PAGE  
13

Does Firms Going Green Pay Off in the Long-Run? 

The Case in Taiwan. 
  Chin-Chen Chien
Department of Accountancy, National Cheng Kung University, Taiwan (R.O.C)

Chih-Wei Peng
Department of Accounting and Information, Asia University, Taiwan (R.O.C) 
Ya-Yun Cheng
Department of Accountancy, National Cheng Kung University, Taiwan (R.O.C)

December 2009

Correspondence author: Professor, Chin-Chen Chien. Tel: 06-2757575 Ext.53431, Fax: 06-2744104, E-mail: chien442001@yahoo.com.tw. The authors thanks JBR's Editor-in-Chief, Arch Woodside, for his helpful suggestions on this paper. The authors acknowledge financial support provided by National Science Council, Taiwan (NCS 83-0301-H006-030). 
Does Firms Going Green Pay Off in the Long-Run?  
The Case in Taiwan.
Abstract
This study utilizes the unique disclosures made by the public listed companies in Taiwan to examine the impact of investment in pollution control on the long-run financial performance.  The mandatory disclosures allow us to break down the pollution control investments into pollution prevention and end-of-pipe pollution control so that their different impacts on financial performance can be examined.  Using a sample of five major polluting industries in Taiwan from 1989 to 2006, we show that firms moving forward proactively with pollution prevention investments have significantly outperformed their counterparts reacting sluggishly with end-of-pipe solutions.   
Keywords: Pollution control investment; pollution prevention investment; end-of-pipe pollution control investment; long-term financial performance; voluntary overcompliance. 
Does Firms Going Green Pay Off in the Long-Run?  The Case in Taiwan
I. Introduction
The relationship between financial performance and pollution control investment has been extensiely examined for decades with mixed results.  In his influential paper, Spicer (1978) claims that firms with better pollution control records tend to have higher profitability, lower systematic risk and higher price to earnings ratios than firms with poorer such records.  His assertions have been nullified by the ensuing studies such as Chen and Metcalf (1980), Smith and Sims (1985), Jaggi and Freedman (1992), and Mathur and Mathur (2000), among others, that claim investing in pollution control activities resulting in lower overall profitability by diverting resources to a fundamentally non-productive use.  However, more recent studies such as Dowell et al. (2000), Al-Tuwaijri et al. (2004), Clarkson and Li (2004), and Clemens (2006) in generally have found a favorable association between better green performance and higher financial performance.   
These mixed results can be largely attributed to the failure of identifying the nature of pollution control investments.  Pollution can be prevented either at the end-of-the-pipe to capture pollutants for disposal or in the production process with upgraded facilities (Russo and Fouts, 1997; Schmidheiny, 1992).  The end-of-pipe solutions rely on external recycling and recovery of waste, and are typically applied after the production of materials or goods.  It is a traditional approach that has often been implemented by corporations in prior years in response to mandatory regulation.  On the other hand, pollution prevention processes are a relatively more recent phenomenon (Boer et al., 1998).  Under these categories, some technically feasible options include reductions in wastes and pollutants by modifying production systems, equipment and operations, using different raw materials, product redesign or reformulation, and institution of in-process recycling (Oldenburg, 1987).  
Although it is indubitable that the costs defrayed for the end-of-pipe solution would eventually drag down financial performance, many multinational corporations (MNCs) have testified that pollution prevention technologies may not only be less costly than end-of-pipe treatment, but may in some cases generate additional monetary benefits.  As a result, there is a tendency that MNCs move from end-of-pipe towards pollution prevention environmental management approaches.
Environmental protection has risen dramatically as a public priority in many countries.  Taiwan, like many other high flyer economies, has also troubled with the problem of environmental pollution.  In order to balance economic growth and environmental protection, the Taiwanese government enacted the Statute for Upgrading Industries in 1991.  This statute not only advocates very strict environmental protection policies, but also provides tax incentives for pollution control investments.  Additionally, the Taiwanese Financial Supervisory Commission also requires publicly listed firms to disclose their environmental capital expenditure in their annual reports. 
The purpose of this paper is to utilize the unique disclosure requirements stipulated by the Taiwanese authorities to investigate the impact of investments in pollution control on the long-run financial performance.   Sarkis and Cordeiro (2001) is one of the first to look at possible performance differences between pollution prevention and end-of-pipe efficiencies with short-run financial performance.  They are unable to examine the long-run relationship due to the limitation of data availability.   They propose to solve the data limitation problem with data envelopment analysis (DEA) models to estimate the pollution prevention ratio and end-of-pipe ratio.  Their empirical results show that pollutin prevention and end-of-pipe efficiencies are both negatively related to return on sales (ROS), and that this negative relationship is larger and more significant for pollution prevention efficiencies. 
In this study we attempt to improve their work in the following aspects.  Firstly, we manually collecte the related data to remedy the deficiency of measurement errors associated with DEA models.  Secondly, we switch from their focus on short-term findings to a longer-time (up to 5+ years) horizon.
The sample used for this study includes the following five highly polluting industries: cement, plastics, chemical, paper-and-pulp, and iron and steel.  Our major findings include: (1) firms tend to invest in pollution control facilities at the prosperous year, (2) the investment in pollution control facilities drags down short-run financial performance but not the long-run, (3) the negative short-run performance can be attributed to the investment in end-of-pip pollution control facilities, and most importantly, (4) there is a significant difference for both short-run and long-run performance between firms investing in pollution prevention facilities and end-of-pipe pollution control facitilities.   
The major contributions of this study is to provide emirical evidence that the impact of pollution control investment on financial performance is a far more complicated issue than previous research has suggested.  Our results have certain economic implications for management, government, and accouting standard setting bodies.  Firstly, although the pollution prevention solutions impose the cost burden, management should realize that it also improves productivity.  In the end, this overcompliance strategy winds up with a win-win situation for both the entrepreneurs and the society as a whole.  Secondly, the government should provide different tax credit between betterment and abatement pollution control investment to encourage firms upgrade their production facilities instead of wasting their economic resources.  Finally, current accounting standards stipulate that all expenditures for pollution control require capitalization as fixed assets.  These standards are inconsistent with the definition of assests in the Statement of Financial Accounting Concept (SFAC) No. 6.  It stipulates that only the expenditures which have future economic benefit can be capitalized as assets.  In order to compliance with SFAC No. 6, we suggests that only the investments in betterment pollution control equipment can be capitalized because of their positive long-run effects on financial performance.  On the contrary, the investments in end-of-pipe pollution control should be expensed because they have no future economic benefit.  Consequently, the proposed standards will courage managers to upgrade production facilities with high effiency and less pollution.   The economic consequence of this accounting standard will solve the conflict between two long-debated goals of financial statements: representational faithfulness and macroeconomic development of a nation.
The rest of this paper is organized as follows. Section II  presents the research issues.  Section III describes the research method.  Section IV presents the empirical results, and Section V concludes this study.
II .  Research Issues
There are typically two competing theories in literature to addresss the relationship between pollution control investment and financial performance.  The traditional one asserts that investing in pollution control activities resulting in lower overall profitability by diverting economic resources to a fundamentally non-productive use.
 On the other hand, the overcompliance theory suggests that economic benefits can arise from better pollution control investment.

