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This paper studies the theoretical implications of structural transformation and demographic transition in 

Mainland China for its domestic economy and the world interest rates. Our proposed model predicts that the 

transition from a manufacturing-oriented economy to a service-oriented economy affects the world interest rates 

through the balance of payment channel by changing the relative price of the non-tradables in the foreign 

country. Specifically, labour transfer without efficiency improvements in the tradable sector tends to lower the 

world interest rate, while economic transition triggered by initial productivity gains in the tradable sector tends to 

push up the interest rate. Our model also predicts that aging causes the real interest rate to fall, though by a 

small amount. Since interest rate movement during economic transition is small, its feedback effect on output 

and the real exchange rate is not large. Contrarily, labour transfer and aging have significant impacts on 

domestic output, besides the initial productivity gains (if any) in the tradable sector. Exchange rates and foreign 

output are also affected by domestic transition, especially when transition is triggered by efficiency improvement 

in domestic tradable sector.

Keywords: Structural transformation, demographic transition, current account, interest rate, exchange rate, 

Balassa-Samuelson effect
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1. Introduction 
China’s structural transformation is symbolised by shifting from a manufacturing oriented 
economy to a service oriented economy coupled with population flows from rural to urban 
areas. In an earlier study, we derive the necessary conditions for stabilising employment during 
economic transition in terms of productivity growth and fiscal expenditure in a two-sector 
model and analyse the implications of transition for the macro economy (Han (2020)). The 
theoretical predictions of our proposed model suggest the following. With the goal of 
stabilising employment, a key to China’s successful structural transformation is to promote 
product innovations in the tradable sector and productivity growth in the non-tradable sector. 
While product innovations increase job opportunities by increasing product varieties within the 
tradable sector, productivity growth in the non-tradable sector can absorb excess labour force 
moving from the tradable sector. In the short-run without significant technological progress, 
fiscal policies could be applied to stimulate demand and maintain employment stability. 
However, throughout the study, we assume the domestic interest rate is given in the 
international market. 

Since China is now a global economic power, its economic development can impact the 
world economy, and the two-way interaction between China’s domestic and international 
markets cannot be ignored. As such, China’s domestic structural transformation and 
demographic transition may affect the world interest rate, which in turn could feed back to its 
domestic market influencing the transformation itself.   

In this study, we relax the assumption of an exogenous interest rate by allowing the world 
interest rate to move  in step with foreign relative price through the Balassa-Samuelson and 
Stolper-Samuelson effects. We focus on interactions between China’s structural transformation, 
world interest rate movement, and the effects of labour transfer, interest rates and demographic 
transition on output and real exchange rates.  
 The model is set up with perfect capital mobility. Specifically in a two-country framework, 
both home and foreign countries produce tradables and non-tradables. While producers make 
zero profit in each sector conditional on capital and labour inputs, consumers in each country 
maximize their intertemporal and intratemporal consumption choices. The producers’ output 
optimization conditions connect factor prices and the relative price of non-tradables to 
productivity growth, while consumers’ utility maximization connects consumption to good 
price and real interest rate movements. The two economies are linked  by the current account, 
which determines foreign relative price and the world interest rate. While productivity growth 
in foreign country is set to be zero, the required productivity growth in domestic non-tradable 
sector to stabilize domestic employment conditional on initial shocks stability drives the 
economic dynamics through the whole process of domestic structural transformation.              

The analysis is based on two scenarios, one with labour transfer being triggered by a cut 
in excess production capacity in the tradable sector (initial investment shock scenario), and the 
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other with labour transfer being triggered by productivity gains in the tradable sector (initial 
efficiency change scenario). It shows labour transfer itself and aging tends to lower the interest 
rates, while efficiency improvement in the tradable sector tends to push up interest rates. The 
main reason is that, when capital intensity in the tradable sector is larger than that in the non-
tradable sector, labour transfer is associated with net domestic output loss, or net demand 
shrinking, and productivity gains in the tradable sector bring net domestic output gains, or net 
demand expansion. As a result, structural transformation without initial productivity shocks 
under the initial investment shock scenario lowers the interest rate, while it lifts the interest 
rates under the initial efficiency change scenario. Overall, the movement of interest rates under 
the two scenarios is small, so that the difference in productivity increment in the non-tradable 
sector required to maintain employment stability is small as well. On the other hand, given 
their mutual effects, the falling interest rate under the initial investment shock scenario benefits 
domestic output, while the rising interest rate under the initial efficiency change scenario 
lowers domestic output. Meanwhile, both aging and pure labour transfer lowers the output, 
while the productivity gains in the tradable sector in the initial efficiency change scenario 
benefit output. Their effects are much larger than that of interest rates. On the other hand, the 
impact of interest rate on the real exchange rate is ignorable, whereas labour transfer, aging 
and initial productivity gains in the tradable sector all have noticeable effect on exchange rates.               

The paper is organised as follows. Section 2 surveys related literature. Section 3 presents 
the baseline model showing how the world interest rate is affected by China’s economic 
transition in a competitive market and derive employment stability condition in terms of 
productivity increments in the non-tradable sector. Section 4 calibrates the model. Section 5 
simulates interest rate movement and required productivity increments in the non-tradable 
sector, followed by the analysis of factor contributions of domestic output and exchange rates. 
The effect of China’s economic transition on world output is also investigated. Section 7 
contracts the baseline model with monopolistic competition setting, showing they are 
compatible with each other in certain circumstances. Section 7 concludes.   
 
2. Related literature 
The dynamic process of structural transformation usually involves productivity shocks and 
relative price changes, where the Harrod-Balassa-Samuelson (HBS) effect and Stolper-
Samuelson (SS) theorem play a role.1              

In a one country setup, the HBS effect states that the internal real exchange rate 
appreciation (or a rise in the relative price of non-tradables) is attributable to productivity gains 
in its tradable sector. While in a cross-country setup, real exchange rate movements could be 
explained by productivity differentials between two countries. Meanwhile, the SS theorem 

                                                 
1 The main driving forces behind the structural transformation can be summarized as income effect and relative 
price effect. See Han (2020) for review of literature.  



4 
 

states that, a rise in the relative price of a product (sector) tends to raise the price of the factor 
most intensively used in that product (sector), while lowering the price of other factors 
(Obstfeld and Rogoff (1996)).  

There is relatively strong evidence on the HBS effect in terms of the internal real exchange 
rate. For example, De Gregorio et al. (1993) after controlling for government or private demand 
shifts and real wage pressures in 5 main European nations, and De Gregorio et al. (1994) after 
controlling for government or private demand shifts, real wage pressures and per capita income 
in 14 OECD countries, find strong evidence for the HBS effect. Asea and Mendoza (1994) by 
restricting the test to a general equilibrium model, also find strong relationship between the 
relative price of non-tradables and the TFP growth. Coricelli and Jazbec (2004), not only relate 
the relative price of non-tradables to productivity growth and consumption effect, but also 
disentangle the Balassa-Samuelson effect from the transition effect on the relative price of non-
tradables by introducing a transition parameter captured by the industry labour to service labour 
ratio. They find the transition from industry to services significantly increases the relative price 
of non-tradables, in addition to the HBS effect. 

The HBS effect in terms of the cross-country real exchange rate clearly depends on the 
degree of persistence of deviations from purchasing power parity for tradables, given a 
relatively strong HBS effect in terms of the internal real exchange rate (Obstfeld (2011)). Some 
studies show the evidence is mixed (Bordo et al. (2017), Chinn (2000), Engle (1999), Ito et al. 
(1999), Kakkar and Ogaki (1999), Kakkar and Yan (2014), Ricci et al. (2008), Canzoneri et al. 
(1999)). Other tests focusing on transition economies are more supportive, mainly due to 
institutional reforms in these economies leading to profound productivity gains. For example, 
Halpern and Wyplosz (1997) estimate the equilibrium real exchange rate and the real exchange 
rate dynamics based on labour productivity and wage differentials for six European transition 
economies. They find these economies experienced a continued real appreciation along with a 
trend real appreciation, where the Balassa-Samuelson effect plays a role after the initial 
depreciation. De Broeck and Slok (2006) also find clear evidence of the HBS effect in EU 
accession economies when the equilibrium exchange rate in these economies adjusted to new 
levels. Krajnyak and Zettelmeyer (1998) instead use US dollar wage as a proxy for the real 
exchange rate, and the PPP adjusted GDP, schooling, the share of agriculture in GDP and a 
dummy for OECD membership as productivity measures. In addition, they use a group of 
dummies to capture the transition effect. They have findings similar to Halpern and Wyplosz 
(1997). Frensch and Schmillen (2011) extend the HBS setup by decomposing the real exchange 
rate into productivity differentials and the transition effect, where the transition effect is 
separated into product quality improvement effect, trade liberalisation effect and sectoral 
reallocation effect, as suggested by Blanchard (1997). They find the HBS effect in Central and 
Eastern European countries (CEEC), and the transition itself leads  the real exchange rate to 
appreciate more in CEEC  than in non-transition economies.            
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     There is also evidence supporting the SS effect. For example, Fagan and Gaspar (2007) 
find that a fall in interest rates in countries after their Euro area participation leads to an increase 
in expenditure and the current account deficit, and an appreciation of the real exchange rate. 
Reis (2013) argues that capital flows into non-tradable sectors in Portugal before the global 
financial crisis lowered the interest rate, causing productivity to fall in both tradable and non-
tradable sectors and, the real exchange rate to appreciate. Rather than assuming factor mobility 
frictions and constant return to scale production, Kalantzis (2015) shows that a falling interest 
rate with a decreasing return to scale production may also generate persistent resource shift 
from the tradable to the non-tradable sector, causing real appreciation. When the non-tradable 
sector is large enough, the economic transition could even lead to the balance of payment crisis. 
Finally, Piton (2017) investigates the mechanism behind the divergence of relative prices 
across Europe by incorporating interest rates in the HBS framework. He shows that a persistent 
exogenous decline in interest rates can lead to an increase in the relative price of non-tradables 
and wages.  

 This study models China’s structural transformation in a two-country general equilibrium 
framework, with transition being characterised by a changing share of employment in the two 
sectors as in Coricelli and Jazbec (2004). While domestic productivity shocks affect the relative 
price of domestic non-tradables via the typical HBS effect, they can affect the relative price of 
foreign non-tradables through the current account channel as modelled by Obstfeld and Rogoff 
(2007) and Obstfeld (2011). This study extends Obstfeld and Rogoff (2007) and Obstfeld (2011) 
by incorporating investment into the model, and allowing the world interest rate to be 
determined through interactions between home and foreign countries. As such, the interest rate 
is varying and endogenous in the global market, which is also different from Piton (2017), 
where the interest rate is exogenous. One of the contributions of this study is to obtain a closed 
form solution for the world interest rate (and hence the general equilibrium model), where the 
effects of economic transitions on interest rates and other endogenous macro variables can be 
explicitly analysed. The study also supplements the literature by investigating economic 
dynamics in the context of China’s structural transformation featured with demographic 
changes. 
 
