
Supplementary Materials：Proofs of the Propositions 

Lemma 1: 

Proof. It is easy to show that the coefficients of 𝑌 in 𝑒ௌ and 𝜔ௌ are positive when 𝑚 ൐

ଵ

ସ
𝛾ଶ . Moreover, as we assume 𝑚 ൐

ଵ

ଷ
𝛾ଶ , so the coefficients of 𝑒ௌ  and 𝜔ௌ  are always 

positive for the rest of our paper. 

Proposition 1:  

Proof. Let the retailer’s profit under the information sharing case be less than that without 

information sharing, i.e., 𝜋ோ
ௌ ൐ 𝜋ோ

ே; it is easy to derive that the condition 𝑚 ൏
ଵ

ଶ
𝛾ଶ must be 

satisfied. Similarly, we can derive the conditions where information sharing benefits the 

manufacturer and supply chain by comparing the manufacturer’s and supply chain’s profits 

under the two cases, respectively.  

Proposition 2: 

Proof. It is easy to prove proposition 2 by comparing the optimal investment level of the 

manufacturer under the two cases. 

Proposition 3: 

Proof. As the demand becomes more variable, that is, a larger 𝜎, we can obtain the following 

results by taking derivations of the retailer’s, manufacturer’s and supply chain’s profits under 

the information sharing or non-information sharing cases with respect to 𝜎ଶ, respectively, as 

follows: 
ௗగೃ

ೄ

ௗఙమ
൐ 0; 

ௗగೃ
ಿ

ௗఙమ
൐ 0;  

ௗగಾ
ೄ

ௗఙమ
൐ 0;  

ௗగಾ
ಿ

ௗఙమ
ൌ 0; 

ௗగೄ

ௗఙమ
൐ 0;  

ௗగಿ

ௗఙమ
൐ 0. 

Proposition 4: 

Proof. (a) When 𝑚 ൏
ଵ

ଶ
𝛾ଶ, we have 𝜋ோ

ௌ ൐ 𝜋ோ
ே and 𝜋ெ

ௌ ൐ 𝜋ெ
ே . Hence, the retailer will share 

the private information voluntarily without any payment, and 𝑋∗ ൌ 𝑆  is the equilibrium 

decision. 

(b) When 
ଵ

ଶ
𝛾ଶ ൏ m ൏

ሺଷା√ହሻ

ସ
𝛾ଶ , we have 𝜋ோ

ௌ ൏ 𝜋ோ
ே , and 𝜋ெ

ௌ െ ሺ𝜋ோ
ே െ 𝜋ோ

ௌሻ ൒ 𝜋ெ
ே  , so the 

manufacturer will offer T=𝜋ோ
ே െ 𝜋ோ

ௌ to obtain the retailer’s private information, and 𝑋∗ ൌ 𝑆 

is the equilibrium decision. 

(c) When 𝑚 ൐
ሺଷା√ହሻ

ସ
𝛾ଶ, we have 𝜋ோ

ௌ ൏ 𝜋ோ
ே, 𝜋ெ

ௌ െ ൫𝜋ோ
ே െ 𝜋ோ

ௌ൯ ൏ 𝜋ெ
ே . The manufacturer will 

not pay for the information, and 𝑋∗ ൌ 𝑁 is the equilibrium decision.  



Lemma 2:  

Proof. For Cournot competition, when the information sharing arrangement is (𝑋ଵ,𝑋ଶ), we can 

prove that 𝑞௜
௑೔௑ೕ ൌ 𝑞௜

௑೔ሺ𝑞௝
௑ೕ௑೔ሻ  by substituting the equations of 𝑞௝

௑ೕ௑೔  into 𝑞௜
௑೔ , where 

𝑞௜
௑೔ሺ𝑞௝ሻ is given by (26) and (30), 𝑋 ൌ 𝑆 or 𝑁 and 𝑖 ് 𝑗, respectively. Similarly, we can 

