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Online appendix 
 
This online appendix contains some additional details about the derivations that are behind 

key equations in the paper. In particular, we provide the complete set of equilibrium 

conditions. 

The business cycle DSGE model aiming to capture the development of the 

shadow banking sector in China is solved via perturbation methods as we approximate the 

model around its steady state up to the first order.  For this, we employ the DYNARE 

package using external MATLAB functions for the steady state values. Last but not least, 

we use Guerrieri and Iacoviello’s (2014) linear first-order piecewise perturbation algorithm 

in order to analyze the effects of interest rate controls. For ease of notation, we adopt the 

following notation introduced by Verona et al. (2013): 

 
𝑞𝑡 =

𝑄𝐾� ,𝑡
𝑃𝑡

  

 𝜆𝑛,𝑡 = 𝜆𝑡𝑃𝑡  

 𝑤𝑒,𝑟𝑒 = 𝑊𝑒,𝑟𝑒

𝑃𝑡
   

 𝑤𝑒,𝑠𝑒 = 𝑊𝑒,𝑠𝑒

𝑃𝑡
   

 𝑤𝑠𝑏 = 𝑊𝑠𝑏

𝑃𝑡
    

 𝑛𝑡+1𝑠𝑒 = 𝑁𝑡+1
𝑠𝑒

𝑃𝑡
   

 𝑛𝑡+1𝑟𝑒 = 𝑁𝑡+1
𝑟𝑒

𝑃𝑡
   

 𝑛𝑡+1𝑠𝑏 = 𝑁𝑡+1
𝑠𝑏

𝑃𝑡
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Intermediate good producers 
 
The arbitrage condition for the choice of capital services implies 

 

(1) 𝑟𝑡
𝑘,𝑟𝑒

𝑟𝑡
𝑘,𝑠𝑒 = � 𝑢𝑡

𝑟𝑒  𝐾�𝑡−1
𝑟𝑒  

 𝑢𝑡
𝑠𝑒 𝐾�𝑡−1

𝑠𝑒  
�
𝜌−1

 

 
Deriving the marginal cost of intermediate good producer yields 

 

                                 𝐴 =

⎝

⎜
⎜
⎛
− 𝑟𝑡

𝑘,𝑟𝑒(𝜂 (𝑢𝑡
𝑟𝑒  𝐾�𝑡−1

𝑟𝑒 )𝜌+(1−𝜂) ( 𝑢𝑡
𝑠𝑒 𝐾�𝑡−1

𝑠𝑒 )𝜌)1−
1
𝜌

𝛼 �𝑢𝑡
𝑟𝑒  𝐾�𝑡−1

𝑟𝑒 �𝜌−1 � ℎ𝑡

�𝜂 �𝑢𝑡
𝑟𝑒  𝐾�𝑡−1

𝑟𝑒 �
𝜌
+(1−𝜂) � 𝑢𝑡

𝑠𝑒 𝐾�𝑡−1
𝑠𝑒 �

𝜌
�
1
𝜌
�

1−𝛼

 

⎠

⎟
⎟
⎞

 

 
 

(2)                                          B =   𝜌 � 𝑤�𝑡
1−𝛼

�
1− 𝛼

𝜌+𝛼−𝜌 𝛼  ��𝑢𝑡𝑟𝑒  𝐾�𝑡−1𝑟𝑒 �𝜌−1  𝛼
𝑟𝑡
𝑘,𝑟𝑒�

−α
𝜌+𝛼−𝜌 𝛼

 
 

                           C =  ���𝜂 �𝑢𝑡𝑟𝑒  𝐾�𝑡−1𝑟𝑒 �𝜌 +  (1 − 𝜂)� 𝑢𝑡𝑠𝑒 𝐾�𝑡−1𝑠𝑒 �𝜌�
1
𝜌�
𝛼

 ℎ𝑡1−𝛼�

(𝜌−1) 𝛼
𝜌+𝛼−𝜌 𝛼

1
𝜌+𝛼−𝜌 𝛼

 

