observations Mean 
Standard 

Deviations 

Lower  

Quartile 
Median 

Upper  

Quartile 

CEO Compensation            

Ln (Vega) 17,493  0.1039  0.1568  0.0066  0.0393  0.1244  

Ln (Delta) 17,493  0.4580  0.7186  0.0611  0.1687  0.4842  

Firm Characteristics      

Excess cash 17,493  0.0151  0.1295  -0.0698  -0.0201  0.0630  

Cash rich 17,493  0.4204  0.4936  0  0  1  

Cash holdings/ TA 17,493  0.1643  0.1984  0.0276  0.0871  0.2267  

Total assets ($ million) 17,493  4,570  13,386  423  1,081  3,276  

Ln (Sales) 17,493  7.1184  1.4965  6.0979  7.0004  8.0858  

Stock return 17,493  0.1637  0.5014  -0.1360  0.1029  0.3695  

Market-to-book 17,493  1.9840  1.3118  1.1909  1.5682  2.2674  

EBITDA/ TA 17,493  0.1692  0.1132  0.1045  0.1575  0.2233  

Market leverage 17,493  0.3236  0.2046  0.1588  0.2938  0.4535  

Industry M&A liquidity 17,493  0.0241  0.0453  0  0.0067  0.0264  

Herfindahl index 17,493  0.3078  0.2263  0.1349  0.2441  0.3882  

Acquisition dummy 17,493  0.1748  0.3798  0  0  0  

Acquisition Variables           

CAR (-2, +2 ) 3,057  0.0063  0.0960  -0.0292  0.0038  0.0387  

Relative size 3,057  -2.4788  1.2388  -3.4282  -2.5443  -1.6312  

Public target 3,057  0.1904  0.3927  0  0  0  

Private target 3,057  0.4652  0.4989  0  0  1  

Within-industry acquisition 3,057  0.5087  0.5000  0  1  1  

All cash 3,057  0.4089  0.4917  0  0  1  

Competed 3,057  0.0124  0.1108  0  0  0  

Hostile 3,057  0.0023  0.0478  0  0  0  
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Table 2 Univariate Analysis 
 
We examine the two-sample tests by mean and median difference for vega, delta, excess cash, cash rich and other 
control variables. Panel A reports the results of cash-rich versus non-cash-rich firms. Cash rich firms are firms 
which have greater actual cash ratio than predicted cash ratio; non-cash-rich firms are otherwise. Panel B reports 
the results of firms in new versus in old economy. Firms in new economy are with SIC codes 3570, 3571, 3572, 
3576, 3577, 3661, 3674, 4812, 4813, 5045, 5961, 7370, 7371, 7372, and 7373; firms in old economy are with SIC 
codes less than 4000 and not defined as new economy. Panel C reports the results of cash rich firms in new versus 
in old economy. All variables are defined in Table 1. ***, ** and * stand for statistical significance at the 1%, 5% 
and 10% levels, respectively. 
 

Panel A: Cash-rich Firms versus Non-cash-rich Firms                   

Variables 

Cash-rich Firms   Non-cash-rich Firms 
Mean 
Diff. 

t-value 
Median 

Diff. 
z-value 

Obs. Mean Median 
Std. 

Dev 
  Obs. Mean Median 

Std. 

Dev 

Ln (Vega) 7,354  0.1034 0.0366 0.1594   10,139  0.1043 0.0413 0.1549 -0.0008 -0.35 -0.0047 -2.97*** 

Ln (Delta) 7,354  0.5029 0.1793 0.7680   10,139  0.4255 0.1607 0.6787 0.0774 6.91*** 0.0186 3.77*** 

Excess cash 7,354  0.1282 0.0869 0.1239   10,139  -0.0670 -0.0618 0.0420 0.1952 129.82*** 0.1487 112.64*** 

Cash holdings/TA 7,354  0.3062 0.2564 0.2298   10,139  0.0613 0.0397 0.0664 0.2449 88.72*** 0.2167 77.94*** 

Total assets  
($ million) 

7,354  4,107  922  11,851    10,139  4,907  1,216  14,389  -800 -4.02*** -293 -8.94*** 

Ln (Sales) 7,354  6.8604 6.7315 1.5689   10,139  7.3056 7.1701 1.4127 -0.4452 -19.31*** -0.4386 -13.44*** 

Stock return 7,354  0.1942 0.1204 0.5591   10,139  0.1416 0.0918 0.4538 0.0525 6.63*** 0.0286 3.93*** 

Market-to-book 7,354  2.3350 1.7838 1.5995   10,139  1.7294 1.4539 0.9795 0.6055 28.78*** 0.3299 23.01*** 

EBITDA/TA 7,354  0.1714 0.1580 0.1363   10,139  0.1676 0.1572 0.0929 0.0038 2.05** 0.0008 0.50 

Market leverage 7,354  0.2926 0.2330 0.2254   10,139  0.3461 0.3265 0.1849 -0.0535 -16.70*** -0.0935 -20.67*** 

Industry M&A  

liquidity 
7,354  0.0255 0.0091 0.0443   10,139  0.0231 0.0050 0.0460 0.0024 3.42*** 0.0040 10.61*** 

Herfindahl index 7,354  0.2768 0.2086 0.2227   10,139  0.3303 0.2688 0.2262 -0.0535 -15.54*** -0.0602 -18.42*** 

Acquisition dummy 7,354  0.1648 0 0.3710   10,139  0.1820 0 0.3858 -0.0172 -2.97*** 0.0000 2.95*** 

CAR (-2, +2) 1,212  0.0042 0.0018 0.0766   1,845  0.0077 0.0047 0.1068 -0.0034 -0.97 -0.0029 -1.09 

Relative size 1,212  -2.3837 -2.4719 1.2822   1,845  -2.5413 -2.5903 1.2058 0.1576 3.40*** 0.1184 1.72*** 

