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Abstract

:

Recent literature and empirical evidence reveal that, compared to advanced economies (AEs), most emerging market economies (EMEs) exhibit much lower volatilities of unemployment rate, and they link these differences to the larger size of informal economies in EMEs. As a representative EME, real data indicate that China also exhibits a lower volatility of unemployment rate, while the size of informal economy in China is quite small. Therefore, we argue that it is the large size of unregistered employment, not the size of informal economy, that plays the key role in explaining the lower volatility of unemployment rate in China. We constructed a DSGE model incorporating unregistered employment and revised Nash wage bargaining to support our hypothesis. We found that there exist “diminishing effects” to the deviations of unemployment rate triggered by shocks under bigger size of unregistered employment condition. The standard deviation of unemployment rate has negative correlation with the size of unregistered employment, which means identical shocks will induce lower volatility of unemployment rate under larger size of unregistered employment condition. We conclude that the costs of unregistered employment far outweigh their benefits and, facing a complicated, changeable and deteriorating external environment, a labor market without such distortion of employment is more beneficial for the sustainable development of the Chinese labor market.
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1. Introduction


Recent literature and empirical evidence reveal that, compared to advanced economies (AEs), most emerging market economies (EMEs) exhibit much lower absolute and relative volatilities (with respect to output) of unemployment rate. For instance, using the data of 14 EMEs and 14 AEs from 1980 Q1–2018 Q2, Horvath and Yang [1] find that the mean absolute and relative standard deviations of unemployment rate in 14 EMEs are 9.26 and 4.63 (see Table 1), much lower than the means of 14 AEs (11.03, 7.74), and they link these differences to the larger size of informal economies in EMEs. As a representative EME, real data indicate that China also exhibits the distinct unemployment rate dynamics with a lower absolute volatility (0.023) and relative volatility (1.92) compared to Australia and USA, representative AEs (see Table 2). While as estimated by the insightful paper of Schneider et al. [2], the size of informal economy in China is quite small, ranking 9th among 151 countries and even much smaller than most AEs. Therefore, we argue that the size of informal economy cannot explain the distinct unemployment rate dynamics of China.



We hypothesize that the large size of unregistered employment may be an alternative and play the key role in explaining the distinct unemployment rate dynamics of China. The unregistered employment refers to the phenomenon that a proportion of registered unemployment workers are actually employed by firms that can earn incomes. The immediate cause for the existence of unregistered employment is the “moral risk” under information asymmetry and imperfect labor regulation environment [3]. For unregistered employment workers, they can earn wages from firms, which is an opportunity to survive, and they can also receive unemployment benefits from the government at the same time. While for firms, hiring unregistered employment workers means cost reductions, they can pay only a portion of wage to unregistered employment workers with the same labor inputs, but without paying various social insurances compared with formal employees. Therefore, these “mutual benefits”, together with the rigidity and weak enforcement of labor regulation in China, promote the existence of unregistered employment. The unregistered employment was considered to be a unique and temporary phenomenon during the economic transition periods [4], however, it has proved to be quite common in China [5]. Although there have been no official data, we can still confirm the existence of a large number of unregistered employment workers in China from regional surveys or literature. For instance, a survey conducted by the Nanjing Municipal Labor and Social Security Department in 1997 found that about 40% registered unemployment workers actually were working in Nanjing. A joint survey conducted by the Chinese Academy of Labor Sciences and the World Bank in 1998 found the proportion was about 46.8% in Wuhan and Shenyang. Lu and Tian [6] found the proportion was more than 40% in Shanghai, based on the survey data of Shanghai, 2005.



The unregistered employment in this paper is quite different from the conventional informal economy literature [7,8]. In these papers, workers are divided into formally employed workers, informally employed workers and unemployed workers. While in our paper, workers are classified into three categories: formally employed workers, registered unemployment workers who actually have jobs (unregistered employment workers) and registered unemployment workers with no jobs that coincide with the definition of unregistered employment and the reality of China. This setting is extremely important as it adds a new choice for workers and changes the structure of Nash wage bargaining while is ignored.



As a widely used macroeconomic analysis framework, DSGE has advantages in dealing with the volatilities of variables; therefore, we construct a DSGE model incorporating unregistered employment and revised Nash wage bargaining to investigate the effects of unregistered employment on the distinct unemployment rate dynamics of China. We find that the standard deviation of unemployment rate has negative correlation with the size of unregistered employment, which means identical shocks will induce lower volatility of unemployment rate under the larger size of unregistered employment condition. These findings support our hypothesis that it is the large size of unregistered employment, not the size of informal economy, that plays the key role in explaining the lower volatility of unemployment rate in China. We also analyze the tradeoffs of unregistered employment, and we conclude that the costs of unregistered employment far outweigh its benefits. A labor market without such distortion of employment is more beneficial for the sustainable development of the Chinese labor market.



This paper relates to the literature on unemployment rate dynamics. The Diamond–Mortensen–Pissarides search-matching model (DMP) pioneered by Diamond [9], Mortensen [10] and Pissarides [11] reasonably explains the “labor market friction” where job vacancy and unemployment coexist and provide a framework for studying unemployment rate dynamics. Since then, the DMP search-matching model has become a standard theoretical model and is quite popular in analyzing unemployment problems. However, Shimer [12] argues that the conventional DMP search-matching model cannot generate the observed high degree of unemployment rate dynamics in response to shocks of a plausible magnitude due to the Nash wage bargaining settings, where employees receive a constant fraction of the match surplus. Solving Shimer’s argument, one strand of the literature upholds the correctness of the DMP search-matching model, e.g., Hagedorn and Manovskii [13] recalibrate the value of non-market activity and the bargaining weights and find that the model is consistent with the data. Another strand modifies the traditional DMP search-matching model, e.g., by introducing real wage rigidity [12], staggered multi-period Nash wage bargaining [14] or alternating offer bargaining [15]. An explosion of recent literature also incorporates labor market frictions into DSGE model to better explain the dynamics of the business cycle [16]. This kind of augmented DSGE model performs well in analyzing the unemployment rate dynamics in response to various shocks; however, there is little literature focused on the distinct unemployment rate dynamics of China, and no theoretical DSGE model with unregistered employment and revised Nash wage bargaining has been constructed before.



This paper also relates to the literature on China’s unemployment problems. The related literature concentrates on the following four aspects: the characteristics and determinants of China’s unemployment [17], the status of China’s unemployment [18]; the links between economic growth and China’s unemployment [19] and the countermeasures to promote employment and reduce China’s unemployment rate [20]. However, the existing research literature focuses on qualitative analyses; therefore, it lacks quantitative analyses and also ignores the importance of unregistered employment on the unemployment rate dynamics of China.



Finally, this paper adds to the large literature on explaining the differences in business cycle volatilities between EMEs and AEs. For instance, compared to AEs, EMEs seems to exhibit higher fluctuations on consumption relative to output [21], higher output volatilities but lower employment fluctuations [8], lower absolute and relative volatilities of unemployment rate [1]. This paper focuses on the unemployment rate dynamics while, as mentioned earlier, existing literature links the distinct unemployment rate dynamics in EMEs to the larger size of informal economies, whereas this paper identifies the role of unregistered employment and provides a new perspective for understanding the distinct unemployment rate dynamics in EMEs.



This paper contributes to the literature in three ways. First, in terms of research subject, we explain the lower absolute and relative volatilities of unemployment rate in China from the perspective of unregistered employment which the previous literature rarely studied. Second, in terms of research method, we introduce unregistered employment and revised Nash wage bargaining into DSGE model that made our model more in line with the situation of China’s labor market. Third, in terms of research results, we identify the important role of unregistered employment on unemployment rate dynamics of China and put forward policy recommendations to cope with this labor market distortion for the sustainable development of the Chinese labor market.



The remainder of this paper is organized as follows: we describe and estimate the DSGE model in Section 2. In Section 3, we present the model fit and apply this model to investigate the effects of unregistered employment on unemployment rate dynamics of China. In Section 4, we discuss the main findings and also analyze the tradeoffs of unregistered employment. Section 5 is the conclusion and implications.