 
                                                                                A B C=0 . 
Solving for an expression for the total amount of capital services gives us 

 

(3)                                           𝐾𝑡 = �𝜂 �𝑢𝑡𝑟𝑒  𝐾�𝑡−1𝑟𝑒 �𝜌 + (1 − 𝜂) � 𝑢𝑡𝑠𝑒 𝐾�𝑡−1𝑠𝑒 �𝜌�
1
𝜌    

 
As is common in the literature, we employ a Cobb-Douglas production function which is 

defined as 

 
(4)                                                              𝑌𝑡 = exp (a𝑡)ℎ𝑡1−𝛼K𝑡−1

𝛼   .                            
 
 
Capital producers 
 
The first-order condition with respect to investment yields 

 

(5) 𝜆𝑛,𝑡 𝑞𝑡  �1 − 𝑆′′

2
 � 𝐼𝑡
𝐼𝑡−1

− 1�
2
− � 𝐼𝑡

𝐼𝑡−1
− 1�  𝑆

′′ 𝐼𝑡
𝐼𝑡−1

� − 𝜆𝑛,𝑡 
 

                                     +𝛽 𝜆𝑛,𝑡+1 𝑞𝑡+1 𝑆 �𝐼𝑡+1
𝐼𝑡
�
2

 �𝐼𝑡+1
𝐼𝑡
− 1� = 0  
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and the law of motion for the evolution of capital stock is 

 

(6)  𝜂 𝐾�𝑡𝑟𝑒 + (1 − 𝜂) 𝐾�𝑡𝑠𝑒 − (1 − 𝛿) �𝜂 𝐾�𝑡𝑟𝑒 + (1 − 𝜂) 𝐾�𝑡𝑠𝑒� − 𝐼𝑡  �1 − 𝑆′′

2
 � 𝐼𝑡
𝐼𝑡−1

− 1�
2
� = 0. 

 
 
Shadow banks and high-risk firms 
 
The law of motion for optimism in the shadow banking sector is given by 

 
(7)                                            𝜒𝑡𝑠𝑏 = 𝜌𝜒𝑠𝑏𝜒𝑡−1𝑠𝑏 + �1 − 𝜌𝜒𝑠𝑏� 𝛼𝑠𝑏 (𝑛𝑡𝑟𝑒 − 𝑛�𝑟𝑒) .  
 
The first-order condition with respect to capital utilization of high-risk firm is 

 
(8) 𝑟𝑡

 𝑘,𝑟𝑒 = 𝑎′(𝑢𝑡𝑟𝑒) .  
 
The rate of return to capital of high-risk firm can be written as 

 
(9)                    1 + 𝑅𝑡

𝑘,𝑟𝑒 = 𝜋𝑡
𝑞𝑡−1

�[𝑢𝑡𝑟𝑒𝑟𝑡
𝑘,𝑟𝑒 − 𝑎(𝑢𝑡𝑟𝑒)] + (1 − 𝛿)𝑞𝑡� .  

 
The debt contract between the high-risk firm and the shadow bank requires 

 

(10)    𝐸𝑡 �[1 − Γ𝑡(𝜔�𝑡+1𝑎 )] 1+𝑅𝑡
𝑘,𝑟𝑒

1+𝑟𝑡
𝐸 + Γ′(𝜔�𝑡+1

𝑎 )
Γ′(𝜔�𝑡+1

𝑎 )−𝜇𝐺′(𝜔�𝑡+1
𝑎 )

[Γ𝑡(𝜔�𝑡𝑎) − 𝜇𝐺𝑡(𝜔�𝑡𝑎) 1+𝑅𝑡
𝑘,𝑟𝑒

1+𝑟𝑡
𝐸 − 1]� = 0  

 
The associated profit condition of the shadow bank is 

 