Public target 1,212  0.2063 0 0.4048   1,845  0.1799 0 0.3842 0.0263 1.79* 0 1.81** 

Private target 1,212  0.4926 0 0.5002   1,845  0.4472 0 0.4973 0.0454 2.46** 0 2.46*** 

Within-industry  

acquisition 
1,212  0.5206 1 0.4998   1,845  0.5008 1 0.5001 0.0198 1.07 0 1.07 

All cash 1,212  0.4472 0 0.4974   1,845  0.3837 0 0.4864 0.0635 3.5*** 0 3.49*** 

Competed 1,212  0.0165 0 0.1274   1,845  0.0098 0 0.0983 0.0067 1.56 0 1.64** 

Hostile 1,212  0.0017 0 0.0406   1,845  0.0027 0 0.0520 -0.0011 -0.63 0 0.60 
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Panel B: Firms in New versus in Old Economy                   

Variables 
Firms in New Economy  Firms in Old Economy Mean  

Diff. 
t-value 

Mean  

Diff. 
z-value 

Obs. Mean Median Std. Dev   Obs. Mean Median Std. Dev 

Ln (Vega) 2,631  0.1299 0.0524 0.1877   9,625  0.1005 0.0381 0.1522 0.0293  7.38*** 0.0144  6.05*** 

Ln (Delta) 2,631  0.5704 0.2106 0.8250   9,625  0.4077 0.1510 0.6581 0.1627  9.34*** 0.0596  7.59*** 

Excess cash 2,631  0.1036 0.0778 0.1665   9,625  0.0055 -0.0251 0.1180 0.0981  28.34*** 0.1029  24.75*** 

Cash rich 2,631  0.6887 1 0.4631   9,625  0.3839 0 0.4864 0.3048  29.59*** 1  27.85*** 

Cash holdings/TA 2,631  0.3358 0.2877 0.2598   9,625  0.1412 0.0744 0.1776 0.1946  36.19*** 0.2133  32.98*** 

Total assets  
($ million) 

2,631  5,063  758 16,512    9,625  4,692  1,171  14,050  371  1.05 -412  -8.73*** 

Ln (Sales) 2,631  6.5744 6.3294 1.5919   9,625  7.1288 7.0297 1.4697 -0.5545  -16.09*** -0.7003  -14.54*** 

Stock return 2,631  0.2063 0.0917 0.6144   9,625  0.1571 0.1057 0.4718 0.0492  3.81*** -0.0140  -1.03 

Market-to-book 2,631  2.5913 2.0108 1.8071   9,625  1.8823 1.5306 1.1688 0.7089  19.06*** 0.4803  16.96*** 

EBITDA/TA 2,631  0.1648 0.1520 0.1388   9,625  0.1651 0.1562 0.1083 -0.0003  -0.13 -0.0042  -1.56* 

Market leverage 2,631  0.2227 0.1649 0.1855   9,625  0.3300 0.3057 0.1962 -0.1073  -25.96*** -0.1407  -23.52*** 

Industry M&A  
liquidity 

2,631  0.0321 0.0236 0.0352   9,625  0.0253 0.0068 0.0477 0.0068  8.07*** 0.0168  25.76*** 

Herfindahl index 2,631  0.1581 0.1263 0.1050   9,625  0.3269 0.2692 0.2362 -0.1689  -53.43*** -0.1428  -38.05*** 

Acquisition dummy 2,631  0.2763 0 0.4473   9,625  0.1659 0 0.3720 0.1104  11.61*** 0  12.80*** 

CAR (-2, +2) 727 -0.0041 -0.0065 0.0837   1,597  0.0089 0.0051 0.1110 -0.0129  -3.11*** -0.0116  -3.80*** 

Relative size 727 -2.4758 -2.5177 1.2369   1,597  -2.4526 -2.5013 1.2388 -0.0232  -0.42 -0.0163  -0.31 

Public target 727 0.2132 0 0.4099   1,597  0.1960 0 0.3971 0.0172  0.95 0  0.96 

Private target 727 0.6011 1 0.4900   1,597  0.3945 0 0.4889 0.2066  9.44*** 1  9.27*** 

Within-industry  

acquisition 
727 0.6286 1 0.4835   1,597  0.4402 0 0.4966 0.1884  8.55*** 1  8.42*** 

All cash 727 0.4182 0 0.4936   1,597  0.4208 0 0.4938 -0.0026  -0.12 0  0.12 

Competed 727 0.0096 0 0.0977   1,597  0.0163 0 0.1266 -0.0067  -1.38 0  1.26 

Hostile 727 0.0014 0 0.0371   1,597  0.0038 0 0.0612 -0.0024  -1.16 0  0.97 

 

Panel C: Cash-rich Firms in New versus in Old Economy 
                  

Variables 
Cash-rich Firms in New Economy   Cash-rich Firms in Old Economy Mean  

Diff. 
t-value 

Mean  
Diff. 

z-value 
Obs. Mean Median Std. Dev   Obs. Mean Median Std. Dev 

Ln (Vega) 1,812  0.1313 0.0566 0.1840   3,695  0.0953 0.0301 0.1531 0.0360  7.20*** 0.0265  8.38*** 

Ln (Delta) 1,812  0.5864 0.2228 0.8252   3,695  0.4512 0.1604 0.7166 0.1352  5.96*** 0.0623  6.32*** 

Excess cash 1,812  0.1838 0.1565 0.1362   3,695  0.1150 0.0717 0.1197 0.0688  18.32*** 0.0848  18.47*** 

Cash holdings/TA 1,812  0.4355 0.3896 0.2452   3,695  0.2787 0.2288 0.2150 0.1568  23.20*** 0.1609  22.89*** 

Total assets  

($ million) 
1,812  4,017  701  12,130    3,695  4,179  928  13,317  -162  -0.44 -227  -4.58*** 

Ln (Sales) 1,812  6.4042 6.1938 1.5525   3,695  6.8552 6.7528 1.5548 -0.4509  -10.12*** -0.5589  -10.89*** 