verify that 𝜔௜
௑೔௑ೕ ൌ 𝜔௜

௑೔ሺ𝑞௝
௑ೕ௑೔  ሻ  and 𝑒௜

௑೔௑ೕ ൌ 𝑒௜
௑೔ሺ𝑞௝

௑ೕ௑೔ሻ , where 𝜔௜
௑೔ሺ𝑞௝ሻ  is given by (24) 

and (28), and the 𝑒௜
௑೔ሺ𝑞௝ሻ  is given by (25) and (29). Thus (𝑞௜

௑೔௑ೕ , 𝜔௜
௑೔௑ೕ , 𝑒௜

௑೔௑ೕ ) is an 

equilibrium. The proof of the uniqueness of the equilibrium is similar to that of Ha et al. (2011) 

and is omitted.  

Lemma 3:  

Proof. For part (a), we can verify 𝐶௜
௑೔௑ೕ ൏ 1 . So, 𝛼௜

ௌ௑ೕ ൐ 0  and 𝛽௜
ௌ௑ೕ ൐ 0  if and only if 

𝑚 ൐
ଵ

ସ
𝛾ଶ. Moreover, as we assume that 𝑚 ൐

ଵ

ଷ
𝛾ଶ to ensure interior equilibrium solutions; in 

this case, we can say 𝑒௜
௑೔௑ೕ and 𝜔௜

௑೔௑ೕ are increasing in 𝑌௜. 

For part (b), we can derive the following: 

𝐶௜
ௌௌ െ 𝐶௜

ேௌ ൌ
௧ఙమ൫ଵା௧ఙమ൯

మ
ሺସ௠ିఊమሻሺఊమିଶ௠ሻ

ሾሺସାସ௧ఙమାఒ௧ఙమሻ௠ିሺଵା௧ఙమሻఊమሿൣሾ଼ሺଵା௧ఙమሻమିఒమ௧మఙరሿ௠ିଶఊమሺଵା௧ఙమሻమ൧
൐ 0  when 𝑚 ൏

ଵ

ଶ
𝛾ଶ 

𝐶௜
ௌே െ 𝐶௜

ேே ൌ
ଶ௧ఙమ൫ଵା௧ఙమ൯

మ
൫ఊమିଶ௠൯

ሾሺସାସ௧ఙమାఒ௧ఙమሻ௠ିሺଵା௧ఙమሻఊమሿሾଶሺଵା௧ఙమሻାఒ௧ఙమሿ
൐ 0 when 𝑚 ൏

ଵ

ଶ
𝛾ଶ 

𝐶௝
ௌௌ െ 𝐶௝

ௌே ൌ
௠௧మఙరఒሺଵା௧ఙమሻሺଶ௠ିఊమሻ

ሾሺସାସ௧ఙమାఒ௧ఙమሻ௠ିሺଵା௧ఙమሻఊమሿൣሾ଼ሺଵା௧ఙమሻమିఒమ௧మఙరሿ௠ିଶఊమሺଵା௧ఙమሻమ൧
൐ 0  when 𝑚 ൒

ଵ

ଶ
𝛾ଶ 

𝐶௝
ேௌ െ 𝐶௝

ேே ൌ
௧మఙరఒሺଵା௧ఙమሻሺଶ௠ିఊమሻ

ൣሾ଼ሺଵା௧ఙమሻమିఒమ௧మఙరሿ௠ିଶఊమሺଵା௧ఙమሻమ൧ሾଶሺଵା௧ఙమሻାఒ௧ఙమሿ
൐ 0 when 𝑚 ൒

ଵ

ଶ
𝛾ଶ 

As a result, information sharing in supply chain 𝑖 makes 𝑞௜ less responsive to 𝑌௜ and makes 

𝑞௝ more responsive to 𝑌௝ when 𝑚 ൒
ଵ

ଶ
𝛾ଶ. 

