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Appendix A 

Proof of Hypothesis 3 

Carbon trading price 𝑝𝑒 has a correlation coefficient of 𝜌𝑝𝑒𝑋 with the yield uncertainty variable 

𝑋, and a correlation coefficient of 𝜌𝑝𝑒𝑄𝑖
 with firms' yields 𝑄𝑖. 

𝜌𝑝𝑒𝑄𝐷
=

𝐶𝑜𝑣(𝑝𝑒,𝑄𝐷)

√𝐷(𝑝𝑒)𝐷(𝑄𝐷)
=

𝐶𝑜𝑣(𝑝𝑒,𝑞𝐷−(1−𝑑𝐷)𝑋)

√𝐷(𝑝𝑒)𝐷[𝑞𝐷−(1−𝑑𝐷)𝑋]
=

−𝐶𝑜𝑣[𝑝𝑒,(1−𝑑𝐷)𝑋]

(1−𝑑𝐴)√𝐷(𝑝𝑒)𝐷(𝑋)
= −

𝐶𝑜𝑣[𝑝𝑒,(1−𝑑𝐷)𝑋]

(1−𝑑𝐷)√𝐷(𝑝𝑒)𝐷(𝑋)

= −
(1−𝑑𝐴)𝐶𝑜𝑣(𝑝𝑒,𝑋)

(1−𝑑𝐴)√𝐷(𝑝𝑒)𝐷(𝑋)
= −

𝐶𝑜𝑣(𝑝𝑒,𝑋)

√𝐷(𝑝𝑒)𝐷(𝑋)
= −𝜌𝑝𝑒𝑋                                              (𝐴1)

  

𝜌𝑝𝑒𝑄𝐿
=

𝐶𝑜𝑣(𝑝𝑒,𝑄𝐿)

√𝐷(𝑝𝑒)𝐷(𝑄𝐿)
=

𝐶𝑜𝑣(𝑝𝑒,𝑞𝐿−𝑋)

√𝐷(𝑝𝑒)𝐷(𝑞𝐿−𝑋)
=

𝐶𝑜𝑣(𝑝𝑒,−𝑋)

√𝐷(𝑝𝑒)𝐷(−𝑋)
=

−𝐶𝑜𝑣(𝑝𝑒,𝑋)

√𝐷(𝑝𝑒)𝐷(𝑋)
                                   

= −
𝐶𝑜𝑣(𝑝𝑒,𝑋)

√𝐷(𝑝𝑒)𝐷(𝑋)
= −𝜌𝑝𝑒𝑋                                                                                     (𝐴2)

  

So, we have 𝜌𝑝𝑒𝑄𝐴
= 𝜌𝑝𝑒𝑄𝐵

= −𝜌𝑝𝑒𝑋，𝜌 = 𝜌𝑝𝑒𝑄𝐴
= 𝜌𝑝𝑒𝑄𝐵

= −𝜌𝑝𝑒𝑋. 
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Appendix B 

Proof of Proposition 1 

𝜕𝑞𝐷

𝜕𝑏
=

−𝑎𝑔𝑌(𝑏𝑌−𝐴)2+𝑒𝑔{𝑝0𝑌(𝑏𝑌−𝐴)2−2[(𝑏𝑌)2+2𝑏(−1+𝑑)𝑌𝐴+(−𝐴)2]𝜌𝜎𝜎𝑒}

[(𝑏𝑌)2−(−𝐴)2]2
< 0 (B1)  

𝜕𝜂𝐷

𝜕𝑏
=

𝑌{−𝑎𝑌(𝑏𝑌−𝐴)2+𝑒𝑝0𝑌(𝑏𝑌−𝐴)2−2𝑒[(𝑏𝑌)2+2𝑏(−1+𝑑)𝑌𝐴+(−𝐴)2]𝜌𝜎𝜎𝑒}

(𝑏𝑌+𝐴)2(𝑏𝑌−𝐴)2
< 0 (B2)  

𝜕𝑞𝐿

𝜕𝑏
=

[(𝑏𝑌)2−(−𝐴)2]{𝑌[𝑔(𝑎−𝑒𝑝0)+2𝑏𝑌]−2𝑒(𝑏+(−1+𝑑)𝑔+𝑏𝑒𝑝0]𝜌𝜎𝜎𝑒}

−2𝑌𝑏𝑌{𝑏𝑔[𝐵−2(−1+𝑑)𝑒𝜌𝜎𝜎𝑒]+𝑏2𝐻+𝐴[−𝑔(2+𝑎−𝑒𝑝0)+𝐻]}

[(𝑏𝑌)2−(−𝐴)2]2                 (B3)
  

𝜕𝜂𝐿

𝜕𝑏
=

𝑌{𝐵(𝑏𝑌−𝐴)2+2𝑒[(−1+𝑑)(𝑏𝑌)2+2𝑏𝑌𝐴+(−1+𝑑)𝐴2]𝜌𝜎𝜎𝑒}

(𝑏𝑌+𝐴)2(𝑏𝑌−𝐴)2                            (B4)  

From the Hessen matrix, 
𝜕𝑞𝐷

𝜕𝑏
< 0 , 

𝜕𝜂𝐷

𝜕𝑏
< 0 . At 0 < 𝑑 < 𝑑2 , 

𝜕𝑞𝐿

𝜕𝑏
< 0 , 

𝜕𝜂𝐿

𝜕𝑏
< 0 , and at 𝑑2 <

𝑑 < 1, 
𝜕𝑞𝐿

𝜕𝑏
> 0, 

𝜕𝜂𝐿

𝜕𝑏
> 0. 