3. Baseline model 
This is a two-country model. Each country produces tradable and non-tradable goods in the 
competitive market. Tradable goods are traded across the border, and consumers can borrow 
or lend in international financial market to finance their consumption. The domestic economic 
transition interacts with foreign output and price through the current account, which determines 
the world interest rate.2  

                                                 
2 To make expressions more concise, in the following sections we omit subscript t for variables as a label of 
time if it would not cause confusion.   
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3.1. Domestic firms 
Assumptions on goods markets are pretty standard. Firms use labour L and capital K as inputs 
to produce both tradables and non-tradables with Cobb-Douglas production scheme and Hicks-
neutral technology A. Let the subscript T denote tradables, and N non-tradables. Output in the 
two sectors can be written as  
       YT  = 𝐴𝐴𝑇𝑇𝐾𝐾𝑇𝑇

1−𝑠𝑠𝑇𝑇𝐿𝐿𝑇𝑇
𝑆𝑆𝑇𝑇 =  𝐴𝐴𝑇𝑇𝑘𝑘𝑇𝑇

1−𝑠𝑠𝑇𝑇𝐿𝐿𝑇𝑇                              (1) 
and  
       YN = 𝐴𝐴𝑁𝑁𝐾𝐾𝑁𝑁

1−𝑠𝑠𝑁𝑁𝐿𝐿𝑁𝑁
𝑆𝑆𝑁𝑁 = 𝐴𝐴𝑁𝑁𝑘𝑘𝑁𝑁

1−𝑠𝑠𝑁𝑁𝐿𝐿𝑁𝑁                                             (2) 
where 𝑠𝑠𝑇𝑇 and 𝑠𝑠𝑁𝑁 are the labour income share, and kT and kN are the capital-labour ratio, in the 
two sectors.  Let q be the relative price of non-tradables in terms of tradables (with the price 
of tradables being normalized to be one). Let r be the world interest rate and w the domestic 
real wage, both also in terms of tradables. In this setup, a firm’s output optimality suggests 
marginal product of capital and labour equals r and w respectively, so that     
      r =(1-𝑠𝑠𝑇𝑇)AT𝑘𝑘𝑇𝑇

−𝑠𝑠𝑇𝑇= (1-𝑠𝑠𝑁𝑁)qAN𝑘𝑘𝑁𝑁
−𝑠𝑠𝑁𝑁                              (3) 

and    
      w = 𝑠𝑠𝑇𝑇AT 𝑘𝑘𝑇𝑇

1−𝑠𝑠𝑇𝑇= 𝑠𝑠𝑁𝑁𝑞𝑞𝐴𝐴𝑁𝑁𝑘𝑘𝑁𝑁
1−𝑠𝑠𝑁𝑁

                                                 (4) 
Equations (3)-(4) imply zero profit conditions in the competitive market, i.e. AT f (kT) = rkT 

+w and qAN g(kN) = rkN + w, with f (kT) =  𝑌𝑌𝑇𝑇
𝐿𝐿𝑇𝑇

= 𝑘𝑘𝑇𝑇
1−𝑠𝑠𝑇𝑇and g(kN)=  𝑌𝑌𝑁𝑁

𝐿𝐿𝑁𝑁
= 𝑘𝑘𝑁𝑁

1−𝑠𝑠𝑁𝑁 . When both 

interest rates and wages are varying, log-differencing Equations (3)-(4) leads to the following 
expressions for the wage, the relative price and the capital labour ratios: 

   𝑤𝑤� = 1
𝑠𝑠𝑇𝑇
�̂�𝐴𝑇𝑇 + �1 − 1

𝑠𝑠𝑇𝑇 
� �̂�𝑟                             (5) 

 𝑞𝑞� = �𝑠𝑠𝑁𝑁𝑠𝑠𝑇𝑇�̂�𝐴𝑇𝑇 − �̂�𝐴𝑁𝑁�+  �1 − 𝑠𝑠𝑁𝑁
𝑠𝑠𝑇𝑇
� �̂�𝑟                     (6) 

            𝑘𝑘�𝑁𝑁 = 𝑘𝑘�𝑇𝑇 = 𝑤𝑤�  − �̂�𝑟 = 𝐴𝐴�𝑇𝑇
𝑠𝑠𝑇𝑇
− �̂�𝑟

𝑠𝑠𝑇𝑇 
                             (7) 

where ^ denotes log difference. Equations (5)-(6) show the wage and the relative price are not 
only affected by technology shocks, but also the world interest rate. When the non-tradable 
sector is relatively labour intensive (i.e., sN > sT), a rise in the world interest rate will lower the 
wage (i.e., the return on labour input intensively used in the non-tradable sector) and hence the 
relative price of non-tradables. Equation (7) states that percentage changes in capital intensity 
are equalized across sectors, which are determined by interest rates and productivity shocks in 
the tradable sector.         
 
3.2. Domestic households 
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The representative household takes his lifetime utility function with discount rate 𝛽𝛽 and 
elasticity of intertemporal substitution 𝜃𝜃� between any two points in time:     

    𝑈𝑈(𝐶𝐶) = ∑ 𝛽𝛽𝑠𝑠−𝑡𝑡∞
𝑠𝑠=𝑡𝑡

𝐶𝐶𝑠𝑠
1−1

𝜃𝜃�

1−1
𝜃𝜃�

                                       (8) 

where consumption C at any time t is a CES function of the two consumption goods with 
share parameter γ and the elasticity of intratemporal substitution θ , i.e.,   

       𝐶𝐶 =𝐶𝐶(𝐶𝐶𝑇𝑇 ,𝐶𝐶𝑁𝑁)  = �𝛾𝛾
1
𝜃𝜃� 𝐶𝐶𝑇𝑇

(𝜃𝜃−1)
𝜃𝜃� + (1 − 𝛾𝛾)1 𝜃𝜃� 𝐶𝐶𝑁𝑁

(𝜃𝜃−1)
𝜃𝜃� �

𝜃𝜃
𝜃𝜃−1�

      (9) 

The household’s income flow in this open economy is described by the current account identity  
     𝐶𝐶𝐴𝐴𝑡𝑡 = 𝐵𝐵𝑡𝑡+1 − 𝐵𝐵𝑡𝑡 = 𝑟𝑟𝐵𝐵𝑡𝑡 + 𝑟𝑟𝑡𝑡𝐾𝐾𝑡𝑡 + 𝑤𝑤𝑡𝑡𝐿𝐿𝑡𝑡 − 𝐼𝐼𝑡𝑡 − 𝑝𝑝𝑡𝑡𝐶𝐶𝑡𝑡                (10)  
where CA is the current account; B is net foreign assets; K= KN+KT is total capital stock; I is 
investment in the two sectors; p is the aggregate price. The household’s total consumption 
expenditure PtCt can be divided into expenditure on tradables and non-tradables:  

 Z = pC = CT +q CN                                   (11)     
The intratemporal optimality of the CES function (9) subject to budget equation (11) gives the 
consumption choice 

         𝐶𝐶𝑇𝑇 = 𝛾𝛾𝛾𝛾
𝛾𝛾+(1−𝛾𝛾)𝑞𝑞1−𝜃𝜃

 = 𝛾𝛾 �1
𝑝𝑝
�
−𝜃𝜃
𝐶𝐶                         (12) 

         𝐶𝐶𝑁𝑁 = (1−𝛾𝛾)𝛾𝛾𝑞𝑞−𝜃𝜃

𝛾𝛾+(1−𝛾𝛾)𝑞𝑞1−𝜃𝜃
 = (1 − 𝛾𝛾) �𝑞𝑞

𝑝𝑝
�
−𝜃𝜃
𝐶𝐶                    (13) 

where the aggregate price is given by3   

         𝑝𝑝 = [𝛾𝛾 + (1 − 𝛾𝛾)𝑞𝑞1−𝜃𝜃]
1

1−𝜃𝜃                               (14)   
Meanwhile, the household’s intertemporal optimality of utility function (8) subject to the 
current account (10) gives the Euler equation  

        𝐶𝐶𝑡𝑡
−1
𝜃𝜃�

𝑃𝑃𝑡𝑡
= (1 + 𝑟𝑟)𝛽𝛽 𝐶𝐶𝑡𝑡+1

−1
𝜃𝜃�

𝑃𝑃𝑡𝑡+1
.                             (15) 

Log-difference of Equations (12)-(15) shows   
           �̂�𝐶𝑇𝑇 = �̂�𝑍 − (1 − 𝜃𝜃)𝛾𝛾𝑞𝑞𝑞𝑞� = 𝜃𝜃�̂�𝑝 + �̂�𝐶                    (16) 

           �̂�𝐶𝑁𝑁 = �̂�𝑍 − [𝜃𝜃 + (1 − 𝜃𝜃)𝛾𝛾𝑞𝑞]𝑞𝑞� = -𝜃𝜃(𝑞𝑞� − �̂�𝑝) + �̂�𝐶          (17) 

           �̂�𝑝 = (1−𝛾𝛾)𝑞𝑞1−𝜃𝜃

𝛾𝛾+(1−𝛾𝛾)𝑞𝑞1−𝜃𝜃
𝑞𝑞� = 𝛾𝛾𝑞𝑞𝑞𝑞�                           (18) 

           �̂�𝐶 = 𝜃𝜃�(�̂̅�𝑟 − �̂�𝑝)                                    (19)  

                                                 
3 By definition, the domestic price index p is the minimum expenditure with one unit of consumption composite, 
which is equivalent to the maximum consumption given one unit of consumption. Substituting CT and CN in 
Equations (12)-(13) into the CES function with Z =1 and C(CT,CN ) =1 gives the aggregate price p. 
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where 𝛾𝛾𝑞𝑞 = (1−𝛾𝛾)𝑞𝑞1−𝜃𝜃

𝛾𝛾+(1−𝛾𝛾)𝑞𝑞1−𝜃𝜃
, and �̂̅�𝑟 = ln(1+r) – lnβ ≈ 𝑟𝑟 − 𝑟𝑟0.    

 

3.3. Foreign output and consumption  
Let asterisk * denote foreign counterparts of home variables (except the world interest rate). 
We assume foreign country have market structure and production schemes similar to home, 
i.e.,  
        𝑌𝑌𝑇𝑇∗ = 𝐴𝐴𝑇𝑇∗ (𝐾𝐾𝑇𝑇∗)1−𝑠𝑠𝑇𝑇∗ (𝐿𝐿𝑇𝑇∗ )𝑠𝑠𝑇𝑇∗ ,  
and  
        𝑌𝑌𝑁𝑁∗ = 𝐴𝐴𝑁𝑁∗ (𝐾𝐾𝑁𝑁∗)1−𝑠𝑠𝑁𝑁∗ (𝐿𝐿𝑁𝑁∗ )𝑠𝑠𝑁𝑁∗ .  
With a uniform price for foreign tradable goods and q* for the relative price of non-tradables, 
the optimal condition for labour and capital inputs can be written as 

   𝑟𝑟 = (1 − 𝑠𝑠𝑇𝑇∗)𝐴𝐴𝑇𝑇∗ (𝑘𝑘𝑇𝑇∗ )−𝑠𝑠𝑇𝑇∗  = (1 − 𝑠𝑠𝑁𝑁)𝑞𝑞∗𝐴𝐴𝑁𝑁∗ (𝑘𝑘𝑁𝑁∗ )−𝑠𝑠𝑁𝑁            (20) 
        𝑤𝑤∗ = 𝑠𝑠𝑇𝑇∗𝐴𝐴𝑇𝑇∗ (𝑘𝑘𝑇𝑇∗ )1−𝑠𝑠𝑇𝑇∗ = 𝑠𝑠𝑁𝑁∗ 𝐴𝐴𝑁𝑁∗ 𝑞𝑞∗(𝑘𝑘𝑁𝑁∗ )1−𝑠𝑠𝑁𝑁∗                    (21) 
A little different from home, we assume there are no productivity shocks in foreign country, so 
that �̂�𝐴𝑇𝑇∗ = �̂�𝐴𝑁𝑁∗ = 0. Log-differencing Equations (20)–(21) leads to the following expressions 
for foreign wages, the world interest rate and foreign capital labour ratios :  

      𝑤𝑤�∗ = �1 − 1
𝑆𝑆𝑇𝑇
∗  
� �̂�𝑟                                   (22) 

         𝑞𝑞�∗ = (1 − 𝑆𝑆𝑁𝑁
∗

𝑆𝑆𝑇𝑇
∗ )�̂�𝑟                                     (23) 

     𝑘𝑘�𝑁𝑁∗ = 𝑘𝑘�𝑇𝑇∗ = 𝑤𝑤�∗ − �̂�𝑟 = − �̂�𝑟
𝑠𝑠𝑇𝑇
∗  

                           (24)                      

 
Though simpler, Equations (22)-(24) mirror Equations (5)-(7). Given foreign non-tradable 

sector is also relatively labour intensive, i.e. 𝑠𝑠𝑁𝑁∗  >𝑠𝑠𝑇𝑇∗  , Equation (23) shows the world interest 
rate moves opposite to foreign relative price of non-tradables. The interest rate tends to decline 
when foreign relative price of non-tradables rises, as the latter benefits labour more than capital, 
a result predicted by the Stolper-Samuelson theorem.  