2. The DSGE Model


2.1. Household


In the open economy, there exists a representative household that has a unit measure of workers. We denote    N t X    as the portion of formally employed workers at time  t , and they earn real wage    w t   . The remaining   1 −  N t X    portion of workers is in the status of unemployment; then unemployment rate    U t    equals   1 −  N t X   . Among the unemployment workers, a portion of workers under-report their employment, and they are in the status of unregistered employment. The number of unregistered employment workers    N t Y    is non-optimization based; it depends on the rigidity and enforcement of China’s labor regulation; therefore, we assume it follows an exogenous progress:   l o g  N t Y  =  (  1 −  ρ  n y    )  l o g  N Y  +  ρ  n y   l o g  N  t − 1  Y  +  ε t  n y    . Moreover, we assume firms pay only a portion of real wage   ϕ  w t   ,   0 < ϕ < 1   to unregistered employment workers without modeling the detailed types of cost reductions. For registered unemployment workers with no jobs, we assume they earn zero income. In each period, the representative household makes decisions on consumption, labor supply, investment and different bonds holding. They earn wages, own capital and rent to firms at a total capital return rate    R t K   , get interests from different bonds holding, own firms and earn revenues    ℱ t    and pay a lump-sum tax    T t    to the government. The representative household obtains separable utilities from consumption and leisure and will always maximize life utilities subject to real budget constraint and capital accumulation equation:


  m a x  E 0    ∑   t = 0  ∞   β t   {  l o g  (   C t  − h  C  t − 1    )  − ψ    N t  1 + η     1 + η    }   










  s . t .    C t  +    Θ b   2     (   ℶ t  −  ℶ ¯   )   2     B t d  +  e t   B t f     P t    +  I t     P t I     P t    ≤  w t   N t X  + ϕ  w t   N t Y  +  R t K   K t  +  i  t − 1  d     B  t − 1  d     P t    +  i  t − 1  f     e t   B  t − 1  f     P t    +    ℱ t     P t    −    T t     P t     










   K  t + 1   =  z t   {  1 −  χ 2     (     I t     I  t − 1     − 1  )   2   }   I t     P t I     P t    +  (  1 − δ  )   K t   



(1)




where    C t    denotes the real consumption;    N t    denotes the aggregate labor supply:     N t  =  N t X  +  N t Y   ;    P t    denotes the aggregate price level of final consumption goods;    P t I    denotes the aggregate price level of final investment goods;    B t d    denotes the domestic bonds holding;    B t f    denotes the foreign bonds holding;    e t    denotes the exchange rate;    ℶ t    denotes the portion of domestic bonds holding:    ℶ t  =    B t d     e t   B t f  +  B t d     ;      Θ b   2     (   ℶ t  −  ℶ ¯   )   2     B t d  +  e t   B t f     P t      is the quadratic portfolio adjustment cost following Chang et al. [22];    I t    denotes the real investment;    z t    denotes the exogenous investment-specific technology shock:   l o g  z t  =  ρ z  l o g  z  t − 1   +  ε t z   ;    χ 2     (     I t     I  t − 1     − 1  )   2   z t   I t    is the real investment adjustment cost following Christiano et al. [23];    i t d    denotes the domestic interest rate; and    i t f    denotes the external interest rate that follows an exogenous process:   l o g  i t f  =  (  1 −  ρ f   )  l o g  i f  +  ρ f  l o g  i  t − 1  f  +  ε t f   . By solving Equation (1), we get the first-order conditions:


   1   C t  − h  C  t − 1     − h β  E t   1   C  t + 1   − h  C t    =  λ t   










   Θ b   (   ℶ t  −  ℶ ¯   )  = β  E t     λ  t + 1      λ t     1   π  t + 1      (   i t d  −    e  t + 1      e t     i t f   )   










   λ t  = β  E t   λ  t + 1      i t d     π  t + 1      










     P t I     P t     λ t  =    P t I     P t     q t   z t   (   {  1 −  χ 2     (     I t     I  t − 1     − 1  )   2   }  − χ  (     I t     I  t − 1     − 1  )     I t     I  t − 1      )  + β  E t     P  t + 1  I     P  t + 1      q  t + 1    z  t + 1   χ  (     I  t + 1      I t    − 1  )     (     I  t + 1      I t     )   2   










   q t  = β  E t   {   λ  t + 1    R  t + 1  K   u  t + 1   +  q  t + 1    (  1 − δ  )   }   



(2)




where    λ t    and    q t    denote the Lagrangian multipliers for real budget constraint and capital accumulation equation, respectively, and    π  t + 1     denotes the inflation rate at time   t + 1  :    π  t + 1   =    P  t + 1      P t     .




2.2. Firms


2.2.1. Final Goods Firms


There exist two competitive final goods firms in the economy. One firm produces the final consumption goods    C t    using domestic final consumption goods    C t d    and imported final consumption goods    C t M     :    C t  =    {     (   Γ c   )    −  ϵ c       (   C t d   )       ϵ c  − 1    ϵ c      +    (  1 −  Γ c   )    −  ϵ c       (   C t M   )       ϵ c  − 1    ϵ c       }       ϵ c     ϵ c  − 1      . The other firm produces the final investment goods    I t    using domestic final investment goods    I t d    and imported final investment goods    I t M  :        I t  =    {     (   Γ i   )    −  ϵ i       (   I t d   )       ϵ i  − 1    ϵ i      +    (  1 −  Γ i   )    −  ϵ i       (   I t M   )       ϵ i  − 1    ϵ i       }       ϵ i     ϵ i  − 1      . The two competitive firms will always maximize profits subject to respective production function:


  m a x  P t   C t  −  P t d   C t d  −  P t M   C t M  ,  










  s . t .    C t  =    {     (   Γ c   )    −  ϵ c       (   C t d   )       ϵ c  − 1    ϵ c      +    (  1 −  Γ c   )    −  ϵ c       (   C t M   )       ϵ c  − 1    ϵ c       }       ϵ c     ϵ c  − 1      










  m a x  P t I   I t  −  P t d   I t d  −  P t M   I t M  ,  










  s . t .  I t  =    {     (   Γ i   )    −  ϵ i       (   I t d   )       ϵ i  − 1    ϵ i      +    (  1 −  Γ i   )    −  ϵ i       (   I t M   )       ϵ i  − 1    ϵ i       }       ϵ i     ϵ i  − 1      



(3)




where    P t d    denotes the price of domestic final consumption (investment) goods and    P t M    denotes the price of imported final consumption (investment) goods. By solving Equation (3), we get the first-order conditions:


   C t d  =  Γ c     (     P t d     P t     )    −  ϵ c     C t   










   C t M  =  (  1 −  Γ c   )     (     P t M     P t     )    −  ϵ c     C t   










   P t  =    {   Γ c     (   P t d   )    1 −  ϵ c    +  (  1 −  Γ c   )     (   P t M   )    1 −  ϵ c     }     1  1 −  ϵ c       










   I t d  =  Γ i     (     P t d     P t I     )    −  ϵ i     I t   










   I t M  =  (  1 −  Γ i   )     (     P t M     P t I     )    −  ϵ i     I t   










   P t I  =    {   Γ i     (   P t d   )    1 −  ϵ i    +  (  1 −  Γ i   )     (   P t M   )    1 −  ϵ i     }     1  1 −  ϵ i      .  



(4)








2.2.2. Domestic Final Goods Firm


Domestic final goods are produced by a representative firm in the economy. This competitive domestic final goods firm buys intermediate domestic goods    Y t   ( i )    at price    P t   ( i )    and manufactures domestic final goods    Y t d   :    Y t d  =    (    ∫  0 1   Y t     ( i )     1   ϵ t p      d i  )     ϵ t p     , where    ϵ t p    denotes the exogenous markup of domestic goods market:   l o g  ϵ t p  =  (  1 −  ρ  p , ε    )  l o g    ϵ p   ¯  +  ρ  p , ε   l o g  ϵ  t − 1  p  +  ε t  p , ε    . The competitive domestic final goods firm will always maximize profits subject to production function:


  m a x    P t d   Y t d  −   ∫  0 1   P t   ( i )   Y t   ( i )  d i  










  s . t .    Y t d  =    (    ∫  0 1   Y t     ( i )     1   ϵ t p      d i  )     ϵ t p    .  



(5)







By solving Equation (5), we get the demand equation for domestic intermediate goods    Y t   ( i )   :    Y t   ( i )  =    (     P t   ( i )     P t d     )       ϵ t p    1 −  ϵ t p       Y t d   .