It is evident that the traditional theory can only justify the end-of-pipe pollution control investments, which usually entail expensive, non-productive equipment to achieve compliance with existing environmental regulationsDrobny, N.L. and Land, R.K., 1995. Global environmental management in the 21st century. ENR 234 16, pp. 49–52..  Such investments are actually detrimental, because they drag financial performance down by diverting resources to a fundamentally non-productive function in order to meet societal standards for controlling pollution and protecting public health (Hart, 1995; Russo and Fouts, 1997; Drobny, N.L. and Land, R.K., 1995. Global environmental management in the 21st century. ENR 234 16, pp. 49–52.Sarkis and Cordeiro, 2001).  However, the overcompliance theory is evident by many MNCs that have successfully implemented pollution prevention investment, such as 3M’s Pollution Prevention Pays (PPP) program and Dow’s Waste Reduction Always Pays (WRAP) program that have produced substantial cost savings. (Hart, 1995; Stead and Stead, 1996).  Accordingly, these two types of pollution control investments are expected to have different impact on financial performance. 
However, a common feature of previous studies is that they were unable to identify whether the pollution control investment is to replace the obsolete facilities or to alleviate end-of-pipe problem.  We extend this line of research to examine the impact of these two types of pollution control investment on financial performance by utilizing the pollution control investment disclosures requested by the Taiwanese authorities.  The disclosures allow us to identify whether the pollution control investment is for betterment or abatement purposes.  Thus, we can examine whether the pollution prevention and end-of-the-pipe solutions have different impact on long-run financial performance.  It is a far more subtle issue that hasn’t been carefully explored in literature largely due to the limitations of data availability.  We also develop a more sophisticated statistical method that applys factor analysis to integrate different financial performance measures.  This integrated performance index can prevent confliting results among those different accounting indicators such as return on assets (ROA), return on equity (ROE), earnings per share (EPS), and cash flows to assets (CFA), etc. that have been used in prior research to measure financial performance. 
The issues we attempt to investigate are: (1) is the impact of pollution control investment on financial performance significant? And more importantly, (2) is the impact of pollution prevention solutions on financial performance significantly different from that of end-of-the-pipe solution in the long-run?  The first issue has been examined extensively in literature with mixed results due to different research methods as well as different data set.  However, the second issue, to our best knowledge, has been investigated by Sarkis and Cordeiro (2001) only.  Due to the limitation of data availability, they have to employ a two-stage approach of (1) calculating DEA efficiency scores and (2) using these efficiency scores as dependent variables for a multiple regression model that incorporates firm characteristics and performance.  They find that overall there is a negative correlation between environmental performance and short-term financial performance, and that pollution prevention results had a larger negative relationship than end-of-pipe results.  However, they also provide certain caveats about the measurement problem of employing DEA and broach the intriguing subject of extending this line of research to a longer-term (5+ years) horizon.  We are much obliged to them for their pioneering works in this regard. 
III. Research Method
Sample information 
The sample used for this study includes firms in thses highly polluted industry: cement, plastics, chemical, paper-and-pulp, and iron and steel.  The financial variables and stock returns are retrieved from the Taiwan's SFI (Securities and Futures Institute) database and the Taiwan Economic Journal (TEJ) Database for the period 1989-2006.  The environmental capital expenditure information, such as the date, amount, purposes, and the expected benefit of each pollution control investment are manually collected from annual financial reports.  
The pollution control investments are catetorized into pollution prevention equipment and end-of-pipe pollution control equipment according to nature of the investment disclosed in the annual report.  We apply the principle of proportionality to classify firms into these two categories at the year when firms have made both types of pollution control investments.  In the end, we have 106 observations for firms with pollution prevention investment and 53 observations for firms with end-of-pipe pollution control investment.  Overall, the sample suggests that firms tend to over-comply with the environmental protection regulations.
Empirical Model 
We follow Jaggi and Freedman (1992) that use four accounting indicators, namely, return on assets (ROA), return on equity (ROE), earnings per share (EPS), and cash flows to total assets (CFA) to measure financial performance.  However, unlike many studies that use individual indicator to measure performance, we perform factor analysis with Varimax rotation to identify the factor patterns.  The factor analysis yields only one factor (eigenvalue greater than one) for these four variables, and its factor score essentially represents an index that integrates these four performance measures.  It should be noted that the factor score is a standardized number. 
We then follow the approach of Megginson et al. (1994) that use different window to calculate the short-term and long-run financial performance.  The short-term performance is measured for each firm’s factor score over the pre- and post-investment windows (pre-investment: years -1 and post-investment: years +1).  The long-run financial performance is comprised of a three-year window and a five-year window, respectively.  They are the differences of the three- and five-year averaged factor scores over the pre- and post-investment windows. 
In addition to the conventional t-test, we also employ the following regression model that controls the market-to-book ratio, the size, and the systematic risk as proposed by Fama and French (1992) to test the impact of pollution control investment on long-run financial performance.  
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where Performancei is the difference of factor score for these two windows.  Performance1 represents the difference of factor scores between Avg (+1,+3) and Avg(-3,-1), Performance2 represents the difference of factor scores between Avg (+1,+5) and Avg(-5,-1), and Better is a dummy variable set to 1 if the firm makes pollution prevention investment, and 0 if it makes end-of-pipe pollution control investment.
The control variable MTB represents the difference between the market’s appraisal of firm value and the estimate of the value aggregated from GAAP-mandated accounting transactions (Smith and Watts, 1992; Gaver and Gaver, 1993).  It serves as a proxy for the growth opportunity.  The control variable Size is the natural logarithm of total assets.  Finally, control variable Beta is to measure a firms' systematic risk.  
IV. Empirical Results
Table 1 reports the descriptive statistics for the variables used in this study.  The means of Performance0, Performance1 and Performance2 are 0.11, -0.03, -0.02, respectively.  The mean Pollution (dummy variable) is 0.22, suggesting that about 22 percent of the sample firms make pollution control investment disclosures in their annual reports.  The mean of dummy variable Better is 0.67, suggesting that the majority of the pollution control investments are for prevention purposes.  For the control variables, the means of MTB, Size, and beta are 1.43, 15.62, and 0.75, respectively. 
	Table 1 about here.