Proposition 5: 

Proof. For part (a), we have the following: 

𝜋ோೕ
ௌ ൫𝐶௜

ௌௌ൯ െ 𝜋ோೕ
ௌ ൫𝐶௜

ேௌ൯ ൌ
௠మ௧ఙరఒ൫஼೔

ಿೄି஼೔
ೄೄ൯൫ଶିఒ஼೔

ೄೄିఒ஼೔
ಿೄ൯

ሺସ௠ିఊమሻమሺଵା௧ఙమሻ
൒ 0 when 𝑚 ൒

ଵ

ଶ
𝛾ଶ 



𝜋ெೕ
ௌ ൫𝐶௜

ௌௌ൯ െ 𝜋ெೕ
ௌ ൫𝐶௜

ேௌ൯ ൌ
௠௧ఙరఒሺ஼೔

ಿೄି஼೔
ೄೄሻሺଶିఒ஼೔

ೄೄିఒ஼೔
ಿೄሻ

ଶሺସ௠ିఊమሻሺଵା௧ఙమሻ
൒ 0 when 𝑚 ൒

ଵ

ଶ
𝛾ଶ 

For part (b), we have the following: 

𝜋ோೕ
ே ൫𝐶௜

ௌே൯ െ 𝜋ோೕ
ே ൫𝐶௜

ேே൯ ൌ
௧ఙరఒሺ஼೔

ಿಿି஼೔
ೄಿሻሺଶିఒ஼೔

ೄಿିఒ஼೔
ಿಿሻ

ସሺଵା௧ఙమሻ
൒ 0 when 𝑚 ൒

ଵ

ଶ
𝛾ଶ 

𝜋ெೕ
ே ൫𝐶௜

ௌே൯ െ 𝜋ெೕ
ே ൫𝐶௜

ேே൯ ൌ 0 

Proposition 6: 

Proof. 𝜋௜
ௌ ቀ𝐶௝

௑ೕேቁ െ 𝜋௜
ே ቀ𝐶௝

௑ೕேቁ ൌ
௧ఙర൬ଵିఒ஼ೕ

೉ೕಿ൰
మ
൫଺௠ఊమିସ௠మିఊర൯

ସሺସ௠ିఊమሻమሺଵା௧ఙమሻ
൐ 0 when 𝑚 ൏

൫ଷା√ହ൯

ସ
𝛾ଶ 

𝜋௜
ௌ ቀ𝐶௝

௑ೕௌቁ െ 𝜋௜
ௌ ቀ𝐶௝

௑ೕேቁ ൌ
௠ሺ଺௠ିఊమሻ௧ఙరఒሺ஼ೕ

೉ೕಿି஼ೕ
೉ೕೄሻሺଶିఒ஼ೕ

೉ೕೄିఒ஼ೕ
೉ೕಿሻ

ଶሺସ௠ିఊమሻమሺଵା௧ఙమሻ
൐ 0 when 𝑚 ൏

ଵ

ଶ
𝛾ଶ 

Proposition 7: 

Proof. For part (a), we can show that 𝛽௜
ௌ௑ೕ െ 𝛽௜

ே௑ೕ ൐ 0 and 𝛽௜
ௌ௑ೕଶ െ 𝛽௜

ே௑ೕଶ ൐ 0 regardless 

of 𝑋௝ ൌ 𝑆 or 𝑁; For part (b), we can show that ∆𝐸ൣ𝐼௜
ௌ൧ െ ∆𝐸ൣ𝐼௜

ே൧ ൐ 0 when 𝑚 ൏
ଵ

ଶ
𝛾ଶ. 

Proposition 8: 

Proof. Information sharing benefits supply chain 𝑖 when 𝑉௜
ௌ ൐ 0, which is equivalent to 𝑔 ൐

0, where 

𝑔 ൌ 𝑚ଷ 𝑡ସ𝜎଼𝜆ସ

ሺ1 ൅ 𝑡𝜎ଶሻସ
െ 8𝑚ଷ 𝑡ଶ𝜎ସ𝜆ଶ

ሺ1 ൅ 𝑡𝜎ଶሻଶ
െ 2ሺ4𝑚 െ 𝛾ଶሻሺെ6𝑚𝛾ଶ ൅ 4𝑚ଶ ൅ 𝛾ସሻ 

Let 𝑥 ൌ
௧మఙరఒమ

ሺଵା௧ఙమሻమ
; we have 0 ൏ 𝑥 ൏ 1; rewrite 𝑔 as 𝑔ሺ𝑥ሻ ൌ 𝑚ଷ𝑥ଶ െ 8𝑚ଷ𝑥 െ 2ሺ4𝑚 െ

𝛾ଶሻሺെ6𝑚𝛾ଶ ൅ 4𝑚ଶ ൅ 𝛾ସሻ, and 𝑔ሺ𝑥ሻ has two roots, as follows: 