(11)                                        [Γ𝑡(𝜔�𝑡𝑎) − 𝜇𝐺𝑡(𝜔�𝑡𝑎)] 𝑞𝑡−1𝐾
�𝑡
𝑟𝑒

𝑛𝑡
𝑟𝑒

1+𝑅𝑡
𝑘,𝑟𝑒

1+𝑟𝑡
𝐸 = 𝑞𝑡−1𝐾�𝑡

𝑟𝑒

𝑛𝑡
𝑟𝑒 − 1   

 
As a result, the law of motion of high-risk firm’s net worth is 

 
(12)                    𝑛𝑡+1𝑟𝑒 = 𝛾𝑟𝑒 𝑞𝑡−1

𝜋𝑡
𝐾�𝑡𝑟𝑒 �𝑅𝑡

𝑘,𝑟𝑒 − 𝑟𝑡𝐸 − 𝜇 ∫  𝜔𝑡
𝑎

0 𝜔𝑑𝐹𝑡−1(𝜔)�1 + 𝑅𝑡
𝑘,𝑟𝑒�� 

 

                                                        +𝛾𝑟𝑒 𝑛𝑡
𝑟𝑒

𝜋𝑡
(1 + 𝑟𝑡𝐸) + 𝑤𝑒,𝑟𝑒  

 
and the external finance premium is determined as 

 

(13) 𝑃𝑡
𝑒𝑥𝑡,𝑟𝑒 =

𝐾�𝑡
𝑟𝑒 𝑞𝑡 𝜔�𝑡+1

𝑎  �1+𝑅𝑡+1
𝑘,𝑟𝑒�

𝑞𝑡 𝐾�𝑡
𝑟𝑒−𝑛𝑡

𝑟𝑒 − (1 + 𝑟𝑡𝐸)  
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The no-default lending rate on high-risk firm’s debt is 

 

(14) 𝑅𝑡𝑠𝑏 =
𝐾�𝑡
𝑟𝑒 𝑞𝑡 𝜔�𝑡+1

𝑎  �1+𝑅𝑡+1
𝑘,𝑟𝑒�

𝑞𝑡 𝐾�𝑡
𝑟𝑒−𝑛𝑡

𝑟𝑒   
 
The arbitrage condition for shadow bank savings deposits is 

 

(15)                                                                𝑟𝑡𝐸 = 1+𝑟𝑡
𝑑

1−𝜙𝑡
− 1 . 

 
The ex-post default threshold value of high-risk firms is 

 
(16)                                                           𝜔�𝑡𝑏 = 𝜔�𝑡𝑎 (1 + 𝜒𝑡𝑟𝑒)                               
 
The law of motion of shadow bank’s net worth is given by  

 
(17)                                           𝑛𝑡𝑠𝑏 = (1 − 𝜙𝑡−1)𝑛𝑡−1𝑠𝑏 + [1 − 𝐹𝑡(𝜔�𝑡)]𝑅𝑡𝑠𝑏𝐿𝑡𝑟𝑒 
 

        +(1 − 𝜇)∫  𝜔�𝑡
𝑏

0 𝜔𝑑𝐹(𝜔)�1 +  𝑅𝑡
𝑘,𝑟𝑒�𝑄𝐾�,𝑡−1 𝐾�𝑡𝑟𝑒 − (1 + 𝑟𝑡𝐸)𝐿𝑡𝑟𝑒 + 𝑤𝑠𝑏          

 
The shadow bank’s capital ratio is defined as 

 

(18)                                                                 𝜅𝑡𝑠𝑏 = 𝑛𝑡
𝑠𝑏

𝐿𝑡
𝑟𝑒  . 

 
Finally, the shadow bank’s default probability  

 
(19)                                                          𝜙𝑡 = 𝑐𝑑𝑓(𝜅𝑡𝑠𝑏,𝜎𝑠𝑏) .  
 