Table 2 provides the empirical results of the t-statistics that compare the financial performance between firms with pollution control investment and firms without pollution control investment in different subperiods.  The first three lines show that there are no significant differences in financial performance between these two groups of samples before the pollution control investments are made.  However, there is a significant positive difference in financial performance between them at the year when pollution control investments are made (T=0), and a significant negative difference between them one year later (T=1).  The differences and t-statistics are 0.33 and 3.90 for T=0 and -0.29 and -2.80 for T=1, respectively.  Both are significant at an one-percent confidence level.  The results suggest that firms tend to make pollution control investments at the time when they perform better.  Nevertheless, the pollution control investments drag down the financial performance substantially for the subsequent period.  The mean Performance0 for firms with/without pollution control investment are -0.22 and 0.19, respectively.  The difference is -0.41 with t-statistic -2.89, which is significant at an one-percent confidence level.  The results are consistent with Chen and Metcalf (1980), Simith and Sims (1985), Jaggi and Freedman (1992), etc. that pollution control investment has negative short-term impact on financial performance.  Nevertheless, the results also show that the t-statistics of Performance1 (the difference between Avg (+1,+3) and Avg(-3,-1) ) and Performance2 (the difference between Ave(+1,+5) and Avg(-5,-1) are all insignificant, suggesting that investment in pollution control has no significant impact on financial performance on a long-run basis.
	Table 2 about here.