Stock return 1,812  0.2394 0.1241 0.6504   3,695  0.1793 0.1180 0.5182 0.0601  3.44*** 0.0061  0.30 

Market-to-book 1,812  2.7947 2.2167 1.8723   3,695  2.2149 1.7346 1.4815 0.5798  11.53*** 0.4821  10.73*** 

EBITDA/TA 1,812  0.1671 0.1538 0.1488   3,695  0.1627 0.1540 0.1323 0.0044  1.12 -0.0002  -0.11 

Market leverage 1,812  0.2003 0.1335 0.1841   3,695  0.2927 0.2444 0.2149 -0.0924  -16.55*** -0.1110  -15.48*** 

Industry M&A  
liquidity 

1,812  0.0317 0.0236 0.0341   3,695  0.0267 0.0085 0.0477 0.0051  4.51*** 0.0151  18.49*** 

Herfindahl index 1,812  0.1577 0.1233 0.1043   3,695  0.3051 0.2416 0.2412 -0.1473  -31.59*** -0.1182  -24.06*** 

Acquisition dummy 1,812  0.2522 0 0.4344   3,695  0.1472 0 0.3544 0.1050  8.93*** 0  9.49*** 

CAR (-2, +2) 457 -0.0042 -0.0065 0.0869   544 0.0099 0.0060 0.0700 -0.0141  -2.78*** -0.0125  -2.95*** 

Relative size 457 -2.5343 -2.6558 1.2243   544 -2.2774 -2.3461 1.3127 -0.2569  -3.18*** -0.3097  -1.93** 

Public target 457 0.2101 0 0.4078   544 0.1967 0 0.3979 0.0134  0.52 0  0.52 

Private target 457 0.6061 1 0.4891   544 0.4191 0 0.4939 0.1870  5.99*** 1  5.89*** 

Within-industry  

acquisition 
457 0.6302 1 0.4833   544 0.4412 0 0.4970 0.1890  6.07*** 1  5.96*** 

All cash 457 0.4573 0 0.4987   544 0.4688 0 0.4995 -0.0114  -0.36 0  0.36 

Competed 457 0.0088 0 0.0932   544 0.0239 0 0.1529 -0.0151  -1.92* 0  1.85** 

Hostile 457 0.0022 0 0.0468   544 0.0018 0 0.0429 0.0004  0.12 0  0.12 
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Table 3 Likelihood of M&As for Cash-rich and Non-cash-rich Firms 
 
The table presents marginal effect of probit analysis in the following models. The dependent variable in probit 

models takes the value of one if the firm undertakes an acquisition. The independent variables are defined in Table 

1. The z-values are given in parentheses. All models include year dummies. Cash-rich and non-cash-rich firms 

are defined in Table 2. Panel A contains all sample. Panel B excludes all-stock deals because these deals would 

have different impact on acquisitions. ***, **, and * stand for statistical significance at the 1%, 5%, and 10% 

level, respectively. 

 
Panel A: All Sample        

 All Cash-rich Non-cash-rich  

Ln (Vega) t-1 0.1651*** 0.2176*** 0.1152***  

  (7.04) (6.23) (3.62)  

Ln (Delta) t-1 -0.0016 -0.0085 0.0026  

  (-0.34) (-1.23) (0.40)  

Cash holdings/TA t-1 0.0408** 0.0988*** 0.2366***  

  (2.35) (3.88) (3.88)  

Ln (Sales) t-1 0.0020 0.0093** -0.0001  

  (0.73) (2.16) (-0.03)  

Market-to-book t-1 -0.0076** -0.0073* -0.0058  

  (-2.38) (-1.80) (-1.06)  

EBITDA/TA t-1 0.0480 -0.0050 0.1097**  

  (1.48) (-0.12) (2.04)  

Stock return t-1 0.0373*** 0.0319*** 0.0409***  

  (5.73) (3.47) (4.33)  

Industry M&A liquidity t-1 0.4446*** 0.4540*** 0.4168***  

  (6.53) (4.06) (4.82)  

Herfindahl index t-1 -0.0520*** -0.0768*** -0.0350**  

  (-3.70) (-3.28) (-1.98)  

Market leverage t-1 -0.1720*** -0.1401*** -0.1490***  

  (-7.96) (-4.46) (-4.66)  

Year fixed effects Yes Yes Yes  

Number of observations 16329 6802 9527  

 

Panel B: Exclude All-stock Deals 
      

 

 All Cash-rich Non-cash-rich  

Ln (Vega) t-1 0.1454*** 0.2009*** 0.0965***  

  (6.27) (5.84) (3.07)  

Ln (Delta) t-1 -0.0041 -0.0109 0.0009  

  (-0.88) (-1.60) (0.14)  

Cash holdings/TA t-1 0.0250 0.0747*** 0.2091***  

  (1.45) (2.98) (3.52)  

Ln (Sales) t-1 0.0012 0.0065 -0.0003  

  (0.44) (1.56) (-0.10)  

Market-to-book t-1 -0.0185*** -0.0165*** -0.0199***  

  (-5.49) (-3.98) (-3.38)  

EBITDA/TA t-1 0.0937*** 0.0462 0.1580***  

  (2.89) (1.10) (2.98)  

Stock return t-1 0.0267*** 0.0217** 0.0302***  

  (4.10) (2.38) (3.21)  

Industry M&A liquidity t-1 0.4097*** 0.3970*** 0.3891***  

  (6.18) (3.68) (4.59)  

Herfindahl index t-1 -0.0443*** -0.0698*** -0.0255  

  (-3.25) (-3.10) (-1.48)  

Market leverage t-1 -0.1814*** -0.1465*** -0.1682***  

  (-8.58) (-4.82) (-5.33)  

Year fixed effects Yes Yes Yes  

Number of observations 16048 6654 9394  
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Table 4 Announcement Effect of M&As for Cash-rich and Non-cash-rich Firms 
 

The table reports coefficient estimates of acquirer returns. Acquirer returns are calculated over a five-day event 

window (two days before and two days after the announcement date). The benchmark returns are the value 

weighted index of returns including dividends for the combined New York Stock Exchange, American Stock 

Exchange, and Nasdaq. The independent variables are defined in Table 1. The t-values are given in parentheses. 