We assume foreign households have their utility function similar to domestic households, 
and the discount rate is the same as domestic discount rate, so that their optimal intratemporal 
conditions and the aggregate price are given by  

 𝐶𝐶𝑇𝑇∗ = 𝛾𝛾∗𝑧𝑧∗

𝛾𝛾∗+(1−𝛾𝛾∗)(𝑞𝑞∗)1−𝜃𝜃∗
 = 𝛾𝛾∗ � 1

𝑝𝑝∗
�
−𝜃𝜃∗

𝐶𝐶∗                   (25) 

         𝐶𝐶𝑁𝑁∗ = (1−𝛾𝛾∗)𝛾𝛾∗(𝑞𝑞∗)−𝜃𝜃
∗

𝛾𝛾∗+(1−𝛾𝛾∗)(𝑞𝑞∗)1−𝜃𝜃∗
 = (1 − 𝛾𝛾∗) �𝑞𝑞

∗

𝑝𝑝∗
�
−𝜃𝜃∗

𝐶𝐶∗              (26) 

         𝑝𝑝∗ = [𝛾𝛾∗ + (1 − 𝛾𝛾∗)(𝑞𝑞∗)1−𝜃𝜃∗]
1

1−𝜃𝜃∗                           (27)   

Similar to home, foreign intertemporal condition is given by          
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          (𝐶𝐶𝑡𝑡∗)
− 1
𝜃𝜃�∗

𝑝𝑝𝑡𝑡∗
= (1 + 𝑟𝑟)𝛽𝛽 (𝐶𝐶𝑡𝑡+1∗ )

− 1
𝜃𝜃�∗

𝑝𝑝𝑡𝑡+1∗ .                           (28) 

Equations (25)-(28) can be written in log-difference forms: 
     �̂�𝐶𝑇𝑇∗ = �̂�𝑍∗ − (1 − 𝜃𝜃∗)𝛾𝛾𝑞𝑞∗𝑞𝑞�∗ = 𝜃𝜃∗�̂�𝑝∗ + �̂�𝐶∗                  (29) 

          �̂�𝐶𝑁𝑁∗ = �̂�𝑍∗ − [𝜃𝜃∗ + (1 − 𝜃𝜃∗)𝛾𝛾𝑞𝑞∗]𝑞𝑞�∗ = -𝜃𝜃∗(𝑞𝑞�∗ − �̂�𝑝∗) + �̂�𝐶∗      (30) 

          �̂�𝑝∗ = (1−𝛾𝛾∗)(𝑞𝑞∗)1−𝜃𝜃
∗

𝛾𝛾∗+(1−𝛾𝛾∗)(𝑞𝑞∗)1−𝜃𝜃∗
𝑞𝑞�∗ = 𝛾𝛾𝑞𝑞∗𝑞𝑞�∗                       (31) 

          �̂�𝐶∗ = 𝜃𝜃�∗(�̂̅�𝑟 − �̂�𝑝∗)                                    (32)  

where 𝛾𝛾𝑞𝑞∗ = (1−𝛾𝛾∗)(𝑞𝑞∗)1−𝜃𝜃
∗

𝛾𝛾∗+(1−𝛾𝛾∗)(𝑞𝑞∗)1−𝜃𝜃∗
 

 
 
3.4.  Market clearing conditions and model solution  

In this section, we derive a closed form solution for the model, where the dynamics of the world 

interest rate depends only on productivity shocks, labour force transfers and predetermined 

variables. To do this, we introduce four market clearing conditions:    

 YN = CN                                                  (33)    

 𝑌𝑌𝑁𝑁∗ = 𝐶𝐶𝑁𝑁∗                                                     (34) 

     rB = -rB*                                                   (35) 

          CA = -CA*                                                  (36) 

Equations (33)-(36) mean the current account identity net of interest payment can be written as 

 𝐶𝐶𝐴𝐴 − 𝑟𝑟𝐵𝐵 = 𝑌𝑌𝑇𝑇 − 𝐶𝐶𝑇𝑇 − 𝐼𝐼 = −(𝑌𝑌𝑇𝑇∗ − 𝐶𝐶𝑇𝑇∗ − 𝐼𝐼∗)                  (37) 

or in the log-difference form as  

𝑌𝑌�𝑇𝑇 − 𝛼𝛼𝐶𝐶𝑇𝑇�̂�𝐶𝑇𝑇 − 𝛼𝛼𝐾𝐾𝑇𝑇𝐾𝐾�𝑇𝑇 − 𝛼𝛼𝐾𝐾𝑁𝑁𝐾𝐾�𝑁𝑁 + 𝛼𝛼𝐼𝐼 = −Ω(𝑌𝑌�𝑇𝑇∗ − 𝛼𝛼𝐶𝐶𝑇𝑇∗ �̂�𝐶𝑇𝑇∗ − 𝛼𝛼𝐾𝐾𝑇𝑇∗ 𝐾𝐾�𝑇𝑇∗ − 𝛼𝛼𝐾𝐾𝑁𝑁∗ 𝐾𝐾�𝑁𝑁∗ + 𝛼𝛼𝐼𝐼∗)    (38) 

where 𝛼𝛼𝐶𝐶𝑇𝑇 = 𝐶𝐶𝑇𝑇,𝑡𝑡−1
𝑌𝑌𝑇𝑇,𝑡𝑡−1

, 𝛼𝛼𝐾𝐾𝑇𝑇 = 𝐾𝐾𝑇𝑇,𝑡𝑡−1
𝑌𝑌𝑇𝑇,𝑡𝑡−1

, 𝛼𝛼𝐾𝐾𝑁𝑁 = 𝐾𝐾𝑁𝑁,𝑡𝑡−1
𝑌𝑌𝑇𝑇,𝑡𝑡−1

, 𝛼𝛼𝐼𝐼 = 𝐼𝐼𝑇𝑇,𝑡𝑡−1+𝐼𝐼𝑁𝑁,𝑡𝑡−1
𝑌𝑌𝑇𝑇,𝑡𝑡−1

, 𝛼𝛼𝐶𝐶𝑇𝑇∗ = 𝐶𝐶𝑇𝑇,𝑡𝑡−1
∗

𝑌𝑌𝑇𝑇,𝑡𝑡−1
∗ , 𝛼𝛼𝐾𝐾𝑇𝑇∗ = 𝐾𝐾𝑇𝑇,𝑡𝑡−1

∗

𝑌𝑌𝑇𝑇,𝑡𝑡−1
∗ , 𝛼𝛼𝐾𝐾𝑁𝑁∗ = 𝐾𝐾𝑁𝑁,𝑡𝑡−1

∗

𝑌𝑌𝑇𝑇,𝑡𝑡−1
∗ , 

𝛼𝛼𝐼𝐼∗ = 𝐼𝐼𝑇𝑇,𝑡𝑡−1
∗ +𝐼𝐼𝑁𝑁,𝑡𝑡−1

∗    
𝑌𝑌𝑇𝑇,𝑡𝑡−1
∗ , Ω = 𝑌𝑌𝑇𝑇,𝑡𝑡−1

∗

𝑌𝑌𝑇𝑇,𝑡𝑡−1
. Based on Equation (38), we can express the world interest rate in terms 

of domestic productivity growth and labour movement. The process is pretty mechanical. By definition, 

𝑌𝑌�𝑇𝑇 = �̂�𝐴𝑇𝑇 + (1 − 𝑠𝑠𝑇𝑇)𝑘𝑘�𝑇𝑇 + 𝐿𝐿�𝑇𝑇 , 𝑌𝑌�𝑁𝑁 = �̂�𝐴𝑁𝑁 + (1 − 𝑠𝑠𝑁𝑁)𝑘𝑘�𝑁𝑁 + 𝐿𝐿�𝑁𝑁 , 𝐾𝐾�𝑇𝑇 = 𝑘𝑘�𝑇𝑇 + 𝐿𝐿�𝑇𝑇 , 𝐾𝐾�𝑁𝑁 = 𝑘𝑘�𝑁𝑁 + 𝐿𝐿�𝑁𝑁 , which 

combining Equations (7), (16)-(19) and (33) allows the left-hand-side (lhs) of Equation (38) to be 

written as 

     lhs = [�̂�𝐴𝑇𝑇 + (1 − 𝑠𝑠𝑇𝑇)𝑘𝑘�𝑇𝑇 + 𝐿𝐿�𝑇𝑇] -𝛼𝛼𝐶𝐶𝑇𝑇[�̂�𝐴𝑁𝑁 + (1 − 𝑠𝑠𝑁𝑁)𝑘𝑘�𝑁𝑁 + 𝐿𝐿�𝑁𝑁 + 𝜃𝜃𝑞𝑞�] -(𝛼𝛼𝐾𝐾𝑇𝑇 + 𝛼𝛼𝐾𝐾𝑁𝑁)𝑘𝑘�𝑁𝑁  

          −(𝛼𝛼𝐾𝐾𝑇𝑇 𝐿𝐿�𝑇𝑇 + 𝛼𝛼𝐾𝐾𝑁𝑁𝐿𝐿�𝑁𝑁) + 𝛼𝛼𝐼𝐼  

       = (�̂�𝐴𝑇𝑇 − 𝛼𝛼𝐶𝐶𝑇𝑇�̂�𝐴𝑁𝑁) +[(1 − 𝑠𝑠𝑇𝑇) − 𝛼𝛼𝐶𝐶𝑇𝑇(1 − 𝑠𝑠𝑁𝑁) − (𝛼𝛼𝐾𝐾𝑇𝑇 + 𝛼𝛼𝐾𝐾𝑁𝑁)]𝑘𝑘�𝑁𝑁 

          +[(1 − 𝛼𝛼𝐾𝐾𝑇𝑇 )𝐿𝐿�𝑇𝑇– (𝛼𝛼𝐶𝐶𝑇𝑇 + 𝛼𝛼𝐾𝐾𝑁𝑁)𝐿𝐿�𝑁𝑁] -𝛼𝛼𝐶𝐶𝑇𝑇𝜃𝜃𝑞𝑞� + 𝛼𝛼𝐼𝐼                               
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       = [(1 + 𝜓𝜓𝐾𝐾
𝑠𝑠𝑇𝑇
− 𝛼𝛼𝐶𝐶𝑇𝑇𝜃𝜃