𝑥ଵሺ𝑚ሻ ൌ
1
𝑚ଷ ሺ4𝑚

ଷ ൅ 𝛾ଶඥ2𝑚ଷሺ6𝑚 െ 𝛾ଶሻ െ 2𝑚ඥ2𝑚ଷሺ6𝑚 െ 𝛾ଶሻሻ 

𝑥ଶሺ𝑚ሻ ൌ
1
𝑚ଷ ሺ4𝑚

ଷ െ 𝛾ଶඥ2𝑚ଷሺ6𝑚 െ 𝛾ଶሻ ൅ 2𝑚ඥ2𝑚ଷሺ6𝑚 െ 𝛾ଶሻሻ 

We can prove that when 𝑚 ൐
ଵ

ଷ
𝛾ଶ ,  𝑥ଶሺ𝑚ሻ ൐ 1 , and 𝑥ଵሺ𝑚ሻ  is decreasing with 𝑚 . 

Therefore, we do not need to consider 𝑥ଶሺ𝑚ሻ when 0 ൏ 𝑥 ൏ 1. Given 𝑡 and 𝜆, we have the 

unique 𝑚ௌ such that 𝑥ଵሺ𝑚ௌሻ ൌ
௧మఙరఒమ

ሺଵା௧ఙమሻమ
. We can prove that 𝑔 ൐ 0 if and only if 𝑚 ൏ 𝑚ௌ. 

Since 𝑥ଵሺ𝑚ሻ ൐ 1 when 𝑚 ൏
ଵ

ଶ
𝛾ଶ and 𝑥ଵሺ𝑚ሻ ൐ 0 when 𝑚 ൐

൫ଷା√ହ൯

ସ
𝛾ଶ, we can obtain that 

ଵ

ଶ
𝛾ଶ ൏ 𝑚ௌ ൏

൫ଷା√ହ൯

ସ
𝛾ଶ . Note that 𝑥ଵሺ𝑚ௌሻ  is increasing in 𝑡 ,  𝜆  and 𝛾  (i.e., 

ௗ௫భ൫௠ೄ൯

ௗ௧
ൌ



ଶ௧ఙరఒమ

ሺଵା௧ఙమሻయ
൐ 0 , 

ௗ௫భ൫௠ೄ൯

ௗఒ
ൌ

ଶ௧మఙరఒ

ሺଵା௧ఙమሻమ
൐ 0 , 

ௗ௫భ൫௠ೄ൯

ௗఊ
ൌ

ଵ

൫௠ೄ൯
య ቎2𝛾ඥ2ሺ𝑚ௌሻଷሺ6𝑚ௌ െ 𝛾ଶሻ ൅ ሺ2𝑚 െ

𝛾ଶሻ
ଶఊሺ௠ೄሻయ

ටଶሺ௠ೄሻయ൫଺௠ೄିఊమ൯
቏ ൌ

ଶఊሺଵସ௠ೄିఊమሻ

ටଶሺ௠ೄሻయ൫଺௠ೄିఊమ൯
൐ 0 ), 𝑥ଵሺ𝑚ሻ  is decreasing with 𝑚 , so 𝑚ௌ  is 

decreasing in 𝑡, 𝜆, and increasing in 𝛾. 

