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Abstract 
We empirically investigate the relationship between environmental management and economic 
performance using such data as environmental rating, credit rating, and accumulated earnings ra-
tio of companies listed in the manufacturing sector on the first section of the Tokyo Stock Ex-
change. We performed a path analysis using two types of structural equation modeling: Model A 
with a terminal economic performance path and Model B with a terminal environmental man-
agement path. As a result, we found that Model B has better goodness of fit in the path analysis 
than does Model A. This is because it is natural to place the economic performance path before the 
environment management path since companies pursue profits for stockholders. We also confirm- 
ed that in Model B, the path from the accumulated earnings rate to environmental management 
has a significantly negative coefficient. This suggests that two groups of enterprises exist: profit- 
oriented and environment-oriented companies. Since our results are based on Japanese compa-
nies, it is advisable to investigate further to generalize the results worldwide. 
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1. Introduction 
In recent years, environmental problems such as global warming have become more serious; they have become 
urgent global concerns. These problems are due to the rapid increase in the amount of waste discharged, as hu-
man production activity has progressed quickly. Environmental problems have a great influence on the safety of 
our everyday lives. In order to cope with global environmental problems, attention has been given to the estab-
lishment of an international environmental protection organization, national environmental regulations, laws, 
and corporate social responsibility (CSR). While social concern about CSR increases, the idea of socially re-
sponsible investing (SRI), which considers environmental issues, has gained popularity. Because of these social 
demands, financial products such as “SRI funds” and “environmental rating loans,” which invest in companies 
excellent at dealing with environmental problems, are becoming more popular. Here, a dilemma arises between 
environmental protection, that is, environmental management, and economic development or economic perfor-
mance. 

The previous research includes many studies that examine models in which environmental management mea- 
sures such as environmental regulation or an environmental impact index are used as antecedent factors (ex-
plaining variables) and economic performance is used as an explained variable. We call these types of models 
“Model A.” Model A assumes that the promotion of environmental management provides some sort of benefit to 
corporate management. References [1]-[6] found positive correlations between environmental management and 
economic performance. References [7]-[10], however, found negative correlations between the two. There is al-
so research that uses economic performance as an antecedent factor (explaining variable) and environmental 
management as an explained variable [11]. We call the model used in this research “Model B.” Model B assum- 
es that the economic performance of a company advances its efforts at environmental management. Walley and 
White head [11] claim that economic performance and environmental management have a trade-off relationship. 
It has not yet been verified which model best describes the relationship between environmental management and 
economic performance. In this study, in order to reveal the relation mechanism of environmental management 
and economic performance, we clarify which serves as an explaining variable and an explained variable using 
data on company size, financial indicators, environmental management, and economic performance. 

Nikkei Inc.’s environmental management rating research is the first environmental rating of companies in Ja-
pan. Now, several publishing and newspaper companies provide similar environmental rating evaluations. Sev-
eral studies use environmental ratings to study the relationship between environmental management and econo- 
mic performance. Russo and Fouts [12] used the environmental rating of the Franklin Research and Develop-
ment Company, and Managi [13] used the environmental rating of the Sustainable Management Rating Institute. 
The environmental rating of Nihon Keizai Shimbun is used in [14]-[17]. While the environmental rating is used 
as a nonfinancial ranking, credit rating ranks companies based on financial value. A company’s credit rating 
evaluates whether it has the ability to pay the principal and interest of adebenture within the term of redemption. 
Thus, a high credit rating enables a company to lower the cost of fundraising. Furthermore, disclosure to the 
credit rating agency and improving management transparency result in increased management efficiency [18]. 
Ratings play an important role in addressing the “asymmetry of information” between investors and issuers. 
Therefore, it is understood that the environmental rating and credit rating are important information, providing 
an indispensable infrastructure for financial markets. 

In this study, we use the credit ratings of the Ranking Investment Advisory Center (R & I) to measure econo- 
mic performance and the environmental rating of Nihon Keizai Shimbun as an evaluation of environmental ma- 
nagement. In previous studies on the relation between environmental management and economic performance, 
sales or the number of employees have been often used as indexes of company size [7] [12] [19] [20] [21]. We 
examine these two company size indexes and then define a new company index more suitable for our study. The 
financial indicators we use here are the accumulated earnings ratio, the interest-bearing debt ratio [22], and cash 
flow. Since the accumulated earnings ratio is a measure of a company’s surplus benefits [23], and it affects the 
enterprise’s actions and decision making, it is interesting to investigate empirically the accumulated earnings ra-
tio’s effect on environmental management and economic performance [24] [25].  