𝑠𝑠𝑁𝑁
𝑠𝑠𝑇𝑇

)�̂�𝐴𝑇𝑇 + (𝜃𝜃 − 1)𝛼𝛼𝐶𝐶𝑇𝑇�̂�𝐴𝑁𝑁] –[𝜓𝜓𝐾𝐾
𝑠𝑠𝑇𝑇

+ (1 − 𝑠𝑠𝑁𝑁
𝑠𝑠𝑇𝑇

)𝛼𝛼𝐶𝐶𝑇𝑇𝜃𝜃]�̂�𝑟 

          +[(1 − 𝛼𝛼𝐾𝐾𝑇𝑇 )𝐿𝐿�𝑇𝑇– (𝛼𝛼𝐶𝐶𝑇𝑇 + 𝛼𝛼𝐾𝐾𝑁𝑁)𝐿𝐿�𝑁𝑁] + 𝛼𝛼𝐼𝐼                            (39) 

where 𝜓𝜓𝐾𝐾 = (1 − 𝑠𝑠𝑇𝑇) − 𝛼𝛼𝐶𝐶𝑇𝑇(1− 𝑠𝑠𝑁𝑁)− (𝛼𝛼𝐾𝐾𝑇𝑇 + 𝛼𝛼𝐾𝐾𝑁𝑁) . 4  Since foreign productivity shocks �̂�𝐴𝑇𝑇∗ =

�̂�𝐴𝑁𝑁∗ = 0, and the term in the brackets of the right-hand side (rhs) of Equation (38) is symmetry to the 

left-hand side, it follows that  

     rhs = −Ω{–[𝜓𝜓𝑘𝑘
∗

𝑠𝑠𝑇𝑇
∗ + 𝛼𝛼𝐶𝐶𝑇𝑇∗ 𝜃𝜃∗ �1 − 𝑠𝑠𝑁𝑁

∗

𝑠𝑠𝑇𝑇
∗ �]�̂�𝑟+[(1 − 𝛼𝛼𝐾𝐾𝑇𝑇∗ )𝐿𝐿�𝑇𝑇∗ – (𝛼𝛼𝐶𝐶𝑇𝑇∗ + 𝛼𝛼𝐾𝐾𝑁𝑁∗ )𝐿𝐿�𝑁𝑁∗ ] + 𝛼𝛼𝐼𝐼∗ }  (40)        

with 𝜓𝜓𝐾𝐾∗ = (1 − 𝑠𝑠𝑇𝑇∗ ) − 𝛼𝛼𝐶𝐶𝑇𝑇∗ (1− 𝑠𝑠𝑁𝑁∗ )− (𝛼𝛼𝐾𝐾𝑇𝑇∗ +𝛼𝛼𝐾𝐾𝑁𝑁∗ ) . Since 𝑌𝑌�𝑁𝑁∗ = �̂�𝐴𝑁𝑁∗ + (1 − 𝑠𝑠𝑁𝑁∗ )𝑘𝑘�𝑁𝑁
∗ + 𝐿𝐿�𝑁𝑁

∗  = (1 −

𝑠𝑠𝑁𝑁∗ )𝑘𝑘�𝑁𝑁∗ + 𝐿𝐿�𝑁𝑁∗ , and 𝑌𝑌�𝑁𝑁∗ = �̂�𝐶𝑁𝑁∗ , it follows from Equations (30)-(32) that 

     (1 − 𝑠𝑠𝑁𝑁∗ )𝑘𝑘�𝑁𝑁∗ + 𝐿𝐿�𝑁𝑁∗  = −𝜃𝜃∗(𝑞𝑞�∗ − �̂�𝑝∗) + 𝜃𝜃�∗(𝑟𝑟 − 𝑟𝑟0 − �̂�𝑝∗).                     (41) 

By using Equations (23)-(24) to substitute away 𝑘𝑘�𝑁𝑁∗ , 𝑞𝑞�∗and �̂�𝑝∗, the foreign labour force in Equation 

(41) can be written as   

     𝐿𝐿�𝑁𝑁∗ = −𝜃𝜃∗�1− 𝛾𝛾𝑞𝑞∗�𝑞𝑞�∗ + 𝜃𝜃�∗(𝑟𝑟 − 𝑟𝑟0 − 𝛾𝛾𝑞𝑞∗𝑞𝑞�∗)-(1-𝑠𝑠𝑁𝑁∗ )(- �̂�𝑟
𝑠𝑠𝑇𝑇
∗) 

        = [−𝜃𝜃∗�1− 𝛾𝛾𝑞𝑞∗� �1− 𝑆𝑆𝑁𝑁
∗

𝑆𝑆𝑇𝑇
∗ � − 𝜃𝜃�∗𝛾𝛾𝑞𝑞∗(1− 𝑆𝑆𝑁𝑁

∗

𝑆𝑆𝑇𝑇
∗ ) ]�̂�𝑟 + 𝜃𝜃�∗(𝑟𝑟 − 𝑟𝑟0)− (1 − 𝑠𝑠𝑁𝑁∗ )(− �̂�𝑟

𝑠𝑠𝑇𝑇
∗) 

        = [(−𝜃𝜃∗ + 𝜃𝜃∗𝛾𝛾𝑞𝑞∗ − 𝜃𝜃�∗𝛾𝛾𝑞𝑞∗) �1− 𝑆𝑆𝑁𝑁
∗

𝑆𝑆𝑇𝑇
∗ � + 1−𝑠𝑠𝑁𝑁

∗

𝑠𝑠𝑇𝑇
∗ ]�̂�𝑟 +𝜃𝜃�∗(𝑟𝑟𝑡𝑡−1�̂�𝑟 + 𝑟𝑟𝑡𝑡−1 − 𝑟𝑟0) 

        = 𝑥𝑥𝐿𝐿𝑁𝑁∗ �̂�𝑟 +𝜃𝜃�∗(𝑟𝑟𝑡𝑡−1 − 𝑟𝑟0).                                          (42) 

where 𝑥𝑥𝐿𝐿𝑁𝑁∗ = [1 − 𝜃𝜃∗ + (𝜃𝜃∗ − 𝜃𝜃�∗)𝛾𝛾𝑞𝑞∗] �1− 𝑆𝑆𝑁𝑁
∗

𝑆𝑆𝑇𝑇
∗ � + 1−𝑠𝑠𝑇𝑇

∗

𝑠𝑠𝑇𝑇
∗ + 𝜃𝜃�∗𝑟𝑟𝑡𝑡−1.   In focusing on the impact of 

home’s economic transition on world economy, we assume constant total foreign labour force, so that 

foreign labor force in the tradable sector is  

      𝐿𝐿�𝑇𝑇∗ = −𝜃𝜃𝑁𝑁
∗

𝜃𝜃𝑇𝑇
∗ 𝐿𝐿�𝑁𝑁∗ = − 𝜃𝜃𝑁𝑁

∗

1−𝜃𝜃𝑁𝑁
∗ 𝐿𝐿�𝑁𝑁∗ = − 𝜃𝜃𝑁𝑁

∗

1−𝜃𝜃𝑁𝑁
∗ 𝑥𝑥𝐿𝐿𝑁𝑁∗ �̂�𝑟 − 𝜃𝜃𝑁𝑁

∗

1−𝜃𝜃𝑁𝑁
∗ 𝜃𝜃�∗(𝑟𝑟𝑡𝑡−1 − 𝑟𝑟0).          (43) 

Plugging the above expressions for 𝐿𝐿�𝑇𝑇∗  and 𝐿𝐿�𝑁𝑁∗  into Equation (40) yields 

      rhs = −Ω{–[𝜓𝜓𝑘𝑘
∗

𝑠𝑠𝑇𝑇
∗ + 𝛼𝛼𝐶𝐶𝑇𝑇∗ 𝜃𝜃∗ �1 − 𝑠𝑠𝑁𝑁

∗

𝑠𝑠𝑇𝑇
∗ �]�̂�𝑟+[(1 − 𝛼𝛼𝐾𝐾𝑇𝑇∗ )𝐿𝐿�𝑇𝑇∗ – (𝛼𝛼𝐶𝐶𝑇𝑇∗ + 𝛼𝛼𝐾𝐾𝑁𝑁∗ )𝐿𝐿�𝑁𝑁∗ ] + 𝛼𝛼𝐼𝐼∗ }  

      =    Ω{[ 𝜃𝜃𝑁𝑁
∗

1−𝜃𝜃𝑁𝑁
∗ (1 − 𝛼𝛼𝐾𝐾𝑇𝑇∗ )+𝛼𝛼𝐶𝐶𝑇𝑇∗ + 𝛼𝛼𝐾𝐾𝑁𝑁∗ ]𝑥𝑥𝐿𝐿𝑁𝑁∗  +[𝜓𝜓𝑘𝑘

∗

𝑠𝑠𝑇𝑇
∗ + (1 − 𝑠𝑠𝑁𝑁

∗

𝑠𝑠𝑇𝑇
∗ )𝛼𝛼𝐶𝐶𝑇𝑇∗ 𝜃𝜃∗]}�̂�𝑟 

        −Ω{𝛼𝛼𝐼𝐼∗ − [ 𝜃𝜃𝑁𝑁
∗

1−𝜃𝜃𝑁𝑁
∗ (1 − 𝛼𝛼𝐾𝐾𝑇𝑇∗ )𝜃𝜃�∗ + (𝛼𝛼𝐶𝐶𝑇𝑇∗ + 𝛼𝛼𝐾𝐾𝑁𝑁∗ )𝜃𝜃�∗](𝑟𝑟𝑡𝑡−1 − 𝑟𝑟0)}             

      =  𝑥𝑥Ω∗ �̂�𝑟 − 𝑥𝑥𝐼𝐼∗,                                                 (44)  

where  

          𝑥𝑥Ω∗ = Ω{[ 𝜃𝜃𝑁𝑁
∗

1−𝜃𝜃𝑁𝑁
∗ (1 − 𝛼𝛼𝐾𝐾𝑇𝑇∗ )+𝛼𝛼𝐶𝐶𝑇𝑇∗ + 𝛼𝛼𝐾𝐾𝑁𝑁∗ ]𝑥𝑥𝐿𝐿𝑁𝑁∗ +[𝜓𝜓𝑘𝑘

∗

𝑠𝑠𝑇𝑇
∗ + (1 − 𝑠𝑠𝑁𝑁

∗

𝑠𝑠𝑇𝑇
∗ )𝛼𝛼𝐶𝐶𝑇𝑇∗ 𝜃𝜃∗]},  

and  

                                                 
4 The purpose of Introducing the intermediate variable 𝜓𝜓𝐾𝐾  is to make the formula more concise without 
more economic meanings attached. So are 𝜓𝜓𝐾𝐾∗ , 𝑥𝑥𝐿𝐿𝑁𝑁∗ , 𝑥𝑥Ω∗ , 𝑥𝑥𝐼𝐼∗, 𝑥𝑥𝐿𝐿𝑁𝑁, 𝑥𝑥𝐴𝐴, 𝑥𝑥𝐼𝐼𝑟𝑟  and 𝜓𝜓𝑁𝑁 in the following text.  
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          𝑥𝑥𝐼𝐼∗ = Ω{𝛼𝛼𝐼𝐼∗−[ 𝜃𝜃𝑁𝑁
∗

1−𝜃𝜃𝑁𝑁
∗ 𝜃𝜃�∗(1 − 𝛼𝛼𝐾𝐾𝑇𝑇∗ ) + 𝜃𝜃�∗(𝛼𝛼𝐶𝐶𝑇𝑇∗ + 𝛼𝛼𝐾𝐾𝑁𝑁∗ )](𝑟𝑟𝑡𝑡−1 − 𝑟𝑟0)}. 