Table 3 reports the empirical results of a more intriguing issue that compares the financial performance between firms with pollution prevention investments and firms with end-of-the-pipe pollution control investments.  There are literally no significant differences in terms of financial performance between these two groups of firms during the pre-investment period.  However, the end-of-the-pipe pollution control investments have dragged down the financial performance more drastically than the pollution prevention investments at T=1 (-0.63 vs. -0.05 with a t-statistic of 2.35, which is significant at a five-percent confidence level).  
Table 3 further shows that the differences of Performance0 and Performance1 between these two groups are both significant at a five-percent confidence level (0.71 and 0.30 with t-statistics 2.26 and 2.05).  The preliminary results support our suppositions that the firms with investments in pollution prevention significantly outperform their counterparts with investment in end-of-the-pipe pollution control. 

	Table 3 about here.


Table 4 reports the empirical results of regressional analyses with dependent variables Performance1 and Performance2, respectively.  The maximum VIF value is 1.03, far under the recommended maximum value of 10, indicating that multicolinearity is not a problem. The coefficients of Better are 0.35 and and 0.27, and are significant at a one-percent and five-percent significance level, respectively.  The results show that pollution prevention investment rather than end-of-the-pipe pollution control investment has a positive impact on long-term financial performance. 
	Table 4 about here.


Another question of interest is to investigate whether the improvement in financial performance from pre-investment to post-investment is greater for the treatment sample (firms with pollution prevention investment) than it is for the control sample (firms with end-of-pipe pollution control investment).  We include pre-investment financial performance variable (Prior1 or Prior2) in regression models.  The empirical results are shown in Table 5.  The coefficients of Better for Performance1 and Performance2 are 0.33 and 0.25, respectively.  The former is significant at a one percent confidence level, while the later is significant a five-percent confidence level, respectively. 
	Table 5 about here.