Here, 𝑑2 =
(𝑏Y−A)2

(𝑏Y)2+(−A)2. 

Proof of Proposition 2 

𝜕𝑞𝐷

𝜕𝜎
=

𝑒[2𝑏𝑔+𝑏2(𝑑−1)𝑌−(𝑑−1)𝑌(−𝐴)]𝜌𝜎𝑒

(𝑏𝑌)2−(−𝐴)2      (𝐵5)  

𝜕𝑞𝐷

𝜕𝜎𝑒
=

𝑒[2𝑏𝑔+𝑏2(𝑑−1)𝑌−(𝑑−1)𝑌(−𝐴)]𝜌𝜎

(𝑏𝑌)2−(−𝐴)2       (𝐵6)  

𝜕𝜂𝐷

𝜕𝜎
=

2𝑒[𝑏𝑌+(𝑑−1)𝐴]𝜌𝜎𝑒

(𝑏𝑌−𝐴)(𝑏𝑌+𝐴)
                             (𝐵8)  

𝜕𝜂𝐷

𝜕𝜎𝑒
=

2𝑒[𝑏𝑌+(𝑑−1)𝐴]𝜌𝜎

(𝑏𝑌−𝐴)(𝑏𝑌+𝐴)
                              (𝐵9)  

𝜕𝑞𝐿

𝜕𝜎
=

𝑒[−2𝑏(−1+𝑑)𝑔−𝑏2𝑌+𝑌(−𝐴)]𝜌𝜎𝑒

(𝑏𝑌)2−(−𝐴)2 > 0 (𝐵10)  

𝜕𝑞𝐿

𝜕𝜎𝑒
=

𝑒[−2𝑏(−1+𝑑)𝑔−𝑏2𝑌+𝑌(−𝐴)]𝜌𝜎

(𝑏𝑌)2−(−𝐴)2 > 0 (𝐵11)  

𝜕𝜂𝐿

𝜕𝜎
=

2𝑒[−2𝑔−𝑏(𝑑−1)𝑌+𝑌2]𝜌𝜎𝑒

(𝑏𝑌−𝐴)(𝑏𝑌+𝐴)
< 0         (𝐵12)  

𝜕𝜂𝐿

𝜕𝜎𝑒
=

2𝑒[−2𝑔−𝑏(𝑑−1)𝑌+𝑌2]𝜌𝜎

(𝑏𝑌−𝐴)(𝑏𝑌+𝐴)
< 0         (𝐵13)  

From the Hessen matrix, 
𝜕𝑞𝐿

𝜕𝜎
> 0 , 

𝜕𝑞𝐿

𝜕𝜎𝑒
> 0 , 

𝜕𝜂𝐿

𝜕𝜎
< 0 , 

𝜕𝜂𝐿

𝜕𝜎𝑒
< 0 . At 0 < 𝑑 < 𝑑3 , 

𝜕𝑞𝐷

𝜕𝜎
> 0 , 

𝜕𝑞𝐷

𝜕𝜎𝑒
> 0 , 

𝜕𝜂𝐷

𝜕𝜎
> 0 , 

𝜕𝜂𝐷

𝜕𝜎𝑒
> 0 . At 𝑑3 < 𝑑 < 𝑑1 , 

𝜕𝑞𝐷

𝜕𝜎
< 0 , 

𝜕𝑞𝐷

𝜕𝜎𝑒
< 0 , 

𝜕𝜂𝐷

𝜕𝜎
> 0 , 

𝜕𝜂𝐷

𝜕𝜎𝑒
> 0 . At 𝑑1 < 𝑑 <
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1, 
𝜕𝑞𝐷

𝜕𝜎
< 0, 

𝜕𝑞𝐷

𝜕𝜎𝑒
< 0, 

𝜕𝜂𝐷

𝜕𝜎
< 0, 

𝜕𝜂𝐷

𝜕𝜎𝑒
< 0. 

Here, 𝑑3 = −
(−1+𝑏−𝑒𝑝0)(𝑏−2𝑔+𝑏𝑒𝑝0+(1+𝑒𝑝0)2)

(1+𝑒𝑝0)(−𝑏2−2𝑔+(1+𝑒𝑝0)2)
, 𝑑1 = 1 +

𝑏+𝑏𝑒𝑝0

−2𝑔+(1+𝑒𝑝0)2
. 

Proof of Proposition 3 

𝑞𝐷 − 𝑞𝐿 = 𝑑[−1 +
𝑒(𝑏+𝑌)𝜌𝜎𝜎𝑒

𝑏𝑌−𝐴
] < 0 (𝐵14)  

𝜂𝐷 − 𝜂𝐿 =
2𝑒𝑑𝜌𝜎𝜎𝑒

𝑏𝑌−𝐴
< 0 (𝐵15)  
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