By equating lhs in Equation (39) to rhs in Equation (44), one obtains the following expression 

for �̂�𝑟:                                                        

      �̂�𝑟 =
[(1+𝜓𝜓𝐾𝐾𝑠𝑠𝑇𝑇

 −  𝑠𝑠𝑁𝑁𝑠𝑠𝑇𝑇
𝛼𝛼𝐶𝐶𝑇𝑇𝜃𝜃)𝐴𝐴�𝑇𝑇+(𝜃𝜃−1)𝛼𝛼𝐶𝐶𝑇𝑇𝐴𝐴�𝑁𝑁]+[(1−𝛼𝛼𝐾𝐾𝑇𝑇 )𝐿𝐿�𝑇𝑇–(𝛼𝛼𝐶𝐶𝑇𝑇+𝛼𝛼𝐾𝐾𝑁𝑁)𝐿𝐿�𝑁𝑁] + (𝛼𝛼𝐼𝐼+𝑥𝑥𝐼𝐼

∗)

𝜓𝜓Ω
∗ .  (45) 

where 𝜓𝜓Ω
∗ = 𝜓𝜓𝐾𝐾

𝑠𝑠𝑇𝑇
+ �1 − 𝑠𝑠𝑁𝑁

𝑠𝑠𝑇𝑇
� 𝛼𝛼𝐶𝐶𝑇𝑇𝜃𝜃 + 𝑥𝑥Ω∗ .  

The terms in the first bracket of the numerator in Equation (45) are productivity shocks. 

Since the capital-output ratios 𝛼𝛼𝐾𝐾𝑇𝑇  and 𝛼𝛼𝐾𝐾𝑁𝑁  are much  larger than other parameters in its 

expression , 𝜓𝜓𝐾𝐾< 0. Similarly, we can infer that 𝑥𝑥Ω∗< 0. It follows that positive AT shocks would 

push up the world interest rate, while positive AN shocks would lower the world interest rate 

(given a fairly normal elasticity of intratemporal substitution parameter 𝜃𝜃). The terms in the 

second bracket are labour force migrations between the two sectors. Since 𝛼𝛼𝐾𝐾𝑇𝑇 > 1, a labour 

force decline in manufacturing sector tends to lower the interest rate, while a labour force rise 

in the service sector tends to push up the interest rate. The net effect of labour force migration 

depends on the relative value of (1 − 𝛼𝛼𝐾𝐾𝑇𝑇 ) and (𝛼𝛼𝐶𝐶𝑇𝑇 + 𝛼𝛼𝐾𝐾𝑁𝑁). Given that 0 < 𝛼𝛼𝐶𝐶𝑇𝑇<1, and 

the capital-output ratio (or the capital intensity with C-D production function) is much larger 

in manufacturing than in services (i.e., 𝛼𝛼𝐾𝐾𝑇𝑇 ≫ 𝛼𝛼𝐾𝐾𝑁𝑁) , the net effect of labour force migration 

tends to lower the interest rate. It can also be inferred that aging would lower the interest rate, 

as it is associated with labour force shrinking.  

At this point we essentially reach a closed-form solution to the model following the 

expression for the interest rate in Equation (45), although �̂�𝐴𝑁𝑁  can be pinned down by 

employment stability condition in the following section. When �̂�𝑟 is determined from Equation 

(45) by domestic productivity shocks and labour force shifts, 𝑤𝑤� , 𝑞𝑞� , 𝑘𝑘�𝑁𝑁 and 𝑘𝑘�𝑇𝑇 can be solved 

from Equations (5)-(7), and hence 𝑌𝑌�𝑁𝑁  and 𝑌𝑌�𝑇𝑇 . Domestic consumption and prices can be 

obtained by applying �̂�𝑟, 𝑞𝑞� and lagged interest rate differential 𝑟𝑟𝑡𝑡−1 − 𝑟𝑟0 into Equations (16)-

(19). It can be inferred from Equations (5)-(7) and the above discussion on Equation (45) that, 

varying interest rates would to a certain extent mitigate the positive effect of domestic 

productivity shocks in the tradable sector on wages, as the effect is partly offset by that of 

shocks on interest rates. Similarly, varying interest rates would to a certain extent mitigate the 

effect of domestic productivity shocks on domestic relative price and on domestic capital 

intensity. Of course, the mitigation effect of interest rates largely depends on two large 

parameters in Equation (45), 𝜓𝜓𝐾𝐾 and 𝜓𝜓Ω
∗ .                
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As for foreign country, by plugging �̂�𝑟 into Equations (22)-(24), we obtain solutions to 

𝑤𝑤�∗, 𝑞𝑞�∗, 𝑘𝑘�𝑁𝑁∗  and 𝑘𝑘�𝑇𝑇∗ . By plugging 𝑞𝑞�∗, �̂�𝑟 and lagged interest rate differential 𝑟𝑟𝑡𝑡−1 − 𝑟𝑟0 into 

Equations (29)-(32), we can calculate �̂�𝑝∗, �̂�𝐶∗,�̂�𝐶𝑁𝑁∗  and �̂�𝐶𝑇𝑇∗. By plugging �̂�𝑟 and lagged interest 

rate differential 𝑟𝑟𝑡𝑡−1 − 𝑟𝑟0  into Equations (42)-(43), we can further determine 𝐿𝐿�𝑁𝑁∗  and 𝐿𝐿�𝑇𝑇∗ , 

which combined with 𝑘𝑘�𝑁𝑁∗  and 𝑘𝑘�𝑇𝑇∗  leads to the solution to 𝑌𝑌�𝑁𝑁∗ and 𝑌𝑌�𝑇𝑇∗.                

 

3.5. Measuring domestic structural transformation 

Domestic structural transformation contains two interconnected contents, one is labour force 
shifts from manufacturing to services along with demographic changes, the other domestic 
productivity increments in the nontradable sector associated with employment stability 
condition. The employment stability condition implied by labour force shifts between the two 
sectors and initial productivity shocks in the tradable sector tie down the required productivity 
increment in the nontradable sector. 
 
3.5.1. Domestic labour shifts 
The prerequisite for a smooth domestic structural transformation is employment stability 
emphasized by the State Council (Zhao, 2011). Without demographic and participation rate 
changes, the excess labour force migrated from the tradable sector equals the labour force 
absorbed by the non-tradable sector. Let 𝜃𝜃𝑁𝑁 be the share of non-tradable sector’s employment 
in the total employment without demographic changes. Given total employment L =LT +LN, 
the employment stability means 𝐿𝐿� = 0, so that 

𝐿𝐿�𝑁𝑁 = −1−𝜃𝜃𝑁𝑁
𝜃𝜃𝑁𝑁

𝐿𝐿�𝑇𝑇.                                          (46)                                    

Now consider the case with demographic changes. Let λ denote the rate of demographic 
changes (with λ<0 meaning the rate of labour reduction due to population aging), and 𝜃𝜃�𝑁𝑁 be 
the share of nontradable sector’s labour in the total employment with demographic changes. 
When labour participation is assumed constant, λ measures the total employment changes, i.e., 
𝐿𝐿� = λ or 𝜃𝜃�𝑁𝑁𝐿𝐿�𝑁𝑁 + 𝜃𝜃�𝑇𝑇𝐿𝐿�𝑇𝑇 = λ, so that                                   

       𝐿𝐿�𝑁𝑁 = −1−𝜃𝜃�𝑁𝑁
𝜃𝜃�𝑁𝑁

𝐿𝐿�𝑇𝑇 + λ
𝜃𝜃�𝑁𝑁

                                     (47)  

While λ and 𝜃𝜃𝑁𝑁 are exogenous in the model, 𝜃𝜃�𝑁𝑁 is endogenous. To link 𝜃𝜃�𝑁𝑁 to λ and 𝜃𝜃𝑁𝑁, 
we assume demographic changes cause total employment to vary through  shrinkage in the 
pool of labour migrating to the non-tradable sector. As such, employment in the tradable sector 
LT at each period is matched by employment in the non-tradable sector 𝐿𝐿 − 𝐿𝐿𝑇𝑇 + λL, with the 
total employment becoming (𝐿𝐿 + λL). It follows that 𝜃𝜃�𝑁𝑁 is given by  

       𝜃𝜃�𝑁𝑁 = 𝐿𝐿−𝐿𝐿𝑇𝑇+ λ𝐿𝐿 
𝐿𝐿+λ𝐿𝐿

= 1 − 1−𝜃𝜃𝑁𝑁
1+𝜆𝜆

.                                (48)  
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When λ = 0,  𝜃𝜃�𝑁𝑁 = 𝜃𝜃𝑁𝑁, and Equation (47) simply becomes Equation (46).     
 
3.5.2. Productivity increments in the non-tradable sector 
Since 𝑌𝑌�𝑁𝑁 = �̂�𝐶𝑁𝑁, plugging the expression for 𝑌𝑌�𝑁𝑁 from the log-differenced Equations (2) and the 

expression for �̂�𝐶𝑁𝑁 from Equations (6) - (7) and (17)-(19) combined yields  

  𝐿𝐿�𝑁𝑁 + �̂�𝐴𝑁𝑁 + (1 − 𝑠𝑠𝑁𝑁) �𝐴𝐴
�𝑇𝑇
𝑠𝑠𝑇𝑇
− �̂�𝑟

𝑠𝑠𝑇𝑇
� = �−𝜃𝜃 + �𝜃𝜃 − 𝜃𝜃��𝛾𝛾𝑞𝑞� ��

𝑠𝑠𝑁𝑁
𝑠𝑠𝑇𝑇
�̂�𝐴𝑇𝑇 − �̂�𝐴𝑁𝑁� + �1 − 𝑠𝑠𝑁𝑁

𝑠𝑠𝑇𝑇
� �̂�𝑟� + 𝜃𝜃�(𝑟𝑟 − 𝑟𝑟0)        

so that                               

    �̂�𝐴𝑁𝑁 = −1
𝜑𝜑𝐴𝐴

[𝐿𝐿�𝑁𝑁 + (1 − 𝜑𝜑𝐴𝐴𝑠𝑠𝑁𝑁) 𝐴𝐴
�𝑇𝑇
𝑠𝑠𝑇𝑇
− 𝑥𝑥𝐿𝐿𝑁𝑁𝑟𝑟� − 𝜃𝜃�(𝑟𝑟𝑡𝑡−1 − 𝑟𝑟0)],              (49)  

where   
    𝜑𝜑𝐴𝐴 = 1 − 𝜃𝜃 + (𝜃𝜃 − 𝜃𝜃�)𝛾𝛾𝑞𝑞,  
and  

   𝑥𝑥𝐿𝐿𝑁𝑁 = [1 − 𝜃𝜃 + (𝜃𝜃 − 𝜃𝜃�)𝛾𝛾𝑞𝑞] �1 − 𝑠𝑠𝑁𝑁
𝑠𝑠𝑇𝑇
� + 1−𝑠𝑠𝑇𝑇

𝑠𝑠𝑇𝑇
+ 𝜃𝜃�𝑟𝑟𝑡𝑡−1 = 𝜑𝜑𝐴𝐴 �1 − 𝑠𝑠𝑁𝑁

𝑠𝑠𝑇𝑇
� + 1−𝑠𝑠𝑇𝑇

𝑠𝑠𝑇𝑇
+ 𝜃𝜃�𝑟𝑟𝑡𝑡−1.   