We further conduct robust tests to enhance internal validity.  Firstly, we employ Tobin’s Q as alternative financial performance measure.  It has been asserted that Tobin’s Q is a more appealing measure of market value since it reflects the market’s expectation regarding the cash flows that a firm’s asset base can generate (Amit and Wernerfelt, 1990).  We follow Chung and Pruitt’s (1994) to calculate the theoretical Tobin’s Q and use it as alternative financial performance measure.  The empirical results are reported in Table 6.  It indicates that Better has a significant positive effect on Tobin’s q (coefficient =0.40, p<0.05), which is consistent with previous results. 
	Table 6 about here.


Secondly, we leave out those firms that have made both pollution prevention and end-of-pipe pollution control investments without applying the proportionality principle to lessen the confounding effect.  The results are reported in Table 7.  It shows that the coefficients of Better are 0.49 and 0.32, respectively.  They are significant at a one-percent confidence level and a five-percent confidence level.  
	Table 7 about here.


V. Conclusions
The relationship between pollution control investment and firm’s financial performance is an intricate issue and has been examined extensively by researchers for decades with conflicting results.  We exploit the mandatory disclosure of pollution control investments made by the public listed companies in Taiwan to further explore this intriguing issue.  Our results show that pollution control investment taken as a whole drag down firm’s financial performance.  However, we find that the poor financial performance is largely caused by the end-of-pipe pollution control investments.  The finding suggests that managers should avoid adopting an environmental management strategy based on end-of-pipe investment alone.
Moreover, our findings indicate that pollution prevention investment rather than end-of-pipe pollution control investment has a positive effect on long-term financial performance.  They suggest that pollution prevention investment can not only lower their negative environmental impacts, but also improve their bottom line by triggering innovations and ultimately lowering the costs of compliance.  Accordingly, firms should be aware that pay attention to their environmental responsibility not only benefit the wider society, but also strengthen their own business with sound pollution control investment.  Afterall, our research indicates that pollution prevention measures have economic as well as environmental advantages over more conventional ‘end-of-pipe’ solutions.  It is not surprising that they have been warmly received in developing countries.
This paper also has some limitations that can form the basis of future research in this area. First, this study provides indirect evidence to support the benefits of voluntary environmental overcompliance, in that firms with better pollution records can improve their long-term financial performance.  However, future research can demonstrate more direct evidence to validate the theory of overcompliance. Another limitation of the study is that the sample consists of five highly polluting industries in Taiwan, namely cement, plastics, chemical, paper–and-pulp, and the iron and steel. Hence, the conclusions of the present study cannot generalize to other industries without further work, and future research might explore on this topic.
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Table 1 Descriptive statistics

	Variable
	N
	Mean
	Std. Dev.
	Minimum
	Maximum

	Performance0
	717
	0.11
	1.32
	-8.43
	5.58

	Performance1
	671
	-0.03
	0.88
	-3.14
	3.26

	Performance2
	596
	-0.02
	0.75
	-3.06
	2.16

	Pollution
	717
	0.22
	0.42
	0
	1

	Better
	159
	0.67
	0.47
	0
	1

	MTB
	717
	1.43
	1.01
	0.07
	9.20

	Size
	717
	15.62
	1.12
	13.20
	19.55

	Beta
	717
	0.75
	0.31
	-0.45
	1.57


Note: Performance0 represents the difference of factor scores between the investment year t+1 and the investment year t-1, Performance1 represents the difference of factor scores between Avg (+1,+3) and Avg(-3,-1), and Performance2 represents the difference of factor scores between Avg (+1,+5) and Avg(-5,-1). Pollution is an indicator variable with the value of 1 for firms with pollution control investment and 0 for firms without pollution control investment.  Better is an indicator variable with the value of 1 for firms with pollution prevention investment and 0 for firms with end-of-pipe pollution control investment.  MTB is the ratio of the market value of equity to the book value of equity.  Size is the natural logarithm of total assets.  Beta is estimated by running an OLS regression of individual stock returns on market returns.
 Table 2 Comparison of the financial performance between firms with/without pollution control investments 
	
	Pollution control investments
	
	Significance tests of the difference

	
	With
	
	Without
	
	

	Period
	N
	Mean
	Std. Dev.
	