2.2.3. Domestic Intermediate Goods Firms


Domestic intermediate goods are produced by a continuum of domestic intermediate goods firms, indexed by   i ∈  (  0 ,   1  ]   . Each intermediate goods firm produces a different intermediate good   i   monopolistically using identical Cobb-Douglas function:     Y t   ( i )  =  A t     (   K  i , t    )   α     (   l  i , t  d   )    1 − α    , where    A t    denotes the exogenous technology level:   l o g  A t  =  ρ A  l o g  A  t − 1   +  ε t A   ,    K  i , t     is the capital rented from household at the capital return rate    R t K   ,    l  i , t  d    is the total labor input that is composed by formally employed workers    l  i , t  X    and unregistered employment workers    l  i , t  Y   . In each period, the representative monopolistic intermediate goods firm  i  decides the formally employed workers input    l  i , t  X   , capital input    K  i , t    , and hiring unregistered employment workers    l  i , t  Y    (as it is always beneficial) to minimize cost subject to production function:


  m i n      P t     P t d     w t   l  i , t  X  +    P t     P t d    ϕ  w t   l  i , t  Y  +    P t     P t d     R t K   K  i , t    










  s . t .    Y t   ( i )  =  A t     (   K  i , t    )   α     (   l  i , t  d   )    1 − α   .  



(6)







We denote   m  c t    as the marginal cost, and by solving Equation (6), we get the following equations:


   w t  = m  c t   (  1 − α  )   A t     (     K  i , t      l  i , t  d     )   α     P t d     P t     










   R t K  = m  c t  α  A t     (     K  i , t      l  i , t  d     )    α − 1      P t d     P t    .  



(7)







Next, we introduce Calvo [24] price rigidity into our model. In each period, only a constant   1 −  θ p    portion of domestic intermediate goods firms can reoptimize price after receiving “price-change signal” and the remaining    θ p    portion of intermediate goods firms are not allowed to reoptimize prices freely. Furthermore, firms that cannot reoptimize prices are allowed to partially index prices to past inflation of domestic final goods, and the indexation is controlled by    Υ p  ∈  [  0 ,   1  ]   . The representative intermediate goods firm  i  that last reoptimize the price to    P  d , t  *    at time t will always maximize life-sum real profits subject to the demand function of its product:


  m a x    E t    ∑   m = 0  ∞   β m   θ p m     λ  t + m      λ t     {    ∏   s = 1  m     (   π  t + s − 1  d   )     Υ p     P  d , t  *   Y  t + m    ( i )  /  P  t + m  d  − m  c  t + m    Y  t + m    ( i )   }   










  s . t .    Y  t + m    ( i )  =    (      ∏   s = 1  m     (   π  t + s − 1  d   )     Υ p     P  d , t  *     P  t + m  d     )       ϵ t p    1 −  ϵ t p       Y t d  .  



(8)







By solving Equation (8), we get the first-order conditions:


   V t 1  =  λ t  m  c t   Y t d  + β  θ p   E t     (       (   π t d   )     Υ p       π  t + 1  d     )       ϵ t p    1 −  ϵ t p       V  t + 1  1   










   V t 2  =  λ t   π  d , t  *   Y t d  + β  θ p   E t     (       (   π t d   )     Υ p       π  t + 1  d     )     1  1 −  ϵ t p       (     π  d , t  *     π  d , t + 1  *     )   V  t + 1  2   










   ϵ t p   V t 1  =  V t 2  .  



(9)




where    V t 1   ,    V t 2    are auxiliary variables to compute the optimal price    P  d , t  *   , and    π  d , t  *  =    P  d , t  *     P t d     ,    π t d  =    P t d     P  t − 1  d     .




2.2.4. Importing Firms


There exists a continuum of foreign countries in the world, indexed by   f ∈  (  0 ,   1  ]   . Moreover, there exist two types of importing firms in the economy. One type is a continuum of importing firms that buy differentiated imported goods    Y  f , t  M    at price    P t W   (expressed in domestic currency) while selling them at price    P  f , t  M   . The other type is a representative, competitive final importing firm that aggregates the differentiated imported goods into imported final goods    Y t M   :    Y t M  =    (    ∫  0 1     (   Y  f , t  M   )     1   ϵ t M      d f  )     ϵ t M     , where    ϵ t M    denotes the exogenous markup of the import goods market:   l o g  ϵ t M  =  (  1 −  ρ  M , ε    )  l o g    ϵ M   ¯  +  ρ  M , ε   l o g  ϵ  t − 1  M  +  ε t  M , ε    . The representative final importing firm will always maximize profits subject to its production function:


  m a x    P t M   Y t M  −   ∫  0 1   P  f , t  M   Y  f , t  M  d f  










  s . t .    Y t M  =    (    ∫  0 1     (   Y  f , t  M   )     1   ϵ t M      d f  )     ϵ t M    .  



(10)







By solving Equation (10), we get the demand equation for differentiated imported goods    Y  f , t  M   :    Y  f , t  M  =    (     P  f , t  M     P t M     )       ϵ t M    1 −  ϵ t M       Y t M   .



The continuum of importing firms that buy differentiated imported goods also face the optimal price setting problem, and we introduce Calvo price rigidity as in Section 2.2.3. In each period, only a constant   1 −  θ M    portion of importing firms can reoptimize price after receiving “price-change signal”, and the remaining    θ M    portion of importing firms are not allowed to reoptimize prices freely but are allowed to partially index prices to past inflation of the imported final goods, which we define as    π t M  =    P t M     P  t − 1  M     , and the indexation is controlled by    Υ M  ∈  [  0 ,   1  ]   . The representative importing firm that last reoptimizes price to    P  M , t  *    at time t will always maximize life-sum real profits subject to the demand function of its product:


  m a x    E t    ∑   m = 0  ∞   β m   θ M m     λ  t + m      λ t     {    ∏   s = 1  m     (   π  t + s − 1  M   )     Υ M     P  M , t  *   Y  f , t + m  M  /  P  t + m  M  − m  c  t + m  M   Y  f , t + m  M   }   










  s . t .    Y  f , t + m  M  =    (      ∏   s = 1  m     (   π  t + s − 1  M   )     Υ M     P  M , t  *     P  t + m  M     )       ϵ t M    1 −  ϵ t M       Y  t + m  M  .  



(11)




where   m  c  t + m  M  =    P  t + m  W     P  t + m  M     , and by solving Equation (11), we get the first-order conditions:


   V t 3  =  λ t     P t W     P t M     Y t M  + β  θ M   E t     (       (   π t M   )     Υ M       π  t + 1  M     )       ϵ t M    1 −  ϵ t M       V  t + 1  3   










   V t 4  =  λ t   π  M , t  *   Y t M  + β  θ M   E t     (       (   π t M   )     Υ M       π  t + 1  M     )     1  1 −  ϵ t M       (     π  M , t  *     π  M , t + 1  *     )   V  t + 1  4   










   ϵ t M   V t 3  =  V t 4  .  



(12)




where    V t 3   ,    V t 4    are auxiliary variables to compute the optimal price    P  M , t  *   , and    π  M , t  *  =    P  M , t  *     P t M     .




2.2.5. Exporting Firms


There exist two types of exporting firms in the economy. One type is a continuum of exporting firms that buy domestic final goods    Y  f , t  X    at price    P t d    while selling them at price    P  f , t  X   . The other type is a representative, competitive final exporting firm that aggregates    Y  f , t  X    into exported final goods    Y t X   . We can derive the demand equation for    Y  f , t  X   :    Y  f , t  X  =    (     P  f , t  X     P t X     )       ϵ t X    1 −  ϵ t X       Y t X  ,   where    P t X    is the price of exported final goods expressed in domestic currency,    ϵ t X    is the exogenous markup of the export goods market:   l o g  ϵ t X  =  (  1 −  ρ  X , ε    )  l o g    ϵ X   ¯  +  ρ  X , ε   l o g  ϵ  t − 1  X  +  ε t  X , ε    .    Y t X    is the quantity of exported final goods that satisfies the equation of    Y t X  =    (     P t X     P t W     )    −  ϵ W     Y t W   , where    Y t W    is the world output that follows an exogenous process:   l o g  Y t W  =  (  1 −  ρ W   )  l o g  Y W  +  ρ W  l o g  Y  t − 1  W  +  ε t W   . Moreover, we define   E  x t    as the total export, then   E  x t  =   ∫  0 1   Y  f , t  X  d f  . Finally, the world inflation    π t W    also follows an exogenous process:   l o g  π t W  =  (  1 −  ρ π   )  l o g  π W  +  ρ π  l o g  π  t − 1  W  +  ε t π   .