Plugging Equation (45) into Equation (49) to eliminate �̂�𝑟 yields 

 �̂�𝐴𝑁𝑁 = 1
𝜑𝜑𝐴𝐴𝜓𝜓Ω

∗ −𝑥𝑥𝐿𝐿𝑁𝑁(𝜃𝜃−1)𝛼𝛼𝐶𝐶𝑇𝑇
{𝑥𝑥𝐴𝐴

𝐴𝐴�𝑇𝑇
𝑠𝑠𝑇𝑇

+ 𝑥𝑥𝐿𝐿𝑁𝑁(1− 𝛼𝛼𝐾𝐾𝑇𝑇)𝐿𝐿�𝑇𝑇 − [𝑥𝑥𝐿𝐿𝑁𝑁(𝛼𝛼𝐶𝐶𝑇𝑇 + 𝛼𝛼𝐾𝐾𝑇𝑇) + 𝜓𝜓Ω∗ ]𝐿𝐿�𝑁𝑁 + 𝑥𝑥𝐼𝐼𝑟𝑟∗ }  (50)    

where  
     𝑥𝑥𝐴𝐴 = 𝜓𝜓Ω

∗ (𝜑𝜑𝐴𝐴𝑠𝑠𝑁𝑁 − 1) + 𝑥𝑥𝐿𝐿𝑁𝑁(𝑠𝑠𝑇𝑇 + 𝜓𝜓𝑘𝑘 − 𝑠𝑠𝑁𝑁𝛼𝛼𝐶𝐶𝑇𝑇𝜃𝜃), 
and  
     𝑥𝑥𝐼𝐼𝑟𝑟∗ = 𝑥𝑥𝐿𝐿𝑁𝑁(𝛼𝛼𝐼𝐼 + 𝑥𝑥𝐼𝐼∗) + 𝜓𝜓Ω

∗ 𝜃𝜃�(𝑟𝑟𝑡𝑡−1 − 𝑟𝑟0). 
  

Equation (50) provides the condition in terms of productivity increments in the non-
tradable sector to maintain employment stability, which is pinned down by the initial 
productivity growth �̂�𝐴𝑇𝑇  (if any), the labour migration rate  𝐿𝐿�𝑇𝑇 , demographic parameter λ 
and labour share 𝜃𝜃𝑁𝑁 (if we substitute 𝐿𝐿�𝑁𝑁 with 𝐿𝐿�𝑇𝑇 by using Equation (47)).  
 
4. Calibration 
Before calibration, we must define tradable and non-tradable sectors. In line with international 
trade flows, manufacturing (excluding “food products, beverage and tobacco”) and mining 
industries are classified into tradable sector, while other industries are classified into non-
tradable sector.5  

Calibration is based on raw data from China’s National Bureau of Statistics and the 
World Bank and OECD Statistics. 2015 is the base year. Some earlier data will be used for 
calibration if necessary or data for 2015 cannot be found.    

                                                 
5 The criterion based on international trade flows is that an industry belongs to the tradable sector if its gross trade 
accounts for at least 10% of its value added, otherwise it belongs to the non-tradable sector.   
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4.1. Parameters 
Domestic parameters include {𝜃𝜃, 𝜃𝜃�,𝜃𝜃𝑁𝑁, λ, 𝑠𝑠𝑇𝑇, 𝑠𝑠𝑁𝑁, 𝛾𝛾, β}, where 𝜃𝜃𝑁𝑁 is changing over time.  
Despite that many tradable and non-tradable parameters are calibrated in Han (2019), we still 
describe them in full scope. The elasticity of domestic intratemporal substitution 𝜃𝜃  is 
estimated around 4.9, while that of intertemporal substitution 𝜃𝜃� is set to be 0.8, the upper 
bound of estimates for developing countries6. From employment in the urban non-private firms 
and rural township firms, the domestic labour share of the non-tradable sector 𝜃𝜃𝑁𝑁 in base year 
is estimated to be 0.58. We assume the labour force migrates from the tradable sector to the 
non-tradable sector evenly (i.e., 𝐿𝐿�𝑇𝑇 = -2.2% per annum), so that 𝜃𝜃𝑁𝑁 will grow accordingly 
and reach 0.70 in 15 years, a level in line with many developed economies. The demographic 
parameter λ is directly taken from the World Bank database, measured by the percentage 
change in the (projected) population aged between 15-65. It ranges from 0.24% in 2015 to –
0.69% in 2030, staying in the negative territory since 2017. The labour income shares 𝑠𝑠𝑇𝑇 and 
𝑠𝑠𝑁𝑁 are set to be 0.5 and 0.6 respectively, close to the average income shares calculated from 
NBS I-O tables of 2002, 2005, 2007, 2010, and 2012.7 The share of tradable consumption 𝛾𝛾 
is set to be 0.34, the average share in the period of 2008-2015. Finally, β is defined as the 
inverse of the initial gross interest rate.   

As for foreign parameters {θ*,𝜃𝜃�∗ , 𝑆𝑆𝑇𝑇∗ , 𝑆𝑆𝑁𝑁∗ , 𝛾𝛾*, β*}, the elasticity of intratemporal 
substitution θ* and the elasticity of intertemporal substitution 𝜃𝜃�∗  are set to be 2 and 1.2 
respectively.8 The initial labour share of the non-tradable sector 𝜃𝜃𝑁𝑁∗  is set to be 0.8, and the real 
labour income share 𝑆𝑆𝑇𝑇∗  and 𝑆𝑆𝑁𝑁∗  is set to be 0.65 and 0.70 respectively, according to OECD 
Statistics.9 The share of tradable consumption 𝛾𝛾* is estimated to be 0.5, according to the 
World bank data. Finally, we set β*= β according to intertemporal conditions at the steady state.    

                                                 
6 The estimation for θ is available upon request. Be aware that the estimate of θ varies across empirical studies. 
For example, Liao (2014) sets the elasticity of substitution between manufacturing and distribution services to be 
0.7 in China, while the elasticity of substitution between personal services and home production goods to be 4.05. 
Dekle and Vandenbroucke (2012) assume the elasticity of substitution between agriculture and the tradable sector 
to be unity in China, while Chang et al. (2016) sets the elasticity of substitution between retail goods to be 10. 
Similarly, there is no unanimous estimation for 𝜃𝜃�. A survey by Reinhart and Vegh (2009) finds that most estimates 
for developing countries are less than 0.8.       
7 The value of parameters depends on sectoral classification. For example, Liao (2020), by using I-O tables for 
the period of 1984-2007, estimates that labour income share in agriculture, the tradable sector, distribution services 
and personal services is 0.85, 0.40, 0.47 and 0.42 respectively. While Dekle and Vandenbroucke (2012) calibrate 
the labour income share in agriculture and the tradable sector to be 0.76 and 0.46 respectively, Brandt and Zhu 
(2010), Chang et al. (2016) and Song et al. (2011) assume that labour income share to be 0.5 across sectors.  
8 The value of 𝜃𝜃∗ is based on Obstfeld (2007). It appears that more developed countries have lower elasticity 
of intratemporal substitution. The value of 𝜃𝜃�∗ is in line with Hu (1993) by system estimation. Hu (1993) also 
shows that the elasticity from single equation estimation is much lower. However, the system estimation tends 
to be more accurate.      
9 For 𝜃𝜃𝑁𝑁∗  , Manufacturing includes Energy industry, and agriculture is excluded from industrial 
classification. 𝑆𝑆𝑇𝑇∗   is the simple average of the real labour income share in manufacturing, while 𝑆𝑆𝑁𝑁∗   is the 
simple average of the real labour income share in Construction, Financial and business services, Trade-
transportation-communication, Market services, and Business excluding agriculture. Calculation is based on year 
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4.2. Initial value of macro variables 
To make the model self-consistent, most variables are derived from their model relationships 
or empirical ratios rather than each being estimated directly from the raw data. Specifically, for 
domestic variables { LT, LN, q, AT, AN, KN, KT , YT, YN, CT, CN, I, r}, we only make assumptions 
that the initial r = 3% and the initial AT =1. From the raw data, the initial LT is estimated to be 
the total hire by urban non-private and rural township firms in the tradable sector, which is 117 
million. We use NBS industrial prices weighted by their value added to estimate the initial 
value of domestic relative price q, which is 1.7. In addition, three empirical ratios, YT/qYN, 
CT/YT, I/Y are calculated from NBS industrial output and GDP components. By our tradable 
and non-tradable classification, YT/qYN =1.36, CT/YT =0.2, and I/Y = 0.36.    

The initial KT is backed out from Equation (3) of marginal product of capital. AT, LT and 
KT are further used to calculate the initial value of YT, which combined with the ratios q and 
YT/qYN to calculate the initial YN. The initial KN and LN can then be backed out from Equation 
(3), and the initial AN can be backed out from the production function. 

For foreign country, we simply treat all manufacturing goods  as tradables and others 
non-tradables due to data limitations. among variables {LT*, LN*, q*, 𝐴𝐴𝑇𝑇∗ , 𝐴𝐴𝑁𝑁∗ , KT*, KN*, YT*, 
YN*, CT*, CN*, I*}, We assume the initial q* =1, and the initial productivity 𝐴𝐴𝑇𝑇∗ =𝐴𝐴𝑁𝑁∗ =1.     
From the World Bank data, we estimate the domestic-to-foreign output ratio Y/Y* = 0.13, the 
foreign tradable-to-output ratio YT*/Y* = 0.61. The foreign consumption-to-output ratio 
CT*/YT* = 0.63. Given Y=YT+qYN, we can estimate the initial output Y*, YT* and CT*. The 
initial YN* or CN* can be calculated as (Y*- YT). Using intratemporal Equations (25)-(26), we 
can obtain CT*. Similar to home country, we can back out initial KT* and KN* by using Equation 
(20) of marginal product of capital, so the initial LN* and LT*. The initial I* can then be backed 
out from the current account identity of Equation (37).               

        
5. Simulation results 
In this section, we conduct a simulation staring from 2015 up to 2030, a period in line with 
government proposal for domestic structural transformation. 10  The required productivity 
growth in the non-tradable sector and interest rate dynamics are quantified, and the impact of 
demographic changes on interest rates and the contribution of interest rates to output and 
inflation are analysed. 

We investigate two scenarios for structural transformation. In one scenario, excess labour 
force in the tradable sector is incurred by shrinkage of external demand followed by a reduction 
in domestic investment, which we call the investment shock scenario. In the second scenario, 

                                                 
2010 for 33 economies.      
10 See Zhao (2011) and State Council (2016) for their projects on China’s structural evolution and demographic 
development. Recent projections for economic and social development by Chinese government have been rolled 
over to 2035 or even to 2050.    
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excess labour force in the tradable sector is incurred by efficiency improvements in the sector, 
for example automation technology, which we call the efficiency change scenario. In the initial 
investment shock scenario, �̂�𝐴𝑇𝑇 in Equations (45) and (49) is simply zero, while in the initial 
efficiency change scenario, the initial shock �̂�𝐴𝑇𝑇 > 0 in that two equations, which affects other 
variables in dynamics.  