The purpose of this research is as follows. First, we introduce a new index, the standardized index of company 
size from sales and number of employees (SICS) [26], which incorporates both sales and the number of em-
ployees, and verify the appropriateness of the new index through path analysis. Second, we use path analysis to 
investigate environmental management and economic performance in terms of the mechanism of company ma-  
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nagement and clarify which is the antecedent factor (explaining variable) or explained variable. Finally, we stu- 
dy the influence of a surplus of benefits (accumulated earnings ratio) on environmental management and econo- 
mic performance, and from the results, we show the existence of a company group investing a surplus of bene-
fits in environmental management. 

This paper is organized as follows. The data we use in this study are described in Section 2. Section 3 presents 
our method of analysis. In Section 4, we discuss company size indexes and define a new company size index. In 
Section 5, we compare Models A and B. In Section 6, we discuss the accumulated earnings ratio’s effect on en-
vironmental management and economic performance. Finally, we conclude in Section 7. 

2. Data 
The companies we consider here belong to the manufacturing industry and are listed on the first section of the To- 
kyo Stock Exchange. We used the data disclosed in 2010-2013 after the economic downturn precipitated by the 
Lehman Brothers bankruptcy in 2008 and chose 142 companies that disclosed data every year during the period 
2010-2013 (31 chemistry and medical supply companies, 23 electrical machinery and apparatus companies, 17 
machine companies, 13 transportation apparatus companies, 15 food companies, 10 companies producing other 
products, seven pulp and paper companies, six precision instrument companies, five nonferrous metals companies, 
five glass and soil-and-stone product companies, four textile companies, three steel companies, two rubber com-
panies, and one oil and coal products company). 

2.1. Environmental Management Data 
The environmental rating data, which quantify environmental management, were extracted from the 13th 
(2010), 14th (2011), 15th (2012), and 16th (2013) Nikkei Environmental Management Rating Research In-
vestigation Reports by Nihon Keizai Shimbunsya [27]-[30]. 

The Nikkei environmental management rating (environmental rating) evaluates the environmental man-
agement of companies based on five items: environmental management promotion, countermeasures against 
pollution, resource circulation, environmental measures applied to products and global warming. We used 
the total score for the five items as the environmental rating. 

2.2. Economic Performance Data 
We used companies’ credit ratings to measure their economic performance. The data were obtained from the 
credit ratings by Rating & Investment Information Inc. (R & I) in February 2010 [31], March 2011 [32], March 
2012 [33], and March 2013 [34]. The credit ratings were originally evaluated using letter grades—AAA, AA+, 
etc.—but in this research we performed the numeric conversion shown in Table 1. 

2.3. Company Size and Financial Indicators 
We used two company size indexes: sales and number of employees. The financial indicators we consider here 
are the accumulated earnings ratio, the interest-bearing debt ratio, and cash flow. The data on company size and 
financial indicators were extracted from the Spring 2010-2013 Japan Company Hand books by Toyo Keizai 
Shinpo Sha [35]. The accumulated earnings ratio is defined as accumulated earnings to gross assets. The inter-
est-bearing debt ratio is defined as interest-bearing debt to gross assets. Cash flow means the value of the operat- 
ing cash flow over interest-bearing debt. 

3. Method of Analysis 
In this research, we assume that some relationships exist between company size, financial indicators, environ-
mental management, and economic performance. To reveal the relationships, we performed path analysis using 
Amos version 21.0. Various models were examined in the path analysis, and the models were evaluated using 
goodness of fit indexes such as root mean square error of approximation (RMSEA), goodness of fit index (GFI), 
adjusted GFI (AGFI) and comparative fit index (CFI). The better model is indicated by the lower RMSEA. In 
general, when the RMSEA is less than 0.06, the model is considered good enough [36]. When the RMSEA is 
more than 0.10, the model is not good enough. The maximum value of the GFI is 1, and a good model is indi-
cated by a value close to 1. The AGFI is an adjusted version of the GFI; it also takes 1 at the maximum. If the 
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AGFI is greater than 0.90, then the model is considered good enough. The maximum value of the CFI is 1, and a 
good model is indicated by a value close to 1. 