 
Commercial banks and low-risk firms 
 
The law of motion for optimism in the formal banking sector takes the form 

 
(20)                                          𝜒𝑡𝑟𝑏 = 𝜌𝜒𝑟𝑏𝜒𝑡−1𝑟𝑏 − 𝛼𝑟𝑏�1 − 𝜌𝜒𝑟𝑏� (𝑛𝑡𝑠𝑒 − 𝑛�𝑠𝑒 )  
 
The time-varying interest elasticity due to optimism is 

 
(21) 𝜀𝑡

𝑙,𝑜𝑝 = 𝜀𝑙�1 + 𝜒𝑡𝑟𝑏� . 
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The first-order condition with respect to capital utilization of low-risk firms yields 

 
(22)                                                         𝑟𝑡

𝑘,𝑠𝑒 = 𝑎′(𝑢𝑡𝑠𝑒)  
 

and the associated rate of return to capital of low-risk firm is 

 
(23)                                             1 + 𝑅𝑡

𝑘,𝑠𝑒 = 𝜋𝑡
𝑞𝑡−1

�[𝑢𝑡𝑠𝑒𝑟𝑡
𝑘,𝑠𝑒 − 𝑎(𝑢𝑡𝑠𝑒)] + (1 − 𝛿)𝑞𝑡� .  

 
The low-risk firm chooses capital to maximize profits, so the first-order conditions is 

(24) 𝑅𝑡+1𝑟𝑏 − 𝑅𝑡+1
𝑘,𝑠𝑒 − 1 + 1

𝛽
= 0 .  

 
The associated law of motion of low-risk firm’s net worth is 

 
(25)                             𝑛𝑡𝑠𝑒 = 𝑞𝑡−1 𝐾�𝑡−1𝑟𝑒  𝛾

𝑙

𝜋𝑡
 �𝑅𝑡

𝑘,𝑠𝑒 − 𝑟𝑡−1𝑙 � + 𝛾𝑙

𝜋𝑡
 �1 + 𝑟𝑡−1𝑙 � 𝑛𝑡−1𝑠𝑒 + 𝑤𝑒,𝑠𝑒 .  

 
The relationship between commercial bank’s deposits and loans is 

 
(26) 𝐷𝑡

1−𝜈
𝜈

= 𝐿𝑡𝑠𝑒.  
 
Solving for the commercial bank’s deposit rate yields 

 
(27) (1 + 𝑟𝑡𝑑) = 𝜀𝑑

𝜀𝑑−1
(1 + 𝑅𝑡𝑑)  

 
The optimal rule for setting the commercial bank’s lending rate is1 

 
(28)                                       1 + 𝑟𝑡+1𝑙 = 1

𝜀𝑡+1
𝑙,𝑜𝑝−1+𝜅𝑙

[𝜀𝑡+1
𝑙,𝑜𝑝(1 + 𝑅𝑡+1𝑙 ) + 𝜅𝑙(1 + 𝑟𝑡+1

𝑙,𝑐𝑏)]  

 
The relationship between PboC’s policy rate and the deposit rate of the wholesale branch 

of the commercial bank becomes 

 
(29) 𝑅𝑡𝑑 = 𝑅𝑡 + 𝑐𝑑

𝑌�
𝐷𝑡
𝜈

  
 

1Since the lending benchmark rate is not necessarily binding, it is important to allow for the possibility that 
banks set a lending rate lower than the floor determined by the central bank. In order to do that we identify 
two regimes for equation (28) by means of Guerrieri and Iacoviello’s (2014) algorithm: 
 

𝑘𝑙 = �
𝑥 if𝑟𝑡𝑙 < 𝑟𝑡

𝑙,𝑐𝑏

0 if𝑟𝑡𝑙 ≥ 𝑟𝑡
𝑙,𝑐𝑏

� 
 

where 𝑥 takes on different values depending on the tightness of the lending rate regulation. 
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Furthermore, the relationship between PboC’s policy rate and the lending rate of wholesale 

branch of the commercial bank 

 
(30) 𝑅𝑡𝑙 = 𝑅𝑡 + 𝑘𝑤(𝐿𝑡𝑠𝑒 − 𝐿𝑡𝑐𝑏) + 𝐿𝑡𝑠𝑒

𝑐𝑙
𝑌�

  
 
 
Households 
 
The first-order condition with respect to time deposits is 

 

(31) �−𝜆𝑛,𝑡� + 𝜆𝑛,𝑡+1 𝛽 �1+𝑟𝑡
𝑑�

𝜋𝑡+1
= 0  

 
and the first-order condition with respect to consumption yields 

 
(32) 𝜆𝑛,𝑡 − (𝐶𝑡 − 𝑏 𝐶𝑡−1)(−𝜎𝑐) + 𝛽 𝑏 (𝐶𝑡+1 − 𝐶𝑡 𝑏)(−𝜎𝑐) = 0 .  
 