 
5.1. Productivity increments in the non-tradable sector    
Figure 1 shows the magnitude of productivity increment �̂�𝐴𝑁𝑁 required to absorb excess labour 
force under the initial investment shock scenario. The includes two lines, one without 
demographic transition, the other with demographic transition. Under this scenario, the 
required �̂�𝐴𝑁𝑁 starts from 0.55 percentage points and declines linearly to 0.34 percentage points 
at the end. When demographic transition is considered, the labour force moving to the non-
tradable sector “naturally” decreases, so the required �̂�𝐴𝑁𝑁 . The required �̂�𝐴𝑁𝑁  becomes 0.45 
percentage points in the beginning, and closes to zero in the 14th period. The demographic 
adjustment therefore reduces the required �̂�𝐴𝑁𝑁  for 0.1-0.4 percentage points to maintain 
employment stability. In the last two periods, the layoffs from the tradable sector are essentially 
offset by employment retirement.  
 As for the initial efficiency change scenario, we assume there is technological spillover 
from the tradable sector to the non-tradable sector, i.e., initial AT shocks is accompanied by 
initial AN gains, so that the job loss in the non-tradable sector incurred by initial AT shocks will 
be offset by hires brought by initial AN gains. The excess labour force is still the job loss in the 
tradable sector, the same as under the initial investment shock scenario. Figure 2 shows the 
magnitude of productivity increment �̂�𝐴𝑁𝑁  required to absorb excess labour force under the 
initial productivity shock scenario. The shape of �̂�𝐴𝑁𝑁 lines under this scenario is similar to that 
under the initial investment shock scenario, while the magnitude of the required �̂�𝐴𝑁𝑁 especially 
without demographic transition is lower than that under the initial investment shock. 11 
Excluding the spillover effect of the initial AT shocks, the required �̂�𝐴𝑁𝑁 increments under this 
scenario being less than under the initial investment shocks can be explained by �̂�𝑟 the change 
in interest rates, according to Equation (49).                
   
         

Figure 1: �̂�𝐴𝑁𝑁  under the initial 
investment shock scenario  

Figure 2: �̂�𝐴𝑁𝑁 under the initial 
efficiency change scenario 

                                                 
11 Based on calibrated parameters, the coefficient of �̂�𝐴𝑇𝑇 in Equation (50) is positive, which means in total the 
�̂�𝐴𝑁𝑁 increments under the initial productivity shock scenario is larger than under the initial investment shock 
scenario. According to our assumption, part of the �̂�𝐴𝑁𝑁 increments is the spillover effect of the initial AT shocks 
that is not counted in the required �̂�𝐴𝑁𝑁 increments to absorb excess labour force migrated from the tradable 
sector.       
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Source: Author’s estimates Source: Author’s estimates 

 
 
5.2. Interest rates and the current account under structural transformation  
As shown in Figures 3-4, the real interest rate is downward trending under the initial investment 
shock scenario, while it is upward trending under the initial efficiency change scenario. The 
difference of the two lies in the initial productivity shocks in the tradable sector. As discussed 
in Section 3.4, the labour force transfer tends to lower the interest rate, while AT shocks tend to 
push up the interest rate. Under the initial investment shock scenario, there is no AT shocks, 
therefore the interest rate is downward trending. Under the initial efficiency change, the effect 
of AT shocks dominates that of labour force transfer, causing the interest rate to rise over time.  
However, both effects are small given large denominator in Equation (45) according to our 
calibration.12 In fact, the real interest rate declines only around 1-2 basis points in the whole 
transition period under the initial investment shock scenario, and rise by 7-8 basis points under 
the initial efficiency change scenario.  

We observe from Figures 3-4 that demographic transition causes the global interest rate 
to fall. We calculate the two interest rates in levels each period under each scenario assuming 
the initial level is 3%, the difference between which is the effect of demographic transition. 
The results in Table 1 show that the interest rate falls by only 5-6 basis points in total under 
both scenarios, suggesting the impact of aging in Chinese society on global interest rate is 
ignorable in magnitude up to 2030.13 

                                                 
12 The denominator 𝜓𝜓Ω

∗  in Equation (45) ranges from -601 to -447 under the initial investment shocks and from 
-448 to -442 under the initial efficiency change scenario, while 𝛼𝛼𝐾𝐾𝑁𝑁  and 𝛼𝛼𝐾𝐾𝑇𝑇  are less than 20 under both 
scenarios.       
13 The finding that aging has a trivial negative effect on interest rate differs from Han (2019), where aging could 

cause the real interest rate to rise. This should be related to different model settings. For example, here the real 

interest rate is the rate of return on capital conditional on stable employment without policy responses, while in 

Han (2019) it is the nominal policy or financial market rate deflated by CPI index. In the latter case when policy 
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Figure 3: Real interest rates under the 
initial investment shock scenario  

Figure 4: Real interest rates under the 
initial efficiency change scenario 

  

Source: Author’s estimates Source: Author’s estimates 
         
 
Table1: Demographic effects on interest rates (%)     

  Initial investment shocks    Initial efficiency changes 

Period r r0 r-r0  R r0 r-r0 

0 3.0 3.0   3.0 3.0   

1 2.998 2.998 0.000  3.004 3.004 0.000  

2 2.996 2.996 -0.001  3.007 3.008 -0.001  

3 2.994 2.995 -0.001  3.011 3.012 -0.001  

4 2.992 2.993 -0.001  3.015 3.016 -0.001  

5 2.991 2.992 -0.002  3.019 3.021 -0.002  

6 2.989 2.991 -0.002  3.023 3.025 -0.002  

7 2.988 2.990 -0.002  3.028 3.030 -0.002  

8 2.987 2.990 -0.003  3.033 3.035 -0.003  

9 2.986 2.989 -0.003  3.037 3.041 -0.003  

10 2.985 2.989 -0.004  3.042 3.047 -0.004  

11 2.985 2.989 -0.004  3.048 3.053 -0.005  

12 2.984 2.989 -0.005  3.053 3.059 -0.006  

13 2.983 2.989 -0.006  3.058 3.066 -0.008  

                                                 
or financial market rates do not respond enough to a price fall in an aging environment, the defined real interest 

rate would increase.    
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14 2.982 2.990 -0.008  3.063 3.073 -0.009  

15 2.981 2.991 -0.009  3.068 3.080 -0.012  

Note: r denotes the interest rate with demographic changes, r0 denotes the rate without demographic 

Changes, r-r0 is the demographic effects on interest rates.    

 
 
 As shown in the model, structural dynamics is through the change in the current account 
net of debt payment. Under the initial investment shock scenario, the change in home current 
account net of debt payment relative to home tradables stays in the negative territory for most 
of the period even with demographic transition (Figure 5). On the other hand, under the initial 
efficiency change scenario, the lines of the change in the current account relative to home 
tradables shift up significantly, and their time span of negativity become much shorter (Figure 
6), which also helps to explain the different trends of real interest rates under two scenarios 
from another angle.   
 
 

Figure 5: Changes in home current 
account relative to home tradables 
under the initial investment shock 
scenario  

Figure 6: Changes in home current 
account relative to home tradables 
under the initial efficiency change 
scenario 

  
Source: Author’s estimates Source: Author’s estimates 

 
 
 
5.3. Output and real exchange rate under structural transformation  
Under either scenario we can decompose output growth and exchange rate movements into 
contributions of initial productivity shocks, labour reallocation and demographic changes. The 
varying interest rates add one more dimension to output and the real exchange profiles. 
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Remember that, output growth in period t can be expressed as a weighted average of tradable 
and non-tradable output growth, i.e., 𝑌𝑌�𝑡𝑡 = 𝑥𝑥�𝑞𝑞�𝑡𝑡 + 𝑌𝑌�𝑁𝑁,𝑡𝑡� + (1 − 𝑥𝑥)𝑌𝑌�𝑇𝑇,𝑡𝑡  with 𝑥𝑥 =

𝑞𝑞𝑡𝑡−1𝑌𝑌𝑁𝑁,𝑡𝑡−1
𝑌𝑌𝑇𝑇,𝑡𝑡−1+𝑞𝑞𝑡𝑡−1𝑌𝑌𝑁𝑁,𝑡𝑡−1

 being the weight for the non-tradable goods. According to the model, sectoral 

output can be written as  

 𝑌𝑌�𝑇𝑇,𝑡𝑡 = 𝐿𝐿�𝑇𝑇,𝑡𝑡 + 𝐴𝐴�𝑇𝑇,𝑡𝑡
𝑠𝑠𝑇𝑇
− (1 − 𝑠𝑠𝑇𝑇) �̂�𝑟𝑡𝑡

𝑠𝑠𝑇𝑇
,                            (51) 

and  

      𝑞𝑞�𝑡𝑡 + 𝑌𝑌�𝑁𝑁,𝑡𝑡 = 𝐿𝐿�𝑁𝑁,𝑡𝑡 + 𝐴𝐴�𝑇𝑇,𝑡𝑡
𝑠𝑠𝑇𝑇
− (1 − 𝑠𝑠𝑇𝑇) �̂�𝑟𝑡𝑡

𝑆𝑆𝑇𝑇
                         (52) 

so that the total output14 

 𝑌𝑌�𝑡𝑡 = 𝐿𝐿�𝑇𝑇,𝑡𝑡 + 𝑥𝑥(1+𝜆𝜆𝑡𝑡−1)
𝜃𝜃𝑁𝑁,𝑡𝑡−1+𝜆𝜆𝑡𝑡−1

(𝜆𝜆𝑡𝑡 − 𝐿𝐿�𝑇𝑇,𝑡𝑡) + 𝐴𝐴�𝑇𝑇,𝑡𝑡
𝑠𝑠𝑇𝑇
− (1 − 𝑠𝑠𝑇𝑇) �̂�𝑟𝑡𝑡

𝑆𝑆𝑇𝑇
           (53) 

where 𝜆𝜆 is the rate of demographic changes. Let 𝑌𝑌�𝑡𝑡𝑜𝑜 denote the output growth without 
demographic changes. Since 𝐿𝐿�𝑇𝑇, �̂�𝐴𝑇𝑇 and 𝜃𝜃𝑁𝑁 are not affected by demographic changes, we 
can infer from Equation (53) that, 

𝑌𝑌�𝑡𝑡𝑜𝑜 = 𝑌𝑌�𝑡𝑡|(𝜆𝜆𝑡𝑡 = 0, �̂�𝑟𝑡𝑡 = �̂�𝑟𝑡𝑡𝑜𝑜 ,𝑥𝑥 = 𝑥𝑥𝑜𝑜) = �(1− 𝑥𝑥𝑜𝑜

𝜃𝜃𝑁𝑁,𝑡𝑡−1
)𝐿𝐿�𝑇𝑇,𝑡𝑡 − (1 − 𝑠𝑠𝑇𝑇) �̂�𝑟𝑡𝑡

𝑜𝑜

𝑆𝑆𝑇𝑇
� +𝐴𝐴�𝑇𝑇,𝑡𝑡

𝑠𝑠𝑇𝑇
,   (54) 

where 𝑥𝑥𝑜𝑜 is the weight for the non-tradable goods in the absence of demographic changes, 
and �̂�𝑟𝑡𝑡𝑜𝑜 is the interest rate change in the absence of demographic changes. The term in the 
square bracket of Equation (54) can be treated as the contribution of labour reallocation to 
output growth, which could further be decomposed into the contribution of interest rates 

without demographic changes (i.e., −(1 − 𝑠𝑠𝑇𝑇) �̂�𝑟𝑡𝑡
𝑜𝑜

𝑆𝑆𝑇𝑇
) and the contribution of pure labour transfer 

(i.e., 𝜃𝜃𝑁𝑁,𝑡𝑡−1−𝑥𝑥
𝑜𝑜

𝜃𝜃𝑁𝑁,𝑡𝑡−1
𝐿𝐿�𝑇𝑇,𝑡𝑡); The term 𝐴𝐴�𝑇𝑇,𝑡𝑡

𝑠𝑠𝑇𝑇
 represents the contribution of initial efficiency changes, 

which is zero under the initial investment shock scenario.15 The contribution of demographic 
changes is therefore measured by 