We can also prove that 𝑉௜
ே ൐ 0 if and only if ℎ ൐ 0, where 

ℎ ൌ 𝑚ሺ4𝑚 െ 𝛾ଶሻ
𝑡ସ𝜎଼𝜆ସ

ሺ1 ൅ 𝑡𝜎ଶሻସ
െ 16𝑚ଶ 𝑡ଶ𝜎ସ𝜆ଶ

ሺ1 ൅ 𝑡𝜎ଶሻଶ
െ 8ሺെ6𝑚𝛾ଶ ൅ 4𝑚ଶ ൅ 𝛾ସሻ 

Let 𝑥 ൌ
௧మఙరఒమ

ሺଵା௧ఙమሻమ
 , and we have 0 ൏ 𝑥 ൏ 1 ; rewrite ℎ  as ℎሺ𝑥ሻ ൌ 𝑚ሺ4𝑚 െ 𝛾ଶሻ𝑥ଶ െ

16𝑚ଶ𝑥 െ 8ሺെ6𝑚𝛾ଶ ൅ 4𝑚ଶ ൅ 𝛾ସሻ, and ℎሺ𝑥ሻ has two roots as follows: 

𝑥ଷሺ𝑚ሻ ൌ
1

𝑚ሺ4𝑚 െ 𝛾ଶሻ
ሺ8𝑚ଶ ൅ 2𝛾ଶඥ2𝑚ሺ6𝑚 െ 𝛾ଶሻ െ 4𝑚ඥ2𝑚ሺ6𝑚 െ 𝛾ଶሻሻ 

𝑥ସሺ𝑚ሻ ൌ
1

𝑚ሺ4𝑚 െ 𝛾ଶሻ
ሺ8𝑚ଶ െ 2𝛾ଶඥ2𝑚ሺ6𝑚 െ 𝛾ଶሻ ൅ 4𝑚ඥ2𝑚ሺ6𝑚 െ 𝛾ଶሻሻ 

We can prove that when 𝑚 ൐
ଵ

ଷ
𝛾ଶ , 𝑥ସሺ𝑚ሻ ൐ 1  and 𝑥ଷሺ𝑚ሻ  is decreasing with m. 

Therefore, we do not need to consider 𝑥ସሺ𝑚ሻ when 0 ൏ 𝑥 ൏ 1. Given t and λ, we have the 

unique 𝑚ே such that 𝑥ଷሺ𝑚ேሻ ൌ
௧మఙర஛మ

ሺଵା௧ఙమሻమ
. We can prove that ℎ ൐ 0 if and only if 𝑚 ൏ 𝑚ே. 

Since 𝑥ଷሺ𝑚ሻ ൐ 1  when 𝑚 ൏
ଵ

ଶ
𝛾ଶ  and 𝑥ଷሺ𝑚ሻ ൐ 0  when 𝑚 ൐

൫ଷା√ହ൯

ସ
𝛾ଶ . We can obtain 

that 
ଵ

ଶ
𝛾ଶ ൏ 𝑚ே ൏

൫ଷା√ହ൯

ସ
𝛾ଶ . Note that 𝑥ଷሺ𝑚ሻ  is increasing in  𝑡 ,  𝜆  and 𝛾  (i.e., 

ௗ௫య൫௠ಿ൯

ௗ௧
 =

ଶ௧ఙరఒమ

ሺଵା௧ఙమሻయ
൐ 0 , 

ௗ௫య൫௠ಿ൯

ௗఒ
ൌ

ଶ௧మఙరఒ

ሺଵା௧ఙమሻమ
൐ 0 , 

ௗ௫య൫௠ಿ൯

ௗఊ
ൌ

଼௠ಿఊඥଶ௠ಿሺ଺௠ಿିఊమሻ

௠ಿሺସ௠ಿିఊమሻమ
൅

ሺସ௠ಿିଶఊమሻଶ௠ಿఊ

௠ಿሺସ௠ಿିఊమሻඥଶ௠ಿሺ଺௠ಿିఊమሻ
ൌ

ସఊൣଷଶሺ௠ಿሻమିଵ଴௠ಿఊమାఊర൧

ሺସ௠ಿିఊమሻమඥଶ௠ಿሺ଺௠ಿିఊమሻ
൐ 0 ), 𝑥ଷሺ𝑚ሻ  is decreasing with 𝑚 . 