	N
	Mean
	Std. Dev
	
	Diff
	t-stat

	Avg(-5,-1)
	136
	-0.09
	0.50
	
	460
	-0.01
	 0.50
	
	-0.08
	-1.75

	Avg(-3,-1)
	150
	-0.01
	0.59
	
	521
	-0.02
	 0.61
	
	0.01
	 0.34

	T=-1
	159
	-0.02
	1.05
	
	558
	-0.14
	 0.84
	
	0.12
	 1.29

	T=0
	159
	0.21
	0.97
	
	558
	-0.12
	 0.83
	
	0.33
	 3.90a

	T=1
	159
	-0.24
	1.23
	
	558
	 0.05
	 0.92
	
	-0.29
	-2.80a

	Avg(+1,+3)
	150
	0.02
	0.68
	
	521
	-0.06
	 0.57
	
	0.08
	1.47

	Avg(+1,+5)
	136
	-0.01
	 0.53
	
	460
	-0.05
	 0.51
	
	0.04
	 0.75

	Performance0
	159
	-0.22
	1.68
	
	558
	0.19
	1.19
	
	-0.41
	 -2.89a

	Performance1
	150
	0.03
	0.85
	
	521
	-0.04
	 0.89
	
	0.07
	 0.85

	Performance2
	136
	0.08
	0.75
	
	460
	-0.04
	 0.74
	
	0.12
	 1.68


Note: 1. Avg (-5,-1) represents the average financial performance from T=-5 to T=-1. Avg (-3,-1) represents the average financial performance from T=-3 to T=-1. T=-1 represents the financial performance one year preceeding to the investment. T=0 represents the financial performance in the investment year.  T=1 presents the financial performance one year subsequent to the investment. Avg (+1, +3) represents the average financial performance from T=+1 to T=+3. Avg (+1, +5) presents the average financial performance from T=+1 to T=+5. Performance0 represents the difference of factor scores between T= 1 and T=-1, Performance1 represents the difference of factor scores between Avg (+1,+3) and Avg(-3,-1), and Performance2 represents the difference of factor scores between Avg (+1,+5) and Avg(-5,-1). 
     2. The Satterthwaite t-test is used for unequal variances, otherwise the pooled t-test.
3. a and b represent significance at the 1% and 5% levels with the two-tail test, respectively.
Table 3 Comparison of the financial performance between firms with pollution prevention investments and firms with end-of-pipe pollution control investments

	
	Pollution control investments
	
	Significance tests of the difference

	
	Pollution prevention investments
	
	End-of-pipe pollution control investments
	
	

	Period
	N
	Mean
	Std. Dev.
	
	N
	Mean
	Std. Dev.
	