 
Aggregate resource constraint 
 
The aggregate resource constraint can be written as 

 

(33)   𝐶𝑡 + 𝐼𝑡 + 𝜂𝜇 ∫  𝜔�𝑡
𝑏

0 𝜔𝑑𝐹(𝜔)�1 + 𝑅𝑡
𝑘,𝑟𝑒�

𝑄𝐾� ,𝑡−1𝐾�𝑡
𝑟𝑒

𝑃𝑡
  

 

         +𝜂𝑎(𝑢𝑡𝑟𝑒)𝐾�𝑡𝑟𝑒 + (1 − 𝜂)𝑎(𝑢𝑡𝑠𝑒)𝐾�𝑡𝑠𝑒 = 𝑌𝑡 .  

 
 
First-order conditions associated with Calvo sticky prices and wages 
 
The relevant equations are: 

 

(34)                                                  𝜆𝑛,𝑡 𝑌𝑡 + 𝛽 𝜃𝑝 �
𝜋𝑡
1−𝜄1

𝜋𝑡+1
�

1
1−𝜆𝑓  𝐹𝑝,𝑡+1 − 𝐹𝑝,𝑡 = 0  

 
 

(35) 𝑟𝑡
𝑘,𝑟𝑒(𝜂 (𝑢𝑡

𝑟𝑒 𝐾�𝑡−1
𝑟𝑒 )𝜌+(1−𝜂) (𝑢𝑡

𝑠𝑒 𝐾�𝑡−1
𝑠𝑒 )𝜌)1−

1
𝜌

𝛼 �𝑢𝑡
𝑟𝑒 𝐾�𝑡−1

𝑟𝑒 �𝜌−1 � ℎ𝑡

�𝜂 �𝑢𝑡
𝑟𝑒 𝐾�𝑡−1

𝑟𝑒 �
𝜌
+(1−𝜂) �𝑢𝑡

𝑠𝑒 𝐾�𝑡−1
𝑠𝑒 �

𝜌
�
1
𝜌
�

1−𝛼

 

 𝜆𝑛,𝑡 𝑌𝑡 𝜆𝑓 

 

                                                           +𝛽 𝜃𝑝𝐾𝑝,𝑡+1  �𝜋𝑡
1−𝜄1

𝜋𝑡+1
�

�−𝜆𝑓�
𝜆𝑓−1 − 𝐾𝑝,𝑡 = 0  
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(36)                                           ℎ𝑡 �(𝐶𝑡−𝑏 𝐶𝑡−1)(−𝜎𝑐)−𝛽 𝑏 (𝐶𝑡+1−𝐶𝑡 𝑏)(−𝜎𝑐)�
𝜆𝑤

 
 

                      +
𝛽 𝜃𝑤�𝜋𝑡

1−𝜄𝑤,1�
1

1−𝜆𝑤

𝜋𝑡+1
 � 1

𝜋𝑡+1 𝑤�𝑡+1
𝑤�𝑡

�

𝜆𝑤
1−𝜆𝑤

 𝐹𝑤,𝑡+1 − 𝐹𝑤,𝑡 = 0  

 
 

(37)  ℎ𝑡
1+𝜎𝑙 + 𝛽 𝜃𝑤 �

𝜋𝑡
1−𝜄𝑤,1

𝜋𝑡+1 𝑤�𝑡+1
𝑤�𝑡

�

𝜆𝑤�1+𝜎𝑙�
1−𝜆𝑤

 𝐾𝑤,𝑡+1 − 𝐾𝑤,𝑡 = 0  

 
 