All regressions include year dummies. Cash-rich and non-cash-rich firms are defined in Table 2. The average 

CAR (-2, +2) in all sample, in cash-rich firms and in non-cash-rich firms is 0.0063, 0.0042 and 0.0047, 

respectively. Panel A contains all sample. Panel B excludes all-stock deals because these deals would have 

different impact on acquisitions. ***, **, and * stand for statistical significance at the 1%, 5%, and 10% level, 

respectively. 

 

Panel A: All Acquisitions        

  All Cash-rich Non-cash-rich  

Intercept 0.0275** 0.0441** 0.0171  

  (2.15) (2.38) (0.94)  

Ln (Vega) t 0.0016 0.0058 -0.0025  

  (0.16) (0.42) (-0.19)  

Ln (Delta) t 0.0004 0.0016 -0.0001  

  (0.21) (0.53) (-0.05)  

Cash holdings/TA t -0.0144 -0.0033 -0.0882***  

. (-1.31) (-0.27) (-2.61)  

Ln (Sales) t 0 -0.0012 0.0005  

  (-0.00) (-0.65) (0.28)  

Market-to-book t -0.0043** -0.0060** -0.0009  

  (-2.48) (-2.28) (-0.36)  

EBITDA/TA t 0.0380** 0.0504* 0.0257  

  (2.22) (1.84) (1.17)  

Stock return t 0.0180*** 0.0137** 0.0180*  

  (2.94) (2.45) (1.89)  

Industry M&A liquidity t 0.0768 -0.0072 0.1243  

  (1.18) (-0.17) (1.27)  

Herfindahl index t 0.0034 -0.0051 0.0055  

  (0.49) (-0.51) (0.66)  

Relative size t 0.0038* 0.0016 0.0058*  

  (1.81) (0.62) (1.74)  

Public target t -0.0244*** -0.0230*** -0.0253***  

  (-5.98) (-3.03) (-5.16)  

Private target t 0.0003 -0.0054 0.004  

  (0.06) (-1.00) (0.63)  

Within-industry acquisition t 0.0006 0.0037 -0.0028  

  (0.17) (0.83) (-0.47)  

All cash t 0.0036 0.0077* 0.0003  

  (1.17) (1.74) (0.06)  

Competed t -0.007 -0.0016 -0.0188  

  (-0.66) (-0.12) (-1.05)  

Hostile t -0.0027 -0.0512*** 0.0132  

  (-0.12) (-2.65) (0.51)  

Year fixed effects Yes Yes Yes  

Number of observations 3057 1212 1845  

R-squared 0.0389 0.0634 0.0490  
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Panel B: Exclude All-stock Deals        

  All Cash-rich Non-cash-rich  

Intercept 0.0347** 0.0528*** 0.0286  

  (2.47) (2.71) (1.26)  

Ln (Vega) t 0.0091 0.0161 0.0008  

  (0.91) (1.06) (0.06)  

Ln (Delta) t 0.0004 0.0014 0.0009  

  (0.18) (0.46) (0.34)  

Cash holdings/TA t -0.0091 -0.0017 -0.0896***  

. (-0.77) (-0.13) (-2.61)  

Ln (Sales) t -0.0004 -0.0015 -0.0002  

  (-0.29) (-0.77) (-0.12)  

Market-to-book t -0.0057*** -0.0053** -0.0062  

  (-3.01) (-2.21) (-1.58)  

EBITDA/TAs t 0.0516*** 0.0487* 0.0605***  

  (2.97) (1.80) (2.75)  

Stock return t 0.0167** 0.0126** 0.0191  

  (2.35) (2.15) (1.60)  

Industry M&A liquidity t 0.0688 -0.0047 0.1066  

  (0.96) (-0.11) (0.96)  

Herfindahl index t 0.0026 -0.0099 0.0073  

  (0.39) (-0.98) (0.88)  

Relative size t 0.0058*** 0.0049** 0.0069*  

  (2.70) (2.07) (1.95)  

Public target t -0.0216*** -0.0217*** -0.0215***  

  (-5.09) (-2.87) (-4.09)  

Private target t -0.001 -0.0096* 0.004  

  (-0.20) (-1.88) (0.59)  

Within-industry acquisition t 0.0006 0.0035 -0.0028  

  (0.18) (0.79) (-0.44)  

All cash t 0.0026 0.007 -0.0001  

  (0.84) (1.50) (-0.02)  

Competed t -0.0094 -0.0061 -0.0279  

  (-0.85) (-0.45) (-1.34)  

Hostile t 0.0101 -0.0465*** 0.0261  

  (0.50) (-3.38) (0.95)  

Year fixed effects Yes Yes Yes  

Number of observations 2763 1076 1687  

R-squared 0.0366 0.0566 0.0493  
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Table 5 Likelihood of M&As for Firms in Old and New Economy 
 

The table presents marginal effect of probit analysis in the following models. The dependent variable in probit 

models takes the value of one if the firm undertakes an acquisition. The independent variables are defined in Table 

1. The z-values are given in parentheses. All models include year dummies. Firms in new economy and in old 

economy are defined in Table 2. Under these two subsamples, we continue to decompose them into cash-rich and 

non-cash-rich firms as defined in Table 2. Panel A contains all sample. Panel B excludes all-stock deals because 

these deals would have different impact on acquisitions. ***, **, and * stand for statistical significance at the 1%, 

5%, and 10% level, respectively. 
 