The continuum of exporting firms also face optimal price setting problem the same as importing firms. In each period, only a constant   1 −  θ X    portion of exporting firms can reoptimize price after receiving “price-change signal” and the remaining    θ X    portion of exporting firms are not allowed to reoptimize prices freely but are allowed to partially index prices to past world inflation, which is    π t W  =    P t W     P  t − 1  W     , and the indexation is controlled by    Υ X  ∈  [  0 ,   1  ]   . The representative exporting firm that last reoptimizes price to    P  X , t  *    at time t will always maximize life-sum real profits subject to the demand function of its product:


  m a x    E t    ∑   m = 0  ∞   β m   θ X m     λ  t + m      λ t     {    ∏   s = 1  m     (   π  t + s − 1  W   )     Υ X     P  X , t  *   Y  f , t + m  X  /  P  t + m  X  − m  c  t + m  X   Y  f , t + m  X   }   










  s . t .    Y  f , t + m  X  =    (      ∏   s = 1  m     (   π  t + s − 1  w   )     Υ X     P  X , t  *     P  t + m  X     )       ϵ t X    1 −  ϵ t X       Y  t + m  X  .  



(13)




where   m  c  t + m  X  =    P  t + m  d     P  t + m  X     , and by solving Equation (13), we get the first-order conditions:


   V t 5  =  λ t     P t d     e t   P t X     Y t X  + β  θ X   E t     (       (   π t W   )     Υ X       π  t + 1  X     )       ϵ t X    1 −  ϵ t X       V  t + 1  5   










   V t 6  =  λ t   π  X , t  *   Y t X  + β  θ X   E t     (       (   π t W   )     Υ X       π  t + 1  X     )     1  1 −  ϵ t X       (     π  X , t  *     π  X , t + 1  *     )   V  t + 1  6   










   ϵ t X   V t 5  =  V t 6  .  



(14)




where    V t 5   ,    V t 6    are auxiliary variables to compute the optimal price    P  X , t  *   , and    π  X , t  *  =    P  X , t  *     P t X     .





2.3. Nash Bargaining and Real Wage Rigidity


Consistent with existing literature, the real wage    w t    is determined through period-by-period Nash bargaining between firms and workers in our model, and we assume only formally employed workers have wage bargaining power and they renegotiate real wages with domestic intermediate goods firms each period. At the beginning of period t, there is an exogenous  φ  proportion of formally employed workers that are separated from the existing working relationships, and since unregistered employment workers have no job securities, we assume they all separate from the existing working relationships. Therefore, at the beginning of period t, only    (  1 − φ  )   N  t − 1  X    formally employed workers have jobs and the number of jobless individuals who are available for hire is equal to   1 −  N  t − 1  X  + φ  N  t − 1  X   . In addition, domestic intermediate goods firms would hire    N t X  −  (  1 − φ  )   N  t − 1  X    formally employed workers,    N t Y    unregistered employment workers, along with the existing formally employed workers to produce at period t. We denote    V t E    as the representative formally employed worker’s surplus from the existing match; then the equation for    V t E    is:


   V t E  =  w t  −   ψ  N t η     λ t    + β  E t   [     λ  t + 1      λ t     {       (  1 − φ  )   V  t + 1  E  + φ  F  t + 1  X   V  t + 1  E  + φ  (  1 −  F  t + 1  X   )   F  t + 1  Y   V  t + 1  Y        + φ  (  1 −  F  t + 1  X   )   (  1 −  F  t + 1  Y   )   V  t + 1  U       }   ]   



(15)




where    F  t + 1  X    denotes the job-finding rate of formal work at period   t + 1  :    F  t + 1  X  =    N  t + 1  X  −  (  1 − φ  )   N t X    1 −  N t X  + φ  N t X     ,    F  t + 1  Y    denotes the job-finding rate of informal work at period   t + 1  :    F  t + 1  Y  =    N  t + 1  Y    1 −  N  t + 1  X     ,    V  t + 1  Y    denotes the surplus from the perspective of unregistered employment workers, and    V  t + 1  U    denotes the surplus from the perspective of unemployment workers with no jobs. Equation (15) can be interpreted as the total surplus from the existing match that the representative formally employed worker calculates. At period  t , she earns real wage but suffers an opportunity cost measured by the marginal rate of substitution. At period   t + 1  , she has   1 − φ   probability of maintaining the existing match and   φ  F  t + 1  X    probability of rematching and obtaining the surplus    V  t + 1  E   ,   φ  (  1 −  F  t + 1  X   )   F  t + 1  Y    probability of matching the informal work and obtaining the surplus    V  t + 1  Y   , and   φ  (  1 −  F  t + 1  X   )   (  1 −  F  t + 1  Y   )    probability of turning into unemployment worker with no jobs and obtaining the surplus    V  t + 1  U   . For the surpluses of    V t Y    and    V t U   , we have:


   V t Y  = ϕ  w t  −   ψ  N t η     λ t    + β  E t   [     λ  t + 1      λ t     {       F  t + 1  X   V  t + 1  E  +  (  1 −  F  t + 1  X   )   F  t + 1  Y   V  t + 1  Y        +  (  1 −  F  t + 1  X   )   (  1 −  F  t + 1  Y   )   V  t + 1  U       }   ]   










   V t U  = β  E t   [     λ  t + 1      λ t     {   F  t + 1  X   V  t + 1  E  +  (  1 −  F  t + 1  X   )   F  t + 1  Y   V  t + 1  Y  +  (  1 −  F  t + 1  X   )   (  1 −  F  t + 1  Y   )   V  t + 1  U   }   ]   



(16)







Therefore, the net surplus to the representative formally employed worker from existing match, which we denote as    V t J   , is:


   V t J  =  V t E  −  F t Y   V t Y  −  (  1 −  F t Y   )   V t U   



(17)







For the domestic intermediate goods firms, we assume they can replace any existing formally employed worker after paying a hiring cost      Ξ   t   :    Ξ t  =  B p   A t     (   F t X   )   ℑ   . Note that this setting is the same as in Blanchard and Galí [25] and Galí [26] but different with canonical DMP search-matching framework as vacancies are assumed to be filled immediately by paying the hiring cost. Therefore, the representative intermediate domestic goods firm would be willing to pay a maximum real wage    w t  U B     up to a premium given by the hiring cost:    w t  U B   =  w t  +  Ξ t   , while the representative formally employed worker would accept a minimum real wage    w t  L B     that equals the difference between real wage and net surplus:    w t  L B   =  w t  −  V t J   , otherwise the formal work has no longer attraction. Any real wage lies in this wage band [   w t  L B   ,  w t  U B    ], guaranteeing that both positive net surplus for firm and formally employed worker can make the real wage bargaining succeed.



While as indicated by Shimer [12], the mechanism for wage determination within period-by-period Nash bargaining induces too much volatility in wages, therefore, it cannot generate the observed high degree of unemployment rate dynamics in response to shocks of a plausible magnitude. To solve this problem, large amounts of literature demonstrate that (real) wage rigidity may play a key role [14,27]. We introduce real wage rigidity by making real wage depend on a weighted average of lagged real wage and current symmetric Nash bargaining real wage inspired by Hall [27]:


   w t  = γ  w  t − 1   +  (  1 − γ  )   w t *   



(18)




where    γ    measures the degree of real wage rigidity, and    w t *    denotes the symmetric Nash bargaining real wage that lies at the center of the above wage band:    w t *  =    w t  L B   +  w t  U B    2   , which also means the intermediate domestic goods firm and formally employed worker will share the same net surplus:    V t J  =  Ξ t   .




2.4. Monetary Authority


Monetary policy is controlled by the monetary authority under the widely used Taylor role:


  l o g  i t d  =  (  1 −  ρ d   )  l o g  i d  +  ρ d  l o g  i  t − 1  d  +  (  1 −  ρ d   )   {   ϕ π   (  l o g  π t  − l o g π  )  +  ϕ y   (  l o g  Y t  − l o g Y  )   }  +  ε t m   



(19)








2.5. Government


For government expenditure    G t   , we set it as a proportion of GDP following Christiano et al. [28]:    G t  =  ℊ t   Y t d   , where the ratio    ℊ t    follows an exogenous process:   l o g  ℊ t  =  (  1 −  ρ ℊ   )  l o g ℊ +  ρ ℊ  l o g  ℊ  t − 1   +  ε t ℊ   . In each period, the government balances its budget by issuing domestic bonds and the lump-sum tax received from household:


   G t  +  i  t − 1  d     B  t − 1  d     P t d    =    B t d     P t d    +    T t     P t d     



(20)







Fiscal policy is designed so that the lump-sum tax will increase if the government debt exceeds its steady-state level:


   T t  =  T ¯  +  T p   (   B t d  −    B d   ¯   )   



(21)







Finally, according to the model economy, balance of payment will evolve as follows:


   e t   B t f  =  e t   i  t − 1  f   B  t − 1  f  +  P t X   Y t X  −  P t W    ∫  0 1   Y  f , t  M  d f  



(22)







To sum up, we construct a DSGE model with 5 sectors, 11 shocks and 52 parameters to study the impacts of unregistered employment on the unemployment rate dynamics of China. We convert all the nominal variables into real variables to prevent unit root problems when solving this DSGE model. We put all the relevant equations in the Appendix A and solve this DSGE model using Dynare (4.6.1 version). We estimate the values of 52 parameters using a mixed method of calibration and Bayesian estimation as we discuss below.