(38) 𝐾𝑝,𝑡 − 𝐹𝑝,𝑡  

⎝

⎜
⎛1−𝜃𝑝�

𝜋𝑡−1
1−𝜄1

𝜋𝑡
�

1
1−𝜆𝑓

1−𝜃𝑝

⎠

⎟
⎞

1−𝜆𝑓

= 0  

 
 

(39)   𝐾𝑤,𝑡 −
𝑤�𝑡 𝐹𝑤,𝑡
𝜓𝑙

 

⎝

⎜⎜
⎛1−𝜃𝑤�

𝜋𝑡−1
1−𝜄𝑤,1

𝑤�𝑡 𝜋𝑡
𝑤�𝑡−1

�

1
1−𝜆𝑤

1−𝜃𝑤

⎠

⎟⎟
⎞

1−𝜆𝑤(1+𝜎𝑙)

= 0  

 
 
Aggregate variables 
 
The expression for aggregate net worth is 

 
(40) 𝑛𝑡

𝑎𝑔 = 𝑛𝑡𝑟𝑒 𝜂 + 𝑛𝑡𝑠𝑒 (1 − 𝜂) .  
 
The total amount of low-risk firm’s loans is given by 

(41) 𝐿𝑡+1𝑠𝑒 = 𝑞𝑡 𝐾�𝑡+1𝑠𝑒 − 𝑛𝑡+1𝑠𝑒  ,  
 
while the total amount of high-risk firm’s loans is 

 
(42) 𝐿𝑡+1𝑟𝑒 = 𝑞𝑡 𝐾�𝑡+1𝑟𝑒 − 𝑛𝑡+1𝑟𝑒  .  
 
The leverage of low-risk and high-risk firms is 

 
(43) 𝑙𝑒𝑣𝑡𝑠𝑒 = 𝑞𝑡 𝐾�𝑡

𝑠𝑒

𝑛𝑡
𝑠𝑒   

 
and 
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(44) 𝑙𝑒𝑣𝑡𝑟𝑒 = 𝑞𝑡 𝐾�𝑡

𝑟𝑒

𝑛𝑡
𝑟𝑒  ,  

 
respectively. Substituting yields average leverage 

 
(45) 𝑙𝑒𝑣𝑡

𝑎𝑔 = 𝜂 𝑙𝑒𝑣𝑡𝑟𝑒 + (1 − 𝜂) 𝑙𝑒𝑣𝑡𝑠𝑒,  
 
and the aggregate loan amount 

 
(46) 𝐿𝑡

𝑎𝑔 = 𝜂 𝐿𝑡𝑟𝑒 + (1 − 𝜂) 𝐿𝑡𝑠𝑒.  
 
 
Monetary policy 
 
The PBoC’s Taylor-rule for setting the policy rate is 

 
(47)                                 𝑅𝑡 = 𝜌�(𝑅𝑡−1) + (1 − 𝜌�)[𝑅�  + 𝛼𝜋(𝜋𝑡 − 𝜋�) + 𝛼𝑦(𝑌𝑡 − 𝑌�)]+𝜀𝑡𝑀𝑃 . 
 
The PBoC’s deposit rate ceiling is determined according to 

 
(48)                                        𝑟𝑡

𝑑,𝑐𝑏 = 𝑟̅𝑑 ,  
 
while the PBoC’s lending rate floor is 

 
(49)                                                                     𝑟𝑡

𝑙,𝑐𝑏 = 𝑟̅𝑙 .  
 
Finally, PBoC’s window guidance policy follows the Taylor-type rule 

 
(50)    𝐿𝑡𝐶𝐵 = ϕ𝑙𝑐𝑏(𝐿𝑡−1𝐶𝐵 ) + (1 − ϕ𝑙𝑐𝑏)�𝐿�𝑠𝑒 + ϕ𝑙𝑙[𝐿𝑡 − 𝐿�𝑠𝑒 ] + ϕ𝑙𝜋[𝜋𝑡 − 𝜋�] + ϕ𝑙

𝑦[𝑌𝑡 − 𝑌�]�.  
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