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Appendix A

Proof of Hypothesis 3
Carbon trading price p, has a correlation coefficient of p,,x with the yield uncertainty variable
X, and a correlation coefficient of p,, o, with firms'yields Q;.

_ _Cov(peQp) _ Cov(pe,qp—(1-dp)X) _ —Cov[pe,(1-dp)X] _  Cov[pe,(1-dp)X]
Pre@d = J50)b(0n)  YDWeDlap-(-dp)X]  (1-dpyD@)D(®)  (1-dp)yDpe)DX)
_ _ _(-da)Cov(peX) _ _ Cov(peX) _ (A1)
(1—daJD@ID@®  JD@eD®) | PreX
_ Cov(peQL) _ Cov(pe,qrL—X) _ Cov(pe~X) _ —Cov(peX)
PreQr = JDGponen  YDWeD@i—X)  yD@D(X)  yD(pe)D(X)
_ Cov(pe,X) (AZ)

oD | PreX

So,we have pp.0, = Ppegp = ~Ppex’ P = Ppe@a = PpeQs = ~Ppex-
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Appendix B

Proof of Proposition 1

dqp _ —agy(by- A)%+eg{poY (bY—A)?—2[(bY)2+2b(-1+d)YA+(—A)?|paa,)} <0 (B1)
o [(bY)2-(-A)2]2

anp _ Y{-ar(by—A)*+ep0Y(bY-A)*~2e[(bY)*+2b(~1+d)YA+(=A)?*|pgae}

ob (bY+A)2(bY—A)2

<0 (B2)

[(bY)2-(-4)?]{v[g(a—epo)+2bY]-2e(b+(~1+d)g+bepylpoae}
dqr, _ —2vbY{bg[B-2(-1+d)epooel+b?H+A[-g(2+a—epo)+H]} (B3)
ab [(bY)2-(-4)2]?

an, _ Y{B(bY-A)*+2e[(-1+d)(bY)*+2bYA+(=1+d)A*|poe]
b (bY+A)2(bY—A)2

(B4)

From the Hessen matrix, % <0, anD <0.At 0<d<d,, aQL <0, 677L <0, and atd, <
9qy, on1,
d<l1, —= b >0, b >O2
_ (bY-A)
Here, d, = YA

Proof of Proposition 2

dqp _ e[2bg+b*(d-1)Y-(d-1)Y(-A)]|pae

o (bY)2—(-A)2 (B5)

dqp _ e[2bg+b?(d-1Y-(d-1DY(-4)|po

doe (bY)?—(-4)? (B6)

aﬂ __ 2e[by+(d-1)Alpo,

dc  (bY—A)(bY+A) (B8)

67)_,3 __ 2e[by+(d-1)Alpo

dg,  (bY—A)(bY+A) (B9)

3qy, _ e[-2b(-1+d)g-b*Y+Y(=4)|poe

50 = YA >0 (B10)

3qy _ e[-2b(-1+d)g-b*Y+Y(-4)|po

B0, YA >0 (B11)

any _ 2e[-2g-b(d-1Y+Y?|poe

doc (bY—A4)(bY+A) <0 (B12)

dny _ 2e[-2g-b(d-1)Y+Y?]pa

o, (bY—A4)(bY+A) <0 (B13)

From the Hessen matrix, % >0, qu >0, 677L <0, gnL <0.At 0<d<d;, an >0,

%4 -, o, a"”>0, 9D 5 0. At ds < d < dy, a‘“’<0, %4p ), a’“’>0, % 5 0. At d1<d<
do, do, doe 0o,

Journal of Industrial and Management Optimization Volume 22, Issue 3, 1302-1324.



S4p 94p np mp
1, ¥<O, 30, <0, - <0, 60e<0'
_ (—1+b—epy)(b—2g+bepo+(1+epg)?) . b+bepg
Here, d5 = Wrepo b7 29+ (rern®) U= Y Sgiareny
Proof of Proposition 3
qp —q, =d[-1+ _e(b;)_ime] <0 (B14)
NMp — ML = —Zebci,p_aje <0 (B15)
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