2.6. Model Estimation


We calibrate the values of 18 parameters that are consistent with canonical DSGE papers, and the details are reported in Table 3. The consumption habit formation parameter h is fixed at 0.7. The discount factor  β  is fixed at 0.99. The quadratic portfolio adjustment cost coefficient    Θ b    is fixed at 0.6. The labor utility constant  ψ  is fixed at 0.1. The real investment adjustment cost constant  χ  is fixed at 0.25. The Frisch elasticity  η  is fixed at 2. The capital depreciation parameter  δ  is fixed at 0.025. The capital share of product function  α  is fixed at 0.4. The fiscal role coefficient   T p   is fixed at 0.05. The exogenous job separation rate  φ  is fixed at 0.1. The wage rate of unregistered employment workers  ∅  is fixed at 0.6, which means hiring an unregistered employment worker is a 40% cost reduction for firms. The reason for this calibration is that, in China, firms should pay endowment insurance (21% of wage), medical insurance (9% of wage), unemployment insurance (2% of wage), employment injury insurance (0.5% of wage), maternity insurance (0.5% of wage) and housing provident fund (5–12% of wage) for formally employed workers, which is a total of about 40% of wage, while need not pay for unregistered employment workers. The curvature of hiring cost function  ℑ  is fixed at 1. The coefficient parameters in monetary policy    ϕ  π , d    ,    ϕ  y , d     are fixed at 1.5, 0.25, respectively. Home bias in domestic consumption and investment    Γ c   ,    Γ i    are fixed at 0.75, 0.84, respectively. The steady-state ratio of domestic bonds holding and markup of domestic goods market are fixed at 0.9, 10/9, respectively.



The remaining 34 parameters’ values are estimated by the Bayesian approach using 7 Chinese macroeconomic data that are real GDP per capita, real consumption per capita, real government expenditure per capita, real export of goods per capita, real import of goods per capita, domestic inflation, and unemployment rate from 2002:1 to 2019:4. The data we used are available from the National Bureau of Statistics, CSMAR database, and IMF database. The original data of real GDP per capita, real consumption per capita, real government expenditure per capita, real export of goods per capita, real import of goods per capita, and unemployment rate are seasonally adjusted using X-13 in Eviews, then taken logarithm and one-sided HP-filter in Matlab to obtain demeaned cycle components. The original stable data of aggregate inflation data are used directly. Accordingly, the observation equations are set as follows to match the model variables:


  Y o b s = l o g  (   Y t d   )  − l o g  (     Y d   ¯   )   










  C o b s = l o g  (   C t   )  − l o g  (  C ¯  )   










  G o b s = l o g  (   G t   )  − l o g  (  G ¯  )   










  E x o b s = l o g  (  E  x t   )  − l o g  (    E x  ¯   )   










  I m o b s = l o g  (  I  m t   )  − l o g  (    I m  ¯   )   










  π o b s = l o g  (     P t d     P  t − 1  d     )   










  U o b s = l o g  (   U t   )  − l o g  (  U ¯  )   



(23)







To conduct Bayesian estimation, we select the prior distributions of parameters, mainly referring to Burriel et al. [34], Christiano et al. [28], Sheen and Wang [35], and Wang et al. [36]. The parameter Bayesian estimation results are reported in Table 4, and we omit detailed descriptions.





3. Results


3.1. Model Fit


After model construction and estimation, we assess model fit to test whether the estimated DSGE can account for the Chinese business cycle, and the results are shown in Table 5. We can see that the model matches real data well and successfully reproduces the business cycle moments we need, including standard deviations of real output and unemployment, relative unemployment rate volatility and unemployment rate counter-cyclicality.




3.2. Impulse Response Function (IRF)


We apply this DSGE model from the impulse response function to present the responses of unemployment rate when shocks hit the economy, and we also vary the size of unregistered employment workers to see the changes in these responses. Moreover, these results help us to identify the rule of unregistered employment on the distinct unemployment rate dynamics of China.



In the baseline DSGE model, the steady-state number of unregistered employment workers    N Y    is set to be 0.016 that coincide with real data and literature. In this section, we set two other values to present the role of unregistered employment and the differences in unemployment rate deviations when identical shocks hit the economy. The steady-state number of unregistered employment workers    N Y    is set to be 0.024 that represents a larger size of unregistered employment, and 0.008 that represents a smaller size of unregistered employment.



Below, Figure 1 and Figure 2 are the impulse response results of unemployment rate under three different steady-state numbers of unregistered employment workers. Vertical axis is the deviations of unemployment rate from steady-state, and according to Figure 1 and Figure 2, we can clearly confirm that there exist “diminishing effects” to the deviations of unemployment rate triggered by shocks under bigger size of unregistered employment condition. In other words, the standard deviation of unemployment rate has negative correlation with the size of unregistered employment, which means identical shocks will induce lower volatility of unemployment rate under larger size of unregistered employment condition. For space limitation, we only present the impulse response results of two representative shocks, while these results are indeed robust as we also find these “diminishing effects” when the other 9 shocks hit the economy.



Finally, we remove unregistered employment from the baseline model (by setting    N Y  = 0  ) and report the simulated unemployment rate moments of modified model in Table 6. According to Table 6, we see that the absolute volatility of unemployment rate increases to 0.082, which is significantly larger than Australia (0.054). Moreover, the relative volatility to output also increases to 3.73, which is more than twice compared to the real data.



All these results support our hypothesis that it is the large size of unregistered employment, not the size of informal economy, that plays the key role in explaining the lower volatility of unemployment rate in China.





4. Discussion


We hypothesize that, for China, it is the large size of unregistered employment that plays the key role in explaining the distinct unemployment rate dynamics of China, and we construct a DSGE model with unregistered employment to support this hypothesis. Compared to other macroeconomic analysis frameworks, the DSGE model is the most widely used model when dealing with volatilities of variables. Moreover, through the impulse response function of the DSGE model, we can get the volatilities of unemployment rate when various important shocks hit the economy, and by removing unregistered employment from the baseline model, we can identify its role. The DSGE model incorporating unregistered employment and revised Nash wage bargaining is just the most suitable model for testing our hypothesis.



Next, we discuss the trade-offs of unregistered employment. In the previous section, we identify the “diminishing effects” of unregistered employment, making unemployment rate less volatile when shocks hit the economy, helping to stabilize the domestic economy and not depart too much from its steady-state level. However, we argue that the benefits are limited in the sense that they should even not exist, while the costs of unregistered employment are indeed huge.



The unregistered employment is born in an imperfect labor regulation environment and crowds out formal work opportunities. Therefore, for households, they could have been employed formally and obtained more wages and social insurances. For government, it pays unemployment benefits to unregistered employment workers while they are not “real unemployed”, and these payments, combined with tax avoidances due to unregistered employment, heavily increase fiscal burden. Furthermore, the existence of unregistered employment makes unemployment largely mismeasured and misleads policymakers as accurate identification of “real unemployed” is always a premise for formulating relevant policies. Therefore, we conclude that the costs of unregistered employment far outweigh its benefits and should be eliminated in the development process.




5. Conclusions


The main purpose of this paper is to understand the lower absolute and relative volatilities of China’s unemployment rate. Different from the existing literature that links distinct unemployment rate dynamics of EMEs to the larger size of informal economies, we hypothesize that the large size of unregistered employment may be an alternative and play the key role in explaining the distinct unemployment rate dynamics of China. By a DSGE model incorporating unregistered employment and revised Nash wage bargaining, we confirm that there exist “diminishing effects” to the deviations of unemployment rate triggered by shocks under bigger size of unregistered employment condition. The standard deviation of unemployment rate has negative correlation with the size of unregistered employment which means identical shocks will induce lower volatility of unemployment rate under larger size of unregistered employment condition.