Panel A: All Sample               

  Firms in Old Economy   Firms in New Economy 

  All Cash-rich Non-cash-rich   All Cash-rich Non-cash-rich 

Ln (Vega) t-1 0.1418*** 0.2376*** 0.0612   0.1515** 0.1667 0.0435 

  (4.23) (4.68) (1.37)   (2.24) (1.57) (0.33) 

Ln (Delta) t-1 -0.0207*** -0.0317*** -0.0085   0.0447*** 0.0203 0.0588** 

  (-2.91) (-2.96) (-0.88)   (3.31) (1.10) (2.27) 

Cash holdings/TA t-1 0.0096 0.0481 0.2022**   -0.0232 0.1006 0.1439 

  (0.36) (1.30) (2.20)   (-0.54) (1.43) (0.76) 

Ln (Sales) t-1 0.0082** 0.0061 0.0113**   0.0223** 0.0353* 0.0319* 

  (2.20) (1.02) (2.37)   (2.51) (1.90) (1.93) 

Market-to-book t-1 -0.0299*** -0.0245*** -0.0359***   0.0114 0.0089 0.0378** 

  (-5.84) (-3.95) (-4.11)   (1.45) (0.93) (1.97) 

EBITDA/TAs t-1 0.2407*** 0.1788*** 0.2947***   -0.1992** -0.2432* -0.1232 

  (5.30) (3.07) (4.12)   (-2.21) (-1.66) (-0.58) 

Stock return t-1 0.0223** 0.0200 0.0229*   0.0598*** 0.0421 0.0947** 

  (2.34) (1.48) (1.72)   (3.23) (1.51) (2.26) 

Industry M&A liquidity t-1 0.2575*** 0.2108 0.2577**   1.4733*** 1.2796 1.4263* 

  (2.99) (1.51) (2.34)   (3.28) (1.63) (1.77) 

Herfindahl index t-1 -0.0638*** -0.0815*** -0.0502**   0.0200 0.1455 -0.3755 

  (-3.59) (-2.79) (-2.23)   (0.19) (1.08) (-1.61) 

Market leverage t-1 -0.1935*** -0.1144*** -0.2259***   -0.3702*** -0.3161* -0.3592** 

  (-6.37) (-2.62) (-5.12)   (-4.68) (-1.93) (-2.25) 

Year fixed effects Yes Yes Yes   Yes Yes Yes 

Number of observations 8990 3390 5600   2429 1704 725 

 

Panel B: Exclude All-stock Deals               

  Firms in Old Economy   Firms in New Economy 

  All Cash-rich Non-cash-rich   All Cash-rich Non-cash-rich 

Ln (Vega) t-1 0.1399*** 0.2233*** 0.0692   0.0836 0.1252 -0.0286 

  (4.25) (4.52) (1.58)   (1.26) (1.19) (-0.22) 

Ln (Delta) t-1 -0.0240*** -0.0329*** -0.0138   0.0430*** 0.0205 0.0582** 

  (-3.35) (-3.10) (-1.42)   (3.32) (1.04) (2.45) 

Cash holdings/TA t-1 -0.0038 0.0292 0.1869**   -0.0062 0.1085 0.0882 

  (-0.14) (0.80) (2.07)   (-0.15) (1.32) (0.53) 

Ln (Sales) t-1 0.0080** 0.0042 0.0115**   0.0184** 0.0279 0.0291* 

  (2.20) (0.73) (2.46)   (2.17) (1.47) (1.89) 

Market-to-book t-1 -0.0358*** -0.0317*** -0.0381***   -0.0069 -0.0068 0.0093 

  (-6.80) (-4.95) (-4.39)   (-0.87) (-0.70) (0.46) 

EBITDA/TA t-1 0.2736*** 0.2200*** 0.3141***   -0.0859 -0.1069 -0.0603 

  (6.03) (3.79) (4.45)   (-0.96) (-0.90) (-0.29) 

Stock return t-1 0.0170* 0.0131 0.0182   0.0361** 0.0245 0.0547 

  (1.80) (0.99) (1.37)   (1.96) (0.97) (1.36) 

Industry M&A liquidity t-1 0.2453*** 0.2764** 0.1996*   1.3870*** 0.7932 1.6216** 

  (2.89) (2.07) (1.82)   (3.07) (1.11) (1.97) 

Herfindahl index t-1 -0.0592*** -0.0681** -0.0485**   -0.0742 0.0424 -0.2880 

  (-3.41) (-2.43) (-2.19)   (-0.73) (0.35) (-1.37) 

Market leverage t-1 -0.1925*** -0.1166*** -0.2176***   -0.3773*** -0.3143 -0.4585*** 

  (-6.45) (-2.74) (-5.03)   (-4.96) (-1.57) (-3.05) 

Year fixed effects Yes Yes Yes   Yes Yes Yes 

Number of observations 8887 3352 5535   2295 1609 686 
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Table 6 Announcement Effect of M&As for Firms in Old and New Economy 
 
The table reports coefficient estimates of acquirer returns. Acquirer returns are calculated over a five-day event 
window (two days before and two days after the announcement date). The benchmark returns are the value 
weighted index of returns including dividends for the combined New York Stock Exchange, American Stock 
Exchange, and Nasdaq. The independent variables are defined in Table 1. The t-values are given in parentheses. 
All regressions include year dummies. Firms in new economy and in old economy are defined in Table 2. Under 
these two subsamples, we continue to decompose them into cash-rich and non-cash-rich firms as defined in Table 
2. The average CAR (-2, +2) in all firms in old economy, cash-rich firms in old economy, all firms in new economy 
and cash-rich firms in new economy is 0.0089, 0.0099, -0.0041 and -0.0042, respectively. Panel A contains all 
sample. Panel B excludes all-stock deals because these deals would have different impact on acquisitions. ***, 
**, and * stand for statistical significance at the 1%, 5%, and 10% level, respectively. 
 