We consider two models as described in Figure 1 and Figure 2, which illustrate the initial paths in the path 
analysis. To investigate the relations among attributes (sales, number of employees, accumulated earnings ratio, 
interest-bearing debt ratio, and cash flow), we first drew bidirectional arrows among all of them. To avoid com-
plexity, some of the bidirectional arrows are omitted in the figures. The model in Figure 1 (Model A) has a path 
that ends with the credit rating, and the model in Figure 2 (Model B) has a path that ends with the environmen-
tal rating. We performed the path analysis as follows. First, to examine the correlations among the four antece-
dent factors of company size (sales and the number of employees), accumulated earnings ratio, interest-bearing 
debt ratio, and cash flow, we drew bidirectional arrows (paths). Next, we drew single-direction arrows (paths) to 
environmental management (environmental rating) and economic performance (credit rating) from all four an-
tecedent factors. Then, we tried to find the optimal solution by discarding the insignificant paths one by one. The 
path analysis was performed for Models A and B, and the goodness of fit was measured using RMSEA, GFI, 
AGFI, and CFI. 

4. Introduction of a New Company Size Index 
4.1. Sales and Number of Employees as a Company Size Index 
For Models A and B, using the two variables of sales and number of employees, we performed path analysis to 
environmental rating and credit rating with the other financial indicators as initial factors: the accumulated- 
earnings ratio, interest-bearing debt ratio, and cash flow. Then, we examined which measure of company size 
was a better index. Figure 3 shows the result of the path analysis for Model A-1 with the data from 2013. In the 
figure, the values shown by unidirectional arrows indicate standardized regression coefficients and the values 
shown by bidirectional arrows indicate correlation coefficients. Hereafter, these indications are also applied for 
other figures. The result shows that while sales have no significant influence on environmental rating, they have 
a positive influence on credit rating. On the other hand, number of employees has no significant influence 
 
Table 1. Numeric conversion of credit ratings.                                                                 

 AAA AA+ AA AA− A+ A A− BBB+ BBB BBB− Less than BB+ 

Value 10 9 8 7 6 5 4 3 2 1 0 

 

 
Figure 1. Model A: Environmental rating is placed before credit rating.          
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Figure 2. Model B: Credit rating is placed before environmental rating.       

 

 
Figure 3. Model A-1: Results from the data in 2013; (a) Fit measures: 
RMSEA = 0.029, GFI = 0.985, AGFI = 0.954, CFI = 0.998; (b) Squared mul-
tiple correlations (SMC): environmental rating (0.22), credit rating (0.60); (c) 
p < 0.05 (including p < 0.001 and p < 0.01).                                 

 
on credit rating, but it has positive influence on environmental rating. It turned out that sales and number of em-
ployees have different influences on environmental rating and credit rating. Thus, sales and number of employ- 
ees cannot be considered the same variable having the same properties. Our other findings are as follows. The 
accumulated earnings ratio has significant positive influence on credit rating. The interest-bearing debt ratio and 
cash flow are not significant. Environmental rating was found to have significant influence on the credit rating. 
Figure 4 shows the results of Model B-1 using path analysis. We find that sales have significant positive influ-
ence only on credit rating, and number of employees has significant positive influence only on environmental ra- 
ting. Model B-1 is similar to Model A-1 with regard to influence of sales and number of employees on credit rating 
and environmental rating. Moreover, while the accumulated earnings ratio has significant influence on credit 
rating, it has significant negative influence on environmental rating. It is also verified that the interest-bearing 
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Figure 4. Model B-1: Results from the data in 2013. (a) Fit measures: 
RMSEA = 0.068, GFI = 0.982, AGFI = 0.932, CFI = 0.998; (b) SMC: environ- 
mental rating (0.54), credit rating (0.29); (c) p < 0.05 (including p < 0.001 and 
p < 0.01).                                                        

 
debt ratio and cash flow have no significant influence in Model B-1. Credit rating has significant positive influ-
ence on environmental rating. 

From the results of Model A-1 and B-1, we find that sales and number of employees are inconsistent as an 
index of company size. Therefore, it is preferable to use another, better index that produces consistent results. In 
order to construct an effective index of company size, we propose to use the SICS [26], which consists of a sum 
of the standardized sales and the standardized number of employees, and examine the SICS using path analysis. 
The SICS is defined as follows. Let iS  and iE  be sales and number of employees, respectively, for the i-th 
company. These values are standardized as 

S i
i

S

S S
σ
−

=

 
and E i

i
E

E E
σ
−

=                             (1) 

where S  and E  are average values of sales and number of employees, respectively, and Sσ  and Eσ  are 
standard deviations of sales and number of employees, respectively. Using iS  and iE , we define a new com-
pany index as 

i i iSICS S E= + 

.                                   (2) 

We call this the SICS. 