We also analyze the tradeoffs of unregistered employment that shed light on policy recommendations. We conclude that the costs of unregistered employment far outweigh its benefits and should be eliminated in the development process. Facing a complicated, changeable and deteriorating external environment, our results have important implications for the sustainable development of the Chinese labor market. We recommend that the Chinese government should focus on turning unregistered employment into formal employment. The Chinese government should improve the urban employment registration system, investigate the scale of unregistered employment, strengthen the supervision of enterprises and the job market, gradually eliminate unregistered employment and turn unregistered employment into formal employment. A labor market without such distortion of employment is indeed more beneficial for the sustainable development of the Chinese labor market.



Finally, we reveal the limitations and future research directions associated with this paper. First, we identify the role of unregistered employment on distinct unemployment rate of China but lack international perspective. For most EMEs with lower absolute and relative volatilities of unemployment rate, the role of unregistered employment is still not confirmed. Second, we use current symmetric Nash real wage bargaining in the DSGE model, while alternative real wage bargaining modeling methods, such as staggered multi-period Nash wage bargaining and alternating offer bargaining, or alternative macroeconomic analysis framework, can also be applied for robustness check. In the future, we will try alternative modeling methods and calibrate this DSGE model to more EMEs to confirm the role of unregistered employment in understanding the lower unemployment rate volatilities of EMEs.
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Appendix A


This Appendix presents the relevant equations of the DSGE model.








	1.

	
    1   C t  − h  C  t − 1     − h β  E t   1   C  t + 1   − h  C t    =  λ t    




	2.

	
    λ t  = β  E t   λ  t + 1      i t d     π  t + 1       




	3.

	
    ℶ t  =    B t d     e t   B t f  +  B t d      




	4.

	
    Θ b   (   ℶ t  −  ℶ ¯   )  = β  E t     λ  t + 1      λ t     1   π  t + 1      (   i t d  −    e  t + 1      e t     i t f   )    




	5.

	
   l o g  i t f  =  (  1 −  ρ f   )  l o g  i f  +  ρ f  l o g  i  t − 1  f  +  ε t f    




	6.

	
      P t I     P t     λ t  =    P t I     P t     q t   z t   (   {  1 −  χ 2     (     I t     I  t − 1     − 1  )   2   }  − χ  (     I t     I  t − 1     − 1  )     I t     I  t − 1      )  + β  E t     P  t + 1  I     P  t + 1      q  t + 1    z  t + 1   χ  (     I  t + 1      I t    − 1  )     (     I  t + 1      I t     )   2    




	7.

	
    q t  = β  E t   {   λ  t + 1    R  t + 1  K   u  t + 1   +  q  t + 1    (  1 − δ  )   }    




	8.

	
    C t d  =  Γ c     (     P t d     P t     )    −  ϵ c     C t    




	9.

	
    C t M  =  (  1 −  Γ c   )     (     P t M     P t     )    −  ϵ c     C t    




	10.

	
    P t  =    {   Γ c     (   P t d   )    1 −  ϵ c    +  (  1 −  Γ c   )     (   P t M   )    1 −  ϵ c     }     1  1 −  ϵ c        




	11.

	
    I t d  =  Γ i     (     P t d     P t I     )    −  ϵ i     I t    




	12.

	
    I t M  =  (  1 −  Γ i   )     (     P t M     P t I     )    −  ϵ i     I t    




	13.

	
    P t I  =    {   Γ i     (   P t d   )    1 −  ϵ i    +  (  1 −  Γ i   )     (   P t M   )    1 −  ϵ i     }     1  1 −  ϵ i        




	14.

	
    R t K  = m  c t  α  A t     (     K  i , t      l  i , t  d     )    α − 1      P t d     P t      




	15.

	
    w t  = m  c t   (  1 − α  )   A t     (     K  i , t      l  i , t  d     )   α     P t d     P t      




	16.

	
    V t 1  =  λ t  m  c t   Y t d  + β  θ p   E t     (       (   π t d   )     Υ p       π  t + 1  d     )       ϵ t p    1 −  ϵ t p       V  t + 1  1    




	17.

	
    V t 2  =  λ t   π  d , t  *   Y t d  + β  θ p   E t     (       (   π t d   )     Υ p       π  t + 1  d     )     1  1 −  ϵ t p       (     π  d , t  *     π  d , t + 1  *     )   V  t + 1  2    




	18.

	
    ϵ t p   V t 1  =  V t 2    




	19.

	
      (   P t d   )     1  1 −  ϵ t p      =  θ p     (     (   π  t − 1  d   )     Υ p     )     1  1 −  ϵ t p         (   P  t − 1  d   )     1  1 −  ϵ t p      +  (  1 −  θ p   )     (   P  d , t  *   )     1  1 −  ϵ t p        




	20.

	
    V t 3  =  λ t     P t W     P t M     Y t M  + β  θ M   E t     (       (   π t M   )     Υ M       π  t + 1  M     )       ϵ t M    1 −  ϵ t M       V  t + 1  3    




	21.

	
    V t 4  =  λ t   π  M , t  *   Y t M  + β  θ M   E t     (       (   π t M   )     Υ M       π  t + 1  M     )     1  1 −  ϵ t M       (     π  M , t  *     π  M , t + 1  *     )   V  t + 1  4    




	22.

	
    ϵ t M   V t 3  =  V t 4    




	23.

	
      (   P t M   )     1  1 −  ϵ t M      =  θ M     (     (   π  t − 1  M   )     Υ M     )     1  1 −  ϵ t M         (   P  t − 1  M   )     1  1 −  ϵ t M      +  (  1 −  θ M   )     (   P  M , t  *   )     1  1 −  ϵ t M        




	24.

	
    Y t X  =    (     P t X     P t W     )    −  ϵ W     Y t W    




	25.

	
   l o g  Y t W  =  (  1 −  ρ W   )  l o g  Y W  +  ρ W  l o g  Y  t − 1  W  +  ε t W    




	26.

	
   l o g  π t W  =  (  1 −  ρ π   )  l o g  π W  +  ρ π  l o g  π  t − 1  W  +  ε t π    




	27.

	
    V t 5  =  λ t     P t d     e t   P t X     Y t X  + β  θ X   E t     (       (   π t W   )     Υ X       π  t + 1  X     )       ϵ t X    1 −  ϵ t X       V  t + 1  5    




	28.

	
    V t 6  =  λ t   π  X , t  *   Y t X  + β  θ X   E t     (       (   π t W   )     Υ X       π  t + 1  X     )     1  1 −  ϵ t X       (     π  X , t  *     π  X , t + 1  *     )   V  t + 1  6    




	29.

	
    ϵ t X   V t 5  =  V t 6    




	30.

	
      (   P t X   )     1  1 −  ϵ t X      =  θ X     {     (   π  t − 1  W   )     Υ X     }     1  1 −  ϵ t X         (   P  t − 1  X   )     1  1 −  ϵ t X      +  (  1 −  θ X   )     (   P  X , t  *   )     1  1 −  ϵ t X        




	31.

	
   l o g  i t d  =  (  1 −  ρ d   )  l o g  i d  +  ρ d  l o g  i  t − 1  d  +  (  1 −  ρ d   )   {   ϕ π   (  l o g  π t  − l o g π  )  +  ϕ y   (  l o g  Y t  − l o g Y  )   }  +  ε t m    




	32.

	
    G t  +  i  t − 1  d     B  t − 1  d     P t d    =    B t d     P t d    +    T t     P t d      




	33.

	
    G t  =  ℊ t   Y t d    




	34.

	
   l o g  ℊ t  =  (  1 −  ρ ℊ   )  l o g ℊ +  ρ ℊ  l o g  ℊ  t − 1   +  ε t ℊ    




	35.

	
    T t  =  T ¯  +  T p   (   B t d  −    B d   ¯   )    




	36.

	
    e t   B t f  =  e t   i  t − 1  f   B  t − 1  f  +  P t X   Y t X  −  P t W    ∫  0 1   Y  f , t  M  d f   




	37.

	
    Y t d  =  C t d  +  I t d  +  G t  +    Θ b   2     (   ℶ t  −  ℶ ¯   )   2     B  j , t  d  +  e t   B  j , t  f     P t d    +  χ 2     (     I t     I  t − 1     − 1  )   2   z t   I t     P t I     P t d    +   ∫  0 1   Y  f , t  X  d f   




	38.