Panel A: All Acquisitions               

  Firms in Old Economy   Firms in New Economy 

  All Cash-rich Non-cash-rich   All Cash-rich Non-cash-rich 

Intercept 0.0636** 0.0586** 0.0713   0.0093 0.0293 -0.0333 

  (2.52) (2.22) (1.55)   (0.37) (0.79) (-0.79) 

Ln (Vega) t 0.0148 0.013 0.0185   -0.0008 0.0023 -0.0374 

  (0.95) (0.68) (0.87)   (-0.04) (0.09) (-0.90) 

Ln (Delta) t -0.0027 0.0001 -0.0019   0.0026 0.0041 0.0017 

  (-0.64) (0.01) (-0.38)   (0.62) (0.66) (0.33) 

Cash holdings/TA t -0.015 0.0095 -0.1767**   -0.0109 -0.0112 -0.0443 

. (-0.63) (0.46) (-2.21)   (-0.73) (-0.52) (-0.61) 

Ln (Sales) t -0.0012 0.0005 -0.0042   -0.0036 -0.0039 -0.0002 

  (-0.59) (0.19) (-1.17)   (-1.30) (-1.05) (-0.03) 

Market-to-book t -0.0039 -0.003 -0.0035   -0.0069** -0.0084* -0.004 

  (-1.47) (-0.95) (-0.61)   (-2.05) (-1.76) (-0.72) 

EBITDA/TA t -0.0104 -0.013 0.0004   0.1161*** 0.1091* 0.1529** 

  (-0.52) (-0.39) (0.02)   (2.78) (1.89) (2.00) 

Stock return t 0.0316** 0.0248*** 0.0338*   0.0139* 0.0133 0.012 

  (2.43) (2.64) (1.66)   (1.95) (1.50) (0.87) 

Industry M&A liquidity t 0.1056 -0.0175 0.1531   -0.164 -0.1862 -0.0163 

  (1.02) (-0.31) (1.10)   (-1.11) (-0.97) (-0.06) 

Herfindahl index t 0.008 -0.0015 0.0112   0.0072 -0.0388 0.0484 

  (0.92) (-0.12) (1.14)   (0.16) (-0.64) (0.53) 

Relative size t 0.0081** 0.0073** 0.0086*   -0.0080** -0.0072 -0.0062 

  (2.56) (2.37) (1.70)   (-2.04) (-1.33) (-1.06) 

Public target t -0.0222*** -0.0211** -0.0204***   -0.0371*** -0.0339** -0.0389** 

  (-4.66) (-2.22) (-3.30)   (-3.28) (-1.99) (-2.47) 

Private target t 0.0049 -0.0037 0.0072   -0.0121 -0.0076 -0.0133 

  (0.59) (-0.59) (0.69)   (-1.26) (-0.56) (-0.89) 

Within-industry acquisition t -0.0048 -0.0023 -0.0077   0.0071 0.0095 0.0015 

  (-0.90) (-0.37) (-0.86)   (1.03) (1.03) (0.13) 

All cash t -0.0023 0.0047 -0.0074   0.0114* 0.0138* 0.0102 

  (-0.44) (0.77) (-0.93)   (1.93) (1.68) (1.03) 

Competed t -0.0207* -0.0149 -0.027   0.0241 0.0597* -0.0301 

  (-1.70) (-0.95) (-1.12)   (0.67) (1.86) (-0.44) 

Hostile t -0.0111 -0.1041*** 0.0067   -0.0025 -0.0126  

  (-0.38) (-3.32) (0.23)   (-0.15) (-0.57)  

Year fixed effects Yes Yes Yes   Yes Yes Yes 

Number of observations 1597 544 1053   727 457 270 

R-squared 0.0569 0.1102 0.0759   0.1080 0.1204 0.1735 

  
  



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

 

31 

 

Panel B: Exclude All-stock Deals             

  Firms in Old Economy   Firms in New Economy 

  All Cash-rich Non-cash-rich   All Cash-rich Non-cash-rich 

Intercept 0.0635** 0.0515* 0.0825   0.0176 0.0441 -0.0093 

  (2.33) (1.95) (1.46)   (0.63) (1.11) (-0.19) 

Ln (Vega) t 0.0173 0.0097 0.0273   0.0174 0.0239 -0.0187 

  (1.08) (0.51) (1.17)   (0.79) (0.87) (-0.42) 

Ln (Delta) t -0.0033 0.0006 -0.004   0.0036 0.0038 0.0074 

  (-0.73) (0.13) (-0.74)   (0.85) (0.61) (1.22) 

Cash holdings/TA t -0.0102 0.0243 -0.1775*   -0.0099 -0.0203 -0.0667 

. (-0.37) (1.09) (-1.91)   (-0.63) (-0.92) (-0.89) 

Ln (Sales) t -0.001 0.0012 -0.0048   -0.0043 -0.0057 -0.0026 

  (-0.46) (0.45) (-1.11)   (-1.53) (-1.50) (-0.46) 

Market-to-book t -0.0048 -0.0043 -0.0072   -0.0096*** -0.0077 -0.0121* 

  (-1.61) (-1.34) (-0.92)   (-2.71) (-1.60) (-1.94) 

EBITDA/TA t -0.0033 -0.0093 0.0199   0.1628*** 0.1237* 0.2388*** 

  (-0.16) (-0.27) (0.78)   (3.59) (1.96) (3.09) 

Stock return t 0.0329** 0.0305*** 0.0332   0.0076 0.009 0.0029 

  (2.14) (3.19) (1.33)   (1.00) (0.91) (0.20) 

Industry M&A liquidity t 0.1035 -0.0111 0.1445   -0.0686 -0.0687 -0.2874 

  (0.90) (-0.20) (0.90)   (-0.41) (-0.34) (-0.87) 

Herfindahl index t 0.0076 -0.0036 0.013   0.023 0.0166 0.0349 

  (0.91) (-0.29) (1.35)   (0.46) (0.25) (0.33) 