4.2. Analysis Using SICS 
Figure 5 and Figure 6 show the results of Models A-2 and B-2, respectively, with SICS. It is found that SICS 
has significant positive influence on both environmental rating and credit rating. The goodness of fit results are 
found to be RMSEA = 0.029 (Model A-1), RMSEA = 0.068 (Model B-1), RMSEA = 0.000 (Model A-2), and 
RMSEA = 0.000 (Model B-2). Thus, Models A-2 and B-2, which use SICS, have better goodness of fit results. 
Other fit indexes such as GFI, AGFI and CFI are also consistent with this. Therefore, SICS is considered to be 
more effective than other company size indexes. Hereafter, we use SICS as the company size index. 

5. Comparison: Models A and B 
In order to verify which model is more suitable to describe the relation mechanism of environmental manage-
ment (environmental rating) and economic performance (credit rating), we performed the path analysis for  
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Figure 5. Model A-2: Results from the data in 2013. (a) Fit measures: 
RMSEA = 0.000, GFI = 0.994, AGFI = 0.970, CFI = 1.000; (b) SMC: environ- 
mental rating (0.20), credit rating (0.60); (c) p < 0.05 (including p < 0.001 and 
p < 0.01).                                                        

 

 
Figure 6. Model B-2: Results from the data in 2013. (a) Fit measures: 
RMSEA = 0.000, GFI = 0.999, AGFI = 0.986, CFI = 1.000; (b) SMC: credit 
rating (0.54), environmental rating (0.28); (c) p < 0.05 (including p < 0.001 
and p < 0.01).                                                     

 
Models A and B using the data for each single fiscal year of the period 2010-2013. Furthermore, we also per-
formed path analysis using the data for all four years (2010-2013). When we used all the data, the data for each 
index were standardized for each year. It turns out that the optimum paths obtained for each single fiscal year’s 
data and for the four-year data are the same path. Figure 7 and Figure 8 show the optimum paths obtained by 
the path analyses for Models A and B, respectively. The path coefficient signs are also indicated in the figures. 
The results of the path coefficients and the goodness of fit index are given in detail in Table 2 and Table 3. 

First, let us consider Model A. In Model A (Figure 7), we find that SICS has significant positive influence on 
both environmental management (environmental rating) and economic performance (credit rating). This is in 
agreement with the results in Section 4, regardless of the fiscal year. Environmental management (environmen-
tal rating) has significant positive influence on economic performance (credit rating). The accumulated earnings 
ratio is not significant to environmental management (environmental rating), although significant positive influ- 
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Figure 7. Model A: Results of path analysis with the sign of path coefficients. 

 

 
Figure 8. Model B: Results of path analysis with the sign of path coefficients. 

 
Table 2. Results of Model A (path coefficients and fit measures).                                              

L 
M 

2010 2011 2012 2013 Four-Year Integration 

E R C R E R C R E R C R E R C R E R C R 

SICS 0.45*** 0.34*** 0.46*** 0.33*** 0.45*** 0.29*** 0.45*** 0.25*** 0.47*** 0.30*** 

Accumulated Earnings Ratio  0.60***  0.61***  0.67***  0.67***  0.65*** 

Environmental Rating  0.22***  0.20**  0.22***  0.23***  0.23*** 

RMSEA 
GFI 

AGFI 
CFI 

0.000 
0.995 
0.975 
1.000 

0.000 
0.998 
0.992 
1.000 

0.000 
0.993 
0.966 
1.000 

0.000 
0.994 
0.970 
1.000 

0.000 
0.995 
0.976 
1.000 

a. **p < 0.01, ***p < 0.001; b. Path coefficients are from M column to L row; c. C R: Credit rating; d. E R: Environmental rating; e. SICS: Standar-
dized index of company size from sales and number of employees. 
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Table 3. Results of Model B (path coefficients and fit measures).                                               

L 
M 

2010 2011 2012 2013 Four-years 
Integration 

C R E R C R E R C R E R C R E R C R E R 

SICS 0.44*** 0.29*** 0.42*** 0.32*** 0.38*** 0.30*** 0.35*** 0.31*** 0.41*** 0.31*** 

Accumulated Earnings Ratio 0.58*** −0.30** 0.60*** −0.25** 0.65*** −0.36*** 0.65*** −0.35*** 0.63*** −0.33*** 

Credit Rating 
 

0.37*** 
 

0.33*** 
 

0.39*** 
 

0.40*** 
 

0.40*** 

RMSEA 
GFI 

AGFI 
CFI 

0.000 
0.999 
0.994 
1.000 

0.000 
1.000 
1.000 
1.000 

0.000 
1.000 
0.997 
1.000 

0.000 
0.999 
0.986 
1.000 

0.000 
1.000 
0.995 
1.000 

a. **p < 0.01, ***p < 0.001; b. Path coefficients are from M column to L row; c. C R: Credit rating; d. E R: Environmental rating; e. SICS: Stan-
dardized index of company size from sales and number of employees. 
 
ence is found on economic performance (credit rating). 