	
    U t  = 1 −  N t X    




	39.

	
   l o g  N t Y  =  (  1 −  ρ  n y    )  l o g  N Y  +  ρ  n y   l o g  N  t − 1  Y  +  ε t  n y     




	40.

	
  l o g  z t  =  ρ z  l o g  z  t − 1   +  ε t z   ,    χ 2     (     I t     I  t − 1     − 1  )   2   z t   I t   




	41.

	
    K  t + 1   =  z t   {  1 −  χ 2     (     I t     I  t − 1     − 1  )   2   }   I t     P t I     P t    +  (  1 − δ  )   K t    




	42.

	
   l o g  ϵ t p  =  (  1 −  ρ  p , ε    )  l o g    ϵ p   ¯  +  ρ  p , ε   l o g  ϵ  t − 1  p  +  ε t  p , ε     




	43.

	
   l o g  A t  =  ρ A  l o g  A  t − 1   +  ε t A    




	44.

	
   l o g  ϵ t M  =  (  1 −  ρ  M , ε    )  l o g    ϵ M   ¯  +  ρ  M , ε   l o g  ϵ  t − 1  M  +  ε t  M , ε     




	45.

	
   l o g  ϵ t X  =  (  1 −  ρ  X , ε    )  l o g    ϵ X   ¯  +  ρ  X , ε   l o g  ϵ  t − 1  X  +  ε t  X , ε     




	46.

	
    F  t + 1  X  =    N  t + 1  X  −  (  1 − φ  )   N t X    1 −  N t X  + φ  N t X      




	47.

	
    F  t + 1  Y  =    N  t + 1  Y    1 −  N  t + 1  X      




	48.

	
    V t E  =  w t  −   ψ  N t η     λ t    + β  E t   ⌈     λ  t + 1      λ t     {       (  1 − φ  )   V  t + 1  E  + φ  F  t + 1  X   V  t + 1  E  + φ  (  1 −  F  t + 1  X   )   F  t + 1  Y   V  t + 1  Y        + φ  (  1 −  F  t + 1  X   )   (  1 −  F  t + 1  Y   )   V  t + 1  U       }   ⌉    




	49.

	
    V t Y  = ϕ  w t  −   ψ  N t η     λ t    + β  E t   ⌈     λ  t + 1      λ t     {       F  t + 1  X   V  t + 1  E  +  (  1 −  F  t + 1  X   )   F  t + 1  Y   V  t + 1  Y        +  (  1 −  F  t + 1  X   )   (  1 −  F  t + 1  Y   )   V  t + 1  U       }   ⌉    




	50.

	
    V t U  = β  E t   [     λ  t + 1      λ t     {   F  t + 1  X   V  t + 1  E  +  (  1 −  F  t + 1  X   )   F  t + 1  Y   V  t + 1  Y  +  (  1 −  F  t + 1  X   )   (  1 −  F  t + 1  Y   )   V  t + 1  U   }   ]    




	51.

	
    V t J  =  V t E  −  F t Y   V t Y  −  (  1 −  F t Y   )   V t U    




	52.

	
    Ξ t  =  B p   A t     (   F t X   )   ℑ    




	53.

	
    w t  = γ  w  t − 1   +  (  1 − γ  )   w t *    
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Figure 1. IRF of unemployment rate to foreign interest rate shock. 
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Figure 2. IRF of unemployment rate to world output shock. 
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Table 1. Unemployment rate dynamics and informalities of 14 EMEs and 14 AEs.






Table 1. Unemployment rate dynamics and informalities of 14 EMEs and 14 AEs.





	
Country

	
   σ  ( y )    

(%)

	
   σ  ( u )    

(%)

	
    σ  ( u )  / σ  ( y )     

	
    ρ  (  u , y  )     

	
Informality (%)






	
Emerging




	
Argentina

	
3.47

	
6.30

	
1.82

	
−0.62

	
25.3 (45)




	
Brazil

	
1.90

	
10.00

	
5.27

	
−0.38

	
39.0 (105)




	
Chile

	
1.80

	
10.56

	
5.88

	
−0.71

	
19.3 (35)




	
Czech Republic

	
1.88

	
12.49

	
6.64

	
−0.58

	
18.4 (27)




	
Hungary

	
1.40

	
6.44

	
4.59

	
−0.37

	
24.4 (43)




	
Israel

	
1.69

	
8.67

	
5.13

	
−0.33

	
22.0 (38)




	
Malaysia

	
2.14

	
7.36

	
3.44

	
−0.43

	
30.9 (65)




	
Mexico

	
3.24

	
12.62

	
3.89

	
−0.35

	
30.0 (62)




	
Peru

	
1.46

	
5.28

	
3.61

	
−0.34

	
58.0 (147)




	
Philippines

	
1.04

	
7.60

	
7.29

	
−0.05

	
41.6 (115)




	
Slovakia

	
2.29

	
9.34

	
4.07

	
−0.66

	
18.1 (25)




	
Slovenia

	
1.99

	
9.21

	
4.63

	
−0.69

	
26.2 (48)




	
Thailand

	
2.33

	
13.31

	
5.72

	
−0.29

	
50.6 (143)




	
Turkey

	
3.71

	
10.48

	
2.83

	
−0.78

	
31.3 (68)




	
Mean

	
2.17

	
9.26

	
4.63

	
−0.47

	
-




	
Median

	
1.94

	
9.28

	
4.61

	
−0.41

	
-




	
Advanced

	

	

	

	

	




	
Australia

	
1.20

	
9.04

	
7.51

	
−0.71

	
14.0 (12)




	
Austria

	
1.06

	
9.36

	
8.81

	
−0.33

	
9.7 (4)




	
Belgium

	
0.96

	
7.37

	
7.65

	
−0.59

	
8.5 (1)




	
Canada

	
1.44

	
8.26

	
5.74

	
−0.86

	
21.9 (38)




	
Denmark

	
1.30

	
11.21

	
8.61

	
−0.68

	
17.7 (22)




	
Finland

	
2.32

	
14.82

	
6.38

	
−0.72

	
17.7 (21)




	
Ireland

	
3.04

	
10.73

	
3.53

	
−0.52

	
15.7 (17)




	
Netherlands

	
1.21

	
10.92

	
9.01

	
−0.70

	
13.2 (11)




	
New Zealand

	
1.35

	
10.71

	
7.94

	
−0.42

	
12.4 (6)




	
Norway

	
1.80

	
14.29

	
7.93

	
−0.40

	
18.7 (30)




	
Portugal

	
1.46

	
8.35

	
5.72

	
−0.80

	
23.0 (42)




	
Spain

	
1.32

	
9.09

	
6.89

	
−0.72

	
22.5 (40)




	
Sweden

	
1.64

	
14.58

	
8.87

	
−0.48

	
18.8 (31)




	
Switzerland

	
1.14

	
15.74

	
13.80

	
−0.70

	
8.5 (1)




	
Mean

	
1.52

	
11.03

	
7.74

	
−0.62

	
-




	
Median

	
1.33

	
10.72

	
7.79

	
−0.69

	
-








Note: Table 1 is directly taken from Horvath and Yang [1]. σ(y) denotes the volatilities (standard deviations) of output; σ(u) denotes the (absolute) volatilities of unemployment rate; σ(u)/σ(y) denotes the relative volatilities of unemployment rate to output; and informality denotes the ratio of informal economy to the formal economy. The original data of output and unemployment rate during 1980 Q1-2018 Q2 can be found in International Financial Statistics (IFS), and the informality data are collected from Schneider et al. [2]. All series of output and unemployment rate are HP-filtered with a smoothing parameter of 1600 to obtain demeaned cycle components. The numbers in brackets denote the world rank on informality among 151 countries.
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Table 2. Unemployment rate dynamics and informality of China.
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Country

	
   σ  ( y )    

(%)

	
   σ  ( u )    

(%)

	
    σ  ( u )  / σ  ( y )     

	
    ρ  (  u , y  )     

	
Informality (%)






	
Emerging




	
China

	
1.2

	
2.3

	
1.92

	
−0.51

	
12.7 (9)




	
Advanced

	

	

	

	

	




	
Australia

	
0.47

	
5.4

	
11.5

	
−0.46

	
14.0 (12)




	
USA

	
1.1

	
10.7

	
9.7

	
−0.86

	
8.6 (2)








Note: Table 2 shows the absolute and relative unemployment rate volatilities of China, Australia and USA during the sample period. We use the data from 2002:1 to 2019:4 due to the data availability of China, and all series of output and unemployment rate are two-sided HP-filtered with a smoothing parameter of 1600 to obtain demeaned cycle components.
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Table 3. Parameter calibration.