Relative size t 0.0089*** 0.0085*** 0.0091*   -0.0043 -0.0018 -0.0069 

  (2.74) (2.69) (1.76)   (-1.13) (-0.38) (-1.04) 

Public target t -0.0225*** -0.0236** -0.0183***   -0.0339*** -0.0309* -0.0320* 

  (-4.52) (-2.48) (-2.62)   (-3.02) (-1.94) (-1.72) 

Private target t 0.005 -0.0044 0.0082   -0.0153 -0.013 -0.0123 

  (0.56) (-0.70) (0.73)   (-1.62) (-1.04) (-0.78) 

Within-industry acquisition t -0.005 -0.0019 -0.0086   0.004 0.0038 0.0031 

  (-0.89) (-0.30) (-0.89)   (0.54) (0.39) (0.23) 

All cash t -0.0022 0.0072 -0.0083   0.0104 0.0145 0.0104 

  (-0.43) (1.15) (-0.98)   (1.60) (1.59) (0.95) 

Competed t -0.0181 -0.0116 -0.0257   0.0111 0.0493 -0.1499*** 

  (-1.47) (-0.72) (-0.96)   (0.27) (1.59) (-6.07) 

Hostile t 0.0217 NA 0.0166   -0.0330* -0.0416*  

  (0.83) NA (0.53)   (-1.87) (-1.90)  

Year fixed effects Yes Yes Yes   Yes Yes Yes 

Number of observations 1494 514 980   590 372 218 

R-squared 0.0570 0.1327 0.0745   0.1021 0.1119 0.2154 
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Table 7 Likelihood of M&As for Cash-rich Firms in Old and New Economy 
 

The table presents marginal effect of probit analysis in the following models. The dependent variable in probit 

models takes the value of one if the firm undertakes an acquisition. The independent variables are defined in Table 

1. The z-values are given in parentheses. All models include year dummies. Public targets are targets which are 

identified as public firms by the SDC M&A database; non-public targets are otherwise. Under these two 

subsamples, we continue to decompose them into cash-rich and non-cash-rich firms as defined in Table 2. Panel 

A contains all sample. Panel B excludes all-stock deals because these deals would have different impact on 

acquisitions. ***, **, and * stand for statistical significance at the 1%, 5%, and 10% level, respectively. 
 
Panel A: All Sample           

  Public Targets   Non-public Targets 

  Cash-rich Non-cash-rich   Cash-rich Non-cash-rich 

Ln (Vega) t-1 0.0740*** 0.0445***   0.1353*** 0.0691** 

  (5.27) (3.19)   (3.98) (2.26) 

Ln (Delta) t-1 0.0002 -0.0021   -0.0084 0.0061 

  (0.08) (-0.66)   (-1.28) (1.01) 

Cash holdings/TA t-1 0.0404*** 0.1448***   0.0657*** 0.1241** 

  (3.56) (5.25)   (2.77) (2.15) 

Ln (Sales) t-1 0.0131*** 0.0106***   -0.0043 -0.0108*** 

  (7.26) (6.42)   (-1.03) (-3.15) 

Market-to-book t-1 -0.0017 -0.0032   -0.0062* -0.0023 

  (-0.93) (-1.14)   (-1.66) (-0.45) 

EBITDA/TA t-1 -0.0133 0.0226   0.0102 0.1005** 

  (-0.68) (0.87)   (0.26) (2.00) 

Stock return t-1 0.0047 0.0080*   0.0284*** 0.0356*** 

  (1.11) (1.74)   (3.35) (4.07) 

Industry M&A liquidity t-1 0.0767 0.0999**   0.3959*** 0.3482*** 

  (1.54) (2.57)   (3.84) (4.29) 

Herfindahl index t-1 -0.0387*** -0.0166*   -0.0432** -0.0221 

  (-3.36) (-1.87)   (-2.00) (-1.34) 

Market leverage t-1 -0.0272* -0.0381**   -0.1189*** -0.1142*** 

  (-1.91) (-2.38)   (-4.06) (-3.85) 

Year fixed effects Yes Yes   Yes Yes 

Number of observations 5848 8212   6540 9184 

 

Panel B: Exclude All-stock Deals           

  Public Targets   Non-public Targets 

  Cash-rich Non-cash-rich   Cash-rich Non-cash-rich 

Ln (Vega) t-1 0.0634*** 0.0401***   0.1218*** 0.0521* 

  (4.93) (3.19)   (3.62) (1.72) 

Ln (Delta) t-1 0.0002 -0.0051*   -0.0109* 0.0060 

  (0.08) (-1.72)   (-1.67) (1.00) 

Cash holdings/TA t-1 0.0217** 0.1205***   0.0548** 0.1089* 

  (1.99) (5.02)   (2.35) (1.91) 

Ln (Sales) t-1 0.0106*** 0.0094***   -0.0053 -0.0100*** 

  (6.54) (6.49)   (-1.32) (-2.97) 

Market-to-book t-1 -0.0034* -0.0060**   -0.0144*** -0.0154*** 

  (-1.81) (-2.20)   (-3.72) (-2.81) 

EBITDA/TA t-1 -0.0018 0.0374   0.0517 0.1375*** 

  (-0.09) (1.60)   (1.33) (2.77) 

Stock return t-1 0.0011 0.0024   0.0203** 0.0283*** 

  (0.28) (0.54)   (2.41) (3.23) 

Industry M&A liquidity t-1 0.0660 0.0554   0.3423*** 0.3561*** 

  (1.47) (1.55)   (3.42) (4.47) 

Herfindahl index t-1 -0.0400*** -0.0096   -0.0361* -0.0174 

  (-3.69) (-1.22)   (-1.74) (-1.08) 

Market leverage t-1 -0.0224* -0.0367**   -0.1284*** -0.1383*** 

  (-1.75) (-2.56)   (-4.51) (-4.67) 