Therefore, 𝑚ே  is decreasing in 𝑡 , 𝜆 , and increasing in 𝛾 . In addition, 𝑚ே ൏ 𝑚ௌ  because 

𝑥ଵሺ𝑚ሻ ൐ 𝑥ଷሺ𝑚ሻ if 
ଵ

ଶ
𝛾ଶ ൏ 𝑚 ൏

൫ଷା√ହ൯

ସ
𝛾ଶ. 

Proposition 9: 

Proof. For part (a), we divide the expression 𝜋ோ೔
ௌ௑ೕ െ 𝜋ோ೔

ே௑ೕ into two parts, i.e., 𝜋ோ೔
ௌ ቀ𝐶௝

௑ೕேቁ െ

𝜋ோ೔
ே ቀ𝐶௝

௑ೕேቁ  and 𝜋ோ೔
ௌ ቀ𝐶௝

௑ೕௌቁ െ 𝜋ோ೔
ௌ ቀ𝐶௝

௑ೕேቁ , that is 𝜋ோ೔
ௌ௑ೕ െ 𝜋ோ೔

ே௑ೕ ൌ 𝜋ோ೔
ௌ ቀ𝐶௝

௑ೕேቁ െ

𝜋ோ೔
ே ቀ𝐶௝

௑ೕேቁ ൅ 𝜋ோ೔
ௌ ቀ𝐶௝

௑ೕௌቁ െ 𝜋ோ೔
ௌ ቀ𝐶௝

௑ೕேቁ . We find that 𝜋ோ೔
ௌ ቀ𝐶௝

௑ೕேቁ െ 𝜋ோ೔
ே ቀ𝐶௝

௑ೕேቁ ൌ



௧ఙర൬ଵିఒ஼ೕ
೉ೕಿ൰

మ
൫଼௠ఊమି଼௠మିఊర൯

ସሺସ௠ିఊమሻమሺଵା௧ఙమሻ
൒ 0  when 𝑚 ൑

൫ଶା√ଶ൯

ସ
𝛾ଶ , and 𝜋ோ೔

ௌ ቀ𝐶௝
௑ೕௌቁ െ 𝜋ோ೔

ௌ ቀ𝐶௝
௑ೕேቁ ൌ

௠మ௧ఙరఒ൬஼ೕ
೉ೕಿି஼ೕ

೉ೕೄ൰൬ଶିఒ஼ೕ
೉ೕೄିఒ஼ೕ

೉ೕಿ൰

ሺସ௠ିఊమሻమሺଵା௧ఙమሻ
൒ 0  when 𝑚 ൑
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𝛾ଶ . Therefore, we can prove that 
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ௌ௑ೕ  ( 𝑖 ൌ 1, 2 ) when 𝑚 ൑
ଵ

ଶ
𝛾ଶ , so retailer 𝑖  will share the information with 

manufacturer 𝑖 without any payment, and the ሺ𝑆, 𝑆ሻ is the unique equilibrium; For part (b), 

when 
ଵ

ଶ
𝛾ଶ ൏ 𝑚 ൏ 𝑚ே, we can obtain both that 𝑉௜

ௌ ൐ 0 and 𝑉௜
ே ൐ 0 for 𝑖 ൌ 1, 2, so 𝑆 is 

the dominant strategy for both manufacturers and ሺ𝑆, 𝑆ሻ is the unique equilibrium; For part 

(c), when 𝑚ே ൏ 𝑚 ൏ 𝑚ௌ, we can obtain that 𝑉௜
ே ൏ 0 and 𝑉௜

ௌ ൐ 0 for 𝑖 ൌ 1, 2, so ሺ𝑁,𝑁ሻ 

and ሺ𝑆, 𝑆ሻ  are possible equilibria. However, we can show that 𝜋ெ೔
ேௌ ൅ 𝑉௜

ௌ ൐ 𝜋ெ೔
ேே  for 𝑖 ൌ

1, 2. Hence, ሺ𝑆, 𝑆ሻ is optimal; For part (d), when 𝑚 ൐ 𝑚ௌ, we can show that 𝑉௜
ௌ ൏ 0 and 

𝑉௜
ே ൏ 0. Therefore, ሺ𝑁,𝑁ሻ is the unique equilibrium.  

 