Table 3. Parameter calibration.





	
Num.

	
Parameters

	
Values

	
References






	
1

	
habit formation parameter

	
h

	
0.7

	
Wang et al. [29]




	
2

	
discount factor

	
  β  

	
0.99

	
Wang and Ji [30]




	
3

	
quadratic portfolio adjustment cost coefficient

	
    Θ b    

	
0.6

	
Chang et al. [22]




	
4

	
labor utility constant

	
  ψ  

	
0.1

	
Mei and Zhao [31]




	
5

	
real investment adjustment cost constant

	
  χ  

	
0.25

	
Li [32]




	
6

	
Frisch elasticity

	
  η  

	
2

	
Wang et al. [29]




	
7

	
capital depreciation rate

	
  δ  

	
0.025

	
Kang and Gong [33]




	
8

	
capital share of production function

	
  α  

	
0.4

	
Kang and Gong [33]




	
9

	
fiscal role coefficient

	
Tp

	
0.05

	
Burriel et al. [34]




	
10

	
job separation rate

	
  φ  

	
0.1

	
Sheen and Wang [35]




	
11

	
wage rate of unregistered employment worker

	
  ∅  

	
0.6

	
Real data




	
12

	
hiring cost curvature parameter

	
  ℑ  

	
1

	
Sheen and Wang [35]




	
13

	
Taylor monetary role inflation response parameter

	
    ϕ  π , d     

	
1.5

	
Wang et al. [36]




	
14

	
Taylor monetary role output response parameter

	
    ϕ  y , d     

	
0.25

	
Wang et al. [36]




	
15

	
home bias in domestic consumption

	
    Γ c    

	
0.75

	
Deng and Chen [37]




	
16

	
home bias in domestic investment

	
    Γ i    

	
0.84

	
Deng and Chen [37]




	
17

	
steady-state ratio of domestic bonds holding

	
   ℶ ¯   

	
0.9

	
Chang et al. [22]




	
18

	
steady-state markup of domestic goods market

	
      ϵ p   ¯    

	
10/9

	
Li [32]











[image: Table] 





Table 4. Parameter Bayesian estimation.






Table 4. Parameter Bayesian estimation.





	
Num.

	
Parameters

	
Posterior Mean

	
Prior Distribution




	
Type

	
Mean

	
S.d.






	
1

	
autoregressive coefficient of foreign interest rate shock

	
    ρ f    

	
0.6147

	
Beta

	
0.5

	
0.2




	
2

	
autoregressive coefficient of world output shock

	
    ρ W    

	
0.4983

	
Beta

	
0.5

	
0.2




	
3

	
autoregressive coefficient of world inflation shock

	
    ρ π    

	
0.8958

	
Beta

	
0.5

	
0.2




	
4

	
autoregressive coefficient of technology shock

	
    ρ A    

	
0.4938

	
Beta

	
0.5

	
0.2




	
5

	
autoregressive coefficient of capital utilization rate shock

	
    ρ  n y     

	
0.5032

	
Beta

	
0.5

	
0.2




	
6

	
autoregressive coefficient of investment-specific technology shock

	
    ρ z    

	
0.2309

	
Beta

	
0.5

	
0.2




	
7

	
autoregressive coefficient of Taylor monetary role

	
    ρ d    

	
0.4875

	
Beta

	
0.5

	
0.2




	
8

	
autoregressive coefficient of government expenditure shock

	
    ρ g    

	
0.4443

	
Beta

	
0.5

	
0.2




	
9

	
autoregressive coefficient of markup shock of domestic goods market

	
    ρ  p , ε     

	
0.8025

	
Beta

	
0.5

	
0.2




	
10

	
autoregressive coefficient of markup shock of export goods market

	
    ρ  X , ε     

	
0.6153

	
Beta

	
0.5

	
0.2




	
11

	
autoregressive coefficient of markup shock of import goods market

	
    ρ  M , ε     

	
0.5752

	
Beta

	
0.5

	
0.2




	
12

	
domestic goods price indexation

	
    Υ p    

	
0.4092

	
Beta

	
0.5

	
0.2




	
13

	
import goods price indexation

	
    Υ M    

	
0.3589

	
Beta

	
0.5

	
0.2




	
14

	
export goods price indexation

	
    Υ X    

	
0.4588

	
Beta

	
0.5

	
0.2




	
15

	
Calvo domestic goods price parameter

	
    θ p    

	
0.0431

	
Beta

	
0.5

	
0.2




	
16

	
Calvo import goods price parameter

	
    θ M    

	
0.3263

	
Beta

	
0.5

	
0.2




	
17

	
Calvo export goods price parameter

	
    θ X    

	
0.5945

	
Beta

	
0.5

	
0.2




	
18

	
steady-state markup of import goods market

	
      ϵ M   ¯    

	
2.2938

	
Inv_gamma

	
1.2

	
2




	
19

	
steady-state markup of export goods market

	
      ϵ X   ¯    

	
1.2012

	
Inv_gamma

	
1.2

	
0.1




	
20

	
degree of the real wage rigidity

	
  γ  

	
0.0482

	
Beta

	
0.5

	
0.2




	
21

	
elasticity of substitution on domestic final consumption goods

	
    ϵ c    

	
1.9034

	
Inv_gamma

	
1.42

	
2




	
22

	
elasticity of substitution on domestic final investment goods

	
    ϵ i    

	
9.2064

	
Inv_gamma

	
1.42

	
2




	
23

	
elasticity of substitution on export goods

	
    ϵ W    

	
1.4277

	
Inv_gamma

	
1.5

	
0.1




	
24

	
standard deviation of markup shock of domestic goods market

	
    σ  p , ε     

	
0.0108

	
Inv_gamma

	
0.002

	
2




	
25

	
standard deviation of markup shock of import goods market

	
    σ  M , ε     

	
0.0576

	
Inv_gamma

	
0.002

	
2




	
26

	
standard deviation of markup shock of export goods market

	
    σ  X , ε     

	
0.0689

	
Inv_gamma

	
0.002

	
2




	
27

	
standard deviation of foreign interest rate shock

	
    σ f    

	
0.0015

	
Inv_gamma

	
0.002

	
2




	
28

	
standard deviation of technology shock

	
    σ A    

	
0.0015

	
Inv_gamma

	
0.002

	
2




	
29

	
standard deviation of world output shock

	
    σ W    

	
0.0014

	
Inv_gamma

	
0.002

	
2




	
30

	
standard deviation of world inflation shock

	
    σ π    

	
0.0040

	
Inv_gamma

	
0.002

	
2




	
31

	
standard deviation of capital utilization rate shock

	
    σ  n y     

	
0.0014

	
Inv_gamma

	
0.002

	
2




	
32

	
standard deviation of investment-specific technology shock

	
    σ z    

	
0.0197

	
Inv_gamma

	
0.002

	
2




	
33

	
standard deviation of government expenditure shock

	
    σ g    

	
0.0088

	
Inv_gamma

	
0.002

	
2




	
34

	
standard deviation of monetary policy shock

	
    σ m    

	
0.0084

	
Inv_gamma

	
0.002

	
2
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Table 5. Business cycle moments of China: real data versus baseline model.
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	Targeted Moments
	Real Data
	Baseline Model





	   σ  ( y )    
	0.012
	0.019



	   σ  ( u )    
	0.019
	0.031



	   σ  ( u )  / σ  ( y )    
	1.58
	1.63



	   ρ  (  u , y  )    
	−0.51
	−0.47







Note: The real data statistics are obtained by the data used in Bayesian estimation (one-sided HP-filter). The model statistics are obtained by simulating the model 11 times for 120 quarters, computing moments, then averaging them across simulations.   σ  ( y )   ,   σ  ( u )      refers to the standard deviation of volatility component of domestic real output and unemployment rate, respectively.   ρ  (  u , y  )    refers to their correlation.
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Table 6. Unemployment moments of China: real data versus modified model.






Table 6. Unemployment moments of China: real data versus modified model.





	Targeted Moments
	Real Data
	Modified Model





	   σ  ( u )    
	0.019
	0.082



	   σ  ( u )  / σ  ( y )    
	1.58
	3.73







Note: The model statistics are also obtained by simulating the modified model 11 times for 120 quarters, computing moments, then averaging them across simulations, the same as the baseline model.
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