	Diff
	t-stat

	Avg(-5,-1)
	88
	-0.14
	0.51
	
	48
	-0.01
	0.45
	
	-0.13
	-1.48

	Avg(-3,-1)
	95
	-0.06
	0.61
	
	55
	0.09
	0.55
	
	-0.15
	-1.50

	T=-1
	106
	-0.07
	1.03
	
	53
	0.06
	1.10
	
	-0.13
	-0.71

	T=0
	106
	0.13
	 0.95
	
	53
	0.35
	0.99
	
	-0.22
	-1.34

	T=1
	106
	-0.05
	 0.83
	
	53
	-0.63
	1.72
	
	0.58
	 2.35b

	Avg(+1,+3)
	95
	0.08
	0.68
	
	55
	-0.07
	0.65
	
	0.15
	1.26

	Avg(+1,+5)
	88
	0.02
	0.57
	
	48
	-0.08
	0.43
	
	0.10
	1.22

	Performance0
	106
	0.02
	 1.40
	
	53
	-0.69
	 2.07
	
	0.71
	 2.26b

	Performance1
	95
	0.14
	0.85
	
	55
	-0.16
	0.85
	
	0.30
	2.05b

	Performance2
	88
	0.16
	0.08
	
	48
	-0.07
	0.66
	
	0.23
	1.78


Note: 1. Avg (-5,-1) represents the average financial performance from T=-5 to T=-1. Avg (-3,-1) represents the average financial performance from T=-3 to T=-1. T=-1 represents the financial performance one year preceeding to the investment. T=0 represents the financial performance in the investment year.  T=1 presents the financial performance one year subsequent to the investment. Avg (+1, +3) represents the average financial performance from T=+1 to T=+3. Avg (+1, +5) presents the average financial performance from T=+1 to T=+5. Performance0 represents the difference of factor scores between T= 1 and T=-1, Performance1 represents the difference of factor scores between Avg (+1,+3) and Avg(-3,-1), and Performance2 represents the difference of factor scores between Avg (+1,+5) and Avg(-5,-1). 
     2. The Satterthwaite t-test is used for unequal variances, otherwise the pooled t-test.
3. a and b represent significance at the 1% and 5% levels with the two-tail test, respectively.
Table 4 Regressions of long-run financial performance with control variables
	     Dependent Variable: Performance1
	     Dependent Variable: Performance2

	Independent variables
	Parametric
	t-value
	p-value
	Independent variables
	Parametric
	t-value
	p-value

	Intercept
	-3.27a
	-3.39
	<0.01
	Intercept
	-2.23b
	-2.35
	0.02

	Better
	 0.35a
	2.56
	0.01
	Better
	 0.27b
	 2.07
	0.04

	MTB
	-0.18a
	-2.61
	0.01
	MTB
	-0.15a
	 -2.22
	0.03

	Size
	0.21a
	3.42
	<0.01
	Size
	0.15a
	2.48
	0.01

	Beta
	0.21
	1.01
	 0.31
	Beta
	0.08
	0.41
	0.68

	F(p-value)
	6.75 (p<0.01)
	F(p-value)
	4.02 (p<0.01)

	Adjusted R2
	0.14
	Adjusted R2
	0.08

	N
	150
	N
	136


Note: 1.Performance1 represents the difference of factor scores between Avg (+1,+3) and Avg(-3,-1).  Performance2 represents the difference of factor scores between Avg (+1,+5) and Avg(-5,-1).  Better is an indicator variable with the value of 1 for firms with pollution prevention investment and 0 for firms with end-of-pipe pollution control investment.  MTB is the ratio of the market value of equity to the book value of equity.  Size is the natural logarithm of total assets.  Beta is estimated by running an OLS regression of individual stock returns on market returns.
2. a and b represent significance at the 1% and 5% levels with the two-tail test, respectively.
3. The maximum VIF is 1.03 and this is much less than 5.
Table 5 Regressions of long-run financial performance on different control investments by controlling the the pre-investment windows financial performance.

	     Dependent Variable: Performance1
	     Dependent Variable: Performance2

	Independent variables
	Parametric
	t-value
	p-value
	Independent variables
	Parametric
	t-value
	p-value

	Intercept
	-3.13a
	-3.56
	<0.01
	Intercept
	-2.36a
	-2.82
	<0.01

	Better
	 0.33a
	2.65
	<0.01
	Better
	0.25b
	2.16
	0.03

	MTB
	-0.31a
	-4.58
	<0.01
	MTB
	-0.30a
	-4.67
	<0.01

	Size
	0.22a
	3.95
	<0.01
	Size
	0.18a
	3.32
	<0.01

	Beta
	0.01
	0.02
	0.99
	Beta
	-0.11
	-0.68
	0.50

	Prior1
	 0.33a
	3.60
	<0.01
	Prior2
	0.26a
	2.76
	<0.01

	Better*

Prior1
	0.01
	0.01
	0.99
	Better*

Prior2
	0.14
	1.28
	0.20

	F(p-value)
	10.68 (p<0.01)
	F(p-value)
	10.51(p<0.01)

	Adjusted R2
	0.28
	Adjusted R2
	0.30

	N
	150
	N
	136


Note: 1.Performance1 represents the difference of factor scores between Avg (+1,+3) and Avg(-3,-1).  Performance2 represents the difference of factor scores between Avg (+1,+5) and Avg(-5,-1).  Better is an indicator variable with the value of 1 for firms with pollution prevention investment and 0 for firms with end-of-pipe pollution control investment.  MTB is the ratio of the market value of equity to the book value of equity.  Size is the natural logarithm of total assets.  Beta is estimated by running an OLS regression of individual stock returns on market returns.  Prior1 and Prior2 are the differences between investment year and pre-investment windows for years -3 to -1 and -5 to -1, respectively.
2. a and b represent significance at the 1% and 5% levels with the two-tail test, respectively.
3. The maximum VIF is 1.03 and this is much less than 5.
Table 6 Regressions of Tobin’s q on different control investments