Year fixed effects Yes Yes   Yes Yes 

Number of observations 5667 8139   6451 9124 
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Table 8 Announcement Effect of M&As for Cash-rich Firms in Old and New Economy 
 
The table reports coefficient estimates of acquirer returns. Acquirer returns are calculated over a five-day event 
window (two days before and two days after the announcement date). The benchmark returns are the value 
weighted index of returns including dividends for the combined New York Stock Exchange, American Stock 
Exchange, and Nasdaq. The independent variables are defined in Table 1. The t-values are given in parentheses. 
All regressions include year dummies. Public targets are targets which are identified as public firms by the SDC 
M&A database; non-public targets are otherwise. Under these two subsamples, we continue to decompose them 
into cash-rich and non-cash-rich firms as defined in Table 2. Panel A contains all sample. Panel B excludes all-
stock deals because these deals would have different impact on acquisitions. ***, **, and * stand for statistical 
significance at the 1%, 5%, and 10% level, respectively. 
 

Panel A: All Acquisitions           

  Public Targets   Non-public Targets 

  Cash-rich Non-cash-rich   Cash-rich Non-cash-rich 

Intercept -0.021 0.0207   0.0682*** 0.0293 

  (-0.56) (0.54)   (3.16) (1.34) 

Ln (Vega) t -0.0572** -0.022   0.0181 0.0106 

  (-2.30) (-0.79)   (1.11) (0.72) 

Ln (Delta) t 0.0126** -0.0017   -0.001 0.0007 

  (2.30) (-0.25)   (-0.26) (0.26) 

Cash holdings/TA t -0.0384 -0.1188*   -0.0005 -0.0621* 

. (-1.49) (-1.73)   (-0.04) (-1.68) 

Ln (Sales) t -0.0007 -0.0053   -0.0024 0.0008 

  (-0.18) (-1.58)   (-1.09) (0.44) 

Market-to-book t -0.0067 0.0074   -0.0056* -0.004 

  (-1.47) (1.49)   (-1.87) (-1.38) 

EBITDA/TA t 0.1112 0.0388   0.0406 0.0272 

  (1.59) (0.85)   (1.37) (1.09) 

Stock return t 0.0147 0.0054   0.0148** 0.0217* 

  (0.93) (0.44)   (2.54) (1.90) 

Industry M&A liquidity t 0.1276 0.2315***   -0.0506 0.1198 

  (1.21) (3.02)   (-1.11) (0.87) 

Herfindahl index t -0.0292 -0.0142   -0.0003 0.0087 

  (-1.10) (-0.71)   (-0.03) (0.94) 

Relative size t -0.0091* -0.0109***   0.005 0.0107** 

  (-1.67) (-2.80)   (1.58) (2.41) 

Private target t     -0.0078 0.0048 

      (-1.43) (0.72) 

Within-industry acquisition t 0.0274** -0.0104   -0.0007 -0.0011 

  (2.18) (-1.37)   (-0.14) (-0.17) 

All cash t 0.0295** 0.0148*   0.0017 -0.0059 

  (2.57) (1.85)   (0.35) (-1.10) 

Competed t 0.0016 -0.0317   -0.0103 0.0009 

  (0.09) (-1.38)   (-0.64) (0.05) 

Hostile t -0.0503** 0.0425**     

  (-2.14) (2.52)     

Year fixed effects Yes Yes   Yes Yes 

Number of observations 250 332   962 1513 

R-squared 0.2321 0.2147   0.0578 0.0474 
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Panel B: Exclude All-stock Deals           

  Public Targets   Non-public Targets 

  Cash-rich Non-cash-rich   Cash-rich Non-cash-rich 

Intercept -0.0503 0.0169   0.0760*** 0.0374 

  (-1.26) (0.38)   (3.43) (1.39) 

Ln (Vega) t -0.0651* 0.0072   0.0319* 0.0046 

  (-1.95) (0.24)   (1.81) (0.34) 

Ln (Delta) t 0.0088 -0.0086   -0.0002 0.0023 

  (1.14) (-1.25)   (-0.05) (0.90) 

Cash holdings/TA t -0.0262 -0.0612   -0.005 -0.0784** 

. (-0.79) (-0.88)   (-0.35) (-2.08) 

Ln (Sales) t 0.0021 -0.0038   -0.0029 0.0002 

  (0.45) (-1.20)   (-1.34) (0.10) 

Market-to-book t -0.0100* 0.0028   -0.0048* -0.0084* 

  (-1.84) (0.49)   (-1.84) (-1.80) 

EBITDA/TA t 0.0909 0.0489   0.0444 0.0621** 

  (1.21) (0.92)   (1.53) (2.55) 

Stock return t 0.0247 -0.0053   0.0131** 0.0239* 

  (1.16) (-0.45)   (2.16) (1.75) 

Industry M&A liquidity t 0.1183 0.1371*   -0.0447 0.1282 

  (1.13) (1.84)   (-0.98) (0.86) 

Herfindahl index t -0.0373 0.0026   -0.003 0.0069 

  (-1.42) (0.13)   (-0.28) (0.75) 

Relative size t -0.0062 -0.0100**   0.0069*** 0.0110** 

  (-1.13) (-2.22)   (2.60) (2.38) 

Private target t     -0.0112** 0.0047 

      (-2.19) (0.66) 

Within-industry acquisition t 0.0243** -0.0046   0.0005 -0.0021 

  (2.12) (-0.52)   (0.10) (-0.32) 

All cash t 0.0331** 0.0123   0.0021 -0.0051 

  (2.51) (1.38)   (0.43) (-0.95) 

Competed t 0.0101 -0.0503*   -0.0125 0.0137 

  (0.55) (-1.73)   (-0.85) (0.80) 

Hostile t -0.0303 0.0548***     

  (-1.08) (2.67)     

Year fixed effects Yes Yes   Yes Yes 

Number of observations 194 255   882 1432 

R-squared 0.2464 0.2055   0.0683 0.0529 

 