In Model B, we obtain results similar to those of Model A, except for the accumulated earnings ratio. We find 
that while the accumulated earnings ratio has significant positive influence on economic performance (credit 
rating), it has significant negative influence on environmental management (environmental rating). We will dis-
cuss this significant negative influence further in Section 6. Next, we consider the goodness of fit results for 
Models A and B. Although there is no difference between A and B for RMSEA and CFI as seen in Table 2 and 
Table 3, GFI and AGFI take higher values for Model B. This means that Model B is more suitable than Model 
A. In Model B, economic performance is placed ahead of environmental management. Since companies’ main 
purpose is to raise economical corporate value, and because profitability is important for corporate management, 
it is natural for economic performance to be placed ahead of environmental management. 

6. The Accumulated Earnings Ratio’s Significant Negative Influence on  
Environmental Management 

In the previous section, Model B was adopted as a good model to express the relation mechanism of environ-
mental management and economic performance in terms of corporate management. In Model B, the direct path 
coefficients from accumulated earnings ratio to environmental management (environmental rating) were ob-
tained as −0.30 (2010), −0.25 (2011), −0.36 (2012), −0.35 (2013), and −0.33 (2010-2013 integration). The nega-
tive correlation between accumulated earnings ratio and environmental management (environmental rating) 
means that when the accumulated earnings ratio is high, the environmental management (environmental rating) 
is low, and vice versa. This suggests the existence of a company group (group X) with a low environmental ma- 
nagement evaluation but high accumulated earnings, and a company group (group Y) with high environmental 
management evaluation but low accumulated earnings. Accumulated earnings indicate some of the company’s 
surplus benefits, but how surplus of benefits are used depends highly on corporate management. It is considered 
that for group X, the corporate priority is to raise profits. On the other hand, group Y promotes environmental 
management even with fewer surplus benefits.  

Next, consider that the accumulated earnings ratio could have an indirect effect on environmental manage-
ment through economic performance (credit rating). In Figure 6, we find that the path coefficient from accumu-
lated earnings ratio to economic performance is 0.65 in 2013, and that from economic performance to environ-
mental management is 0.40 in 2013. Thus, the indirect effect is calculated to be a product of two coefficients, 
0.65 × 0.40 = 0.26. Similarly, indirect effects in other years are calculated to be 0.21 (2010), 0.20 (2011), 0.25 
(2012), and 0.25 (2010-2013). Now consider the overall effect given by a sum of the direct and indirect effects. 
The overall effects from the accumulated-earnings ratio to the environmental management are calculated to be 
−0.09 (2010), −0.05 (2011), −0.11 (2012), −0.09 (2013), and −0.08 (2010-2013). Thus, the overall effects in 
Model B are also negative. In Model A, we also find negative coefficients from accumulated earnings ratio to 
environmental management, but they are not significant.  

Ricoh Company Ltd. is an example of a company belonging to group Y, which invests surplus benefits in en-
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vironmental management and considers the sustainable development of society to be important. Ricoh Company 
Ltd. offers a farming experience program every year for 28 male and 28 female students ranging in age from the 
fourth year of elementary school to the second year of junior high school [37]. Ricoh Company Ltd. has to spend 
about 70 million yen for this program from its accumulated-earnings. In terms of environmental management 
activities, the relationship between surplus benefits and environmental management reflects the value the com-
pany’s corporate management places on environmental management. 

7. Conclusions 
In this research, 142 manufacturing industry companies listed on the first section of the Tokyo Stock Exchange 
were analyzed to study the relationships among company size, financial indicators, environmental management, 
and economic performance. The findings are as follows: 

First, we examined two company size indexes: sales and the number of employees. The path analysis showed 
that the two indexes exhibit inconsistent results as measures of company size. Then, we used SICS, defined as 
sales and the number of employees together, and confirmed that SICS produces consistent results in the path 
analysis. 

Second, we examined two models: Model A and Model B, and according to the goodness of fit results, we 
found that Model B is better than Model A. Model B has a path in which economic performance comes ahead of 
environmental management. This is consistent with the main purpose of companies, which is to raise economic 
corporate value; profitability is important for corporate management. 

Finally, we found the first evidence that the direct path coefficient from accumulated earnings ratio to envi-
ronmental management is significantly negative. This negative coefficient suggests that two company groups 
exist: a profit-oriented group (group X) and an environment-oriented group (group Y).  

Our analysis is based on data for Japanese companies. Thus, it would be advisable to investigate further to de- 
termine whether our findings are also observed worldwide. 
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