	Dependent Variable: Tobin’s q

	Independent 
variable
	Parametric
	Standard
Error
	t-value
	p-value

	Intercept
	-2.61b
	1.18
	-2.21
	0.03

	Better
	0.40b
	0.16
	2.45
	0.02

	Size
	0.15b
	0.07
	2.02
	0.05

	ROE
	-3.50a
	1.29
	-2.70
	<0.01

	SG
	0.01
	0.01
	1.41
	0.16

	Prior1
	0.56a
	0.16
	3.58
	<0.01

	Better*Prior1
	0.03
	0.14
	0.18
	0.86

	F (p-value)=6.20 (p<0.01), Adjusted R2=0.16, N=159


Note: 1. Tobin’s q ratio is measured using the estimation method suggested by Chung and Pruitt (1994), where q= (Market Value of Equity+Preferred Stocks+Debt)/Total Assets. Better is an indicator variable with the value of 1 for pollution prevention investment and 0 for end-of-pipe pollution control investment.  Size is defined as the logarithm of assets.  ROE is defined as the net income to average equity.  SG is defined as the ratio of current sales to prior five year average sales.  Prior1 represents the difference of factor score between the investment year t and Avg (-3,-1).
2. a and b represent significance at the 1% and 5% levels with the two-tail test, respectively. 

3. The maximum VIF is 3.42 and this is less than 5.
Table 7 Regressions of long-run financial performance on different control investments by controlling for the potential mis-classification of firms

	     Dependent Variable: Performance1
	     Dependent Variable: Performance2

	Independent variables
	Parametric
	t-value
	p-value
	Independent variables
	Parametric
	t-value
	p-value

	Intercept
	-4.98a
	-4.38
	<0.01
	Intercept
	-3.79a
	-3.49
	<0.01

	Better1
	0.49a
	3.32
	<0.01
	Better1
	0.32b
	2.36
	0.02

	MTB
	-0.29a
	-3.32
	<0.01
	MTB
	-0.33a
	-3.79
	<0.01

	Size
	0.34a
	4.63
	<0.01
	Size
	 0.28a
	3.96
	<0.01

	Beta
	-0.01
	-0.04
	0.97
	Beta
	-0.21
	-1.04
	0.30

	Prior1
	0.34a
	3.17
	<0.01
	Prior2
	0.28a
	3.32
	0.02

	Prior1*Better1
	-0.09
	-0.62
	0.54
	Prior2*Better1
	-0.01
	-0.10
	0.92

	F(p-value)
	9.16 (p<0.01)
	F(p-value)
	7.34 (p<0.01)

	Adjusted R2
	0.32
	Adjusted R2
	0.29

	N
	105
	N
	94


Note: 1. Performance1 represents the difference of factor scores between Avg (+1,+3) and Avg(-3,-1).  Performance2 represents the difference of factor scores between Avg (+1,+5) and Avg(-5,-1).  Better1 is an indicator variable with the value of 1 for pollution prevention investment and 0 for end-of-pipe pollution control investment.  MTB is the ratio of the market value of equity to the book value of equity. Size is the natural logarithm of total assets.  Beta is estimated by running an OLS regression of individual stock returns on market returns.  Prior1 represents the difference of factor scores between the investment year t and Avg (-3,-1).  Prior2 represents the difference of factor scores between the investment year t and Avg (-5,-1).
2. a and b represent significance at the 1% and 5% levels with the two-tail test, respectively.
3. The maximum VIF is 1.25.
















































� For example, see Chen and Metcalf (1980), Smith and Sims (1985), Jaggi and Freedman (1992), and Mathur and Mathur (2000), among others.





� For example, see Salop and Scheffman (1987), Porter and van der Linde (1995), Arora and Gangopadhyay (1995), and King and Lenox (2001), among others. 
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