    𝑌𝑌�𝑡𝑡- 𝑌𝑌�𝑡𝑡𝑜𝑜= 𝑥𝑥(1+𝜆𝜆𝑡𝑡−1)
𝜃𝜃𝑁𝑁,𝑡𝑡−1+𝜆𝜆𝑡𝑡−1

𝜆𝜆𝑡𝑡 + [ 𝑥𝑥(1+𝜆𝜆𝑡𝑡−1)
𝜃𝜃𝑁𝑁,𝑡𝑡−1+𝜆𝜆𝑡𝑡−1

− 𝑥𝑥𝑜𝑜

𝜃𝜃𝑁𝑁,𝑡𝑡−1
](−𝐿𝐿�𝑇𝑇,𝑡𝑡) − (1 − 𝑠𝑠𝑇𝑇) ��̂�𝑟𝑡𝑡

𝑆𝑆𝑇𝑇
− �̂�𝑟𝑡𝑡

𝑜𝑜

𝑆𝑆𝑇𝑇
�.   (55) 

According to the previous analysis (see Table 1), �̂�𝑟𝑡𝑡 − �̂�𝑟𝑡𝑡𝑜𝑜 the interest rate change incurred by 
demographic changes is much smaller than �̂�𝑟𝑡𝑡𝑜𝑜, which means the output effect of interest rate 

                                                 
14  Combining 𝑌𝑌�𝑇𝑇,𝑡𝑡 and 𝑌𝑌�𝑁𝑁,𝑡𝑡 in Equations (51)-(52) with 𝑌𝑌�𝑡𝑡 = 𝑥𝑥�𝑞𝑞�𝑡𝑡 + 𝑌𝑌�𝑁𝑁,𝑡𝑡� + (1 − 𝑥𝑥)𝑌𝑌�𝑇𝑇,𝑡𝑡  yields 𝑌𝑌�𝑡𝑡 = [𝐿𝐿� 𝑁𝑁,𝑡𝑡 +
(1 − 𝑥𝑥)(𝐿𝐿�𝑇𝑇,𝑡𝑡 − 𝐿𝐿�𝑁𝑁,𝑡𝑡)] + 𝐴𝐴�𝑇𝑇,𝑡𝑡

𝑠𝑠𝑇𝑇
+ (1 − 1

𝑠𝑠𝑇𝑇
 ) �̂�𝑟𝑡𝑡

𝑆𝑆𝑇𝑇
 . Using Equations (47)-(48) to substitute away 𝐿𝐿�𝑁𝑁,𝑡𝑡  (and 𝜃𝜃�𝑁𝑁 ) gives 

rise to Equation (53).    
15 Part of the interest rate change is incurred by �̂�𝐴𝑇𝑇 under the initial efficiency change scenario, as shown in 
Equation (45). Nevertheless, we ascribe −(1 − 𝑠𝑠𝑇𝑇) �̂�𝑟𝑡𝑡

𝑜𝑜

𝑆𝑆𝑇𝑇
  to labour reallocation for  simplicity, which does not 

affect our analysis.    
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largely falls into labour reallocation component −(1 − 𝑠𝑠𝑇𝑇) �̂�𝑟𝑡𝑡
𝑜𝑜

𝑆𝑆𝑇𝑇
, and the contribution of 

demographic changes mainly come from the first two terms in Equation (55).    
Figures 7-8 show each component’s contribution to output growth. As mentioned, we 

separate the contribution of labour reallocation into that of pure labour transfer and that of 
interest rate variation incurred by labour reallocation, whereas the contribution of demographic 
changes remains undecomposed due to a small contribution of interest rates within this 
category. 

The pure labour transfer appears to have a negative contribution to output growth under 
either scenario as stated by Equation (54), while the contribution of interest rates within labour 
reallocation category depends on its movement. 16As shown in Figures 3-4, the interest rate 
change �̂�𝑟𝑡𝑡𝑜𝑜  < 0 in the first 11 periods under the initial investment scenario, so that it has 
positive contributions to output growth in these periods;17 Under the initial efficiency change 
scenario, �̂�𝑟𝑡𝑡𝑜𝑜 > 0 in the whole transition process, so that it has negative contributions to output 
growth over time. However, the output effect of interest rates is much smaller than the effect 
of pure labour transfer.      

Measured by Equation (55), aging has negative effect on output under both scenarios, 
which becomes more significant in later periods when aging is relatively severe, where the 
magnitude of its effect is comparable to that of labour transfer. Nevertheless, output effect of 
both labour transfer and aging is dominated by the effect of productivity shocks under the initial 
efficiency change scenario. Productivity gains in the tradable sector offset the negative effects 
of labour transfer, interest rate variation and aging, leading to a significant positive output 
growth.   

 
          

Figure 7: Output growth under the 
initial investment shock scenario 

Figure 8: Output growth under the 
initial efficiency change scenario 

                                                 
16 Whether labour transfer has positive or negative effects on total output  therefore depends on 𝑥𝑥𝑜𝑜 the share 
of non-tradables in the total output. Intuitively, labour transfer incurred by �̂�𝐴𝑁𝑁 increments raises output of non-
tradables. However, the output shrinkage in the tradable sector would partly offsets the output effect of �̂�𝐴𝑁𝑁 
increments in the non-tradable sector. When 𝑥𝑥𝑜𝑜 is not large enough, the total output gains will be relatively small 
(under the initial efficiency change scenario) or even negative (under the initial investment shock scenario), 
leading to negative contributions of labour transfer.                
17 The negative contributions after 11th period are too small to be visible in the figure.  



22 
 

  

Source: Author’s estimates Source: Author’s estimates 
 
  

Domestic relative prices with varying interest rates and demographic changes are 
presented in Figures 9-10. The prices behave very similar between the two scenarios. However, 
the negativity of relative price changes is bigger under the initial efficiency change scenario 
due to spillovers of initial AT shocks to the non-tradable sector. On the other hand, the interest 
rate changes very slightly, so does foreign relative price changes according to Equation (23). 
The real exchange rate movement is therefore determined almost exclusively by domestic 
relative price changes. Let 𝜀𝜀 denote the real exchange rate. According to Equations (18) and 
(31), the real exchange rate movement is defined as 𝜀𝜀̂ = 𝛾𝛾𝑞𝑞𝑞𝑞� − 𝛾𝛾𝑞𝑞∗𝑞𝑞�∗ . It follows that the 
contribution of demographic changes can be expressed as  
       𝜀𝜀̂ − 𝜀𝜀o  = (𝛾𝛾𝑞𝑞𝑞𝑞� − 𝛾𝛾𝑞𝑞∗𝑞𝑞�∗) – (𝛾𝛾𝑞𝑞𝑜𝑜𝑞𝑞�𝑜𝑜-𝛾𝛾𝑞𝑞∗𝑜𝑜𝑞𝑞�∗𝑜𝑜),               (56) 
where the superscript o denotes variables without demographic changes. Similar to output 
growth, 𝜀𝜀o can further be decomposed into contributions of efficiency changes, labour transfer 
and interest rate movements. By using Equations (6) and(23), we obtain that 

     𝜀𝜀0 = 𝛾𝛾𝑞𝑞0
𝑠𝑠𝑁𝑁
𝑠𝑠𝑇𝑇
�̂�𝐴𝑇𝑇 − 𝛾𝛾𝑞𝑞0�̂�𝐴𝑁𝑁 + �𝛾𝛾𝑞𝑞0 �1 − 𝑠𝑠𝑁𝑁

𝑠𝑠𝑇𝑇
� + 𝛾𝛾𝑞𝑞∗0 �1 − 𝑠𝑠𝑁𝑁

∗

𝑠𝑠𝑇𝑇
∗ �� �̂�𝑟0,   (57)  

 where the contribution of initial efficiency changes is simply 𝛾𝛾𝑞𝑞0
𝑠𝑠𝑁𝑁
𝑠𝑠𝑇𝑇
�̂�𝐴𝑇𝑇, which is zero under 

the initial investment shock scenario. As employment stability is accomplished by productivity 
increments in the nontradable sector, we treat −𝛾𝛾𝑞𝑞0�̂�𝐴𝑁𝑁  as the contribution of pure labour 
transfer for convenience.18 The last term in Equation (57) is the contribution of interest rate. 
Figures 11-12 show the decomposition results for the real exchange rate. It is depreciated under 
both scenarios, and depreciated more under the initial efficiency change scenario, which is 
consistent with domestic relative price movements. The contribution of interest rates on 
exchange rate movement is ignorable under both scenarios. While pure labour transfer leads to 

                                                 
18 Although Equations (48)-(49) show �̂�𝐴𝑁𝑁 is a function of �̂�𝐴𝑇𝑇 and interest rates, or of �̂�𝐴𝑇𝑇 and labour 
transfer, they are ex-post expressions following initial shocks. Therefore, we do not decompose factor 
contributions according to these equations.     
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real depreciation, the demographic changes cause the exchange rate to appreciate under both 
scenarios. Efficiency changes leads to real appreciation, opposite to the effect of pure labour 
transfer, as predicted by Balassa-Samuelson theorem. 
             

Figure 9: Domestic relative price  
changes under the initial investment 
shock scenario 

Figure 10: Domestic relative price 
changes under the initial efficiency 
change scenario 

  
Source: Author’s estimates Source: Author’s estimates 

 
 
           

Figure 11: Real exchange rate under 
the initial investment shock scenario 

Figure 12: Real exchange rate under 
the initial efficiency change scenario 

  

Source: Author’s estimates Source: Author’s estimates 
 
 
5.4. Effects of domestic structural transformation on foreign economy 
China’s economic transition affects the world economy. Figures 13-14 show foreign output in 
response to domestic transitions. Under the initial investment shock scenario, the effect is 
relatively small in magnitude. As interest rates fall (in most periods), employment in the non-
tradable sector decreases while employment in the tradable sector increases, according to 
Equations (42)-(43); The falling interest rates induce investment and hence increases total 



24 
 

output (in these periods). However, foreign welfare doesn’t increase, as consumption falls, and 
it runs the current account deficit.    

Under the initial efficiency change scenario, employment in the non-tradable sector rises 
while employment in the tradable sector falls due to rising interest rates, according to Equations 
(42)-(43). For the same reason, capital intensity in both sectors falls. As a result, non-tradable 
output increases slightly, while tradable output decreases, leading to a fall in total output. 
However, foreign welfare doesn’t fall, as consumption edges up and it runs the current account 
surplus.19  
  The gap between two lines in Figures 13 and 14 represents the effect of domestic 
demographic transition on foreign output. It shows that domestic aging induces foreign output 
gains under the initial investment scenario, and mitigates foreign output loss under the initial 
efficiency change scenario. The reason behind partly lies in the effect of interest rates on 
foreign investment. As discussed earlier, demographic changes make interest rate to fall, which 
means foreign investment increases more under the initial investment scenario and decreases 
less under the initial efficiency change scenario. The magnitude of the effect of aging on foreign 
output is similar in each of the scenarios, with the maximum effect around 0.05 percentage 
points, still small. 
 

 
 
6. Employment stability and monopolistic competition: further comments 

                                                 
19 The key to this result is that, disinvestment is tradable and consumable in the model, so that there is no 
waste of tradables when disinvestment happens.             

Figure 13: Foreign output growth  under 
the initial investment shock scenario 

Figure 14: Foreign output growth under 
the initial efficiency change scenario 

  
Source: Author’s estimates Source: Author’s estimates 
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In the baseline model, we derive the employment stability condition by assuming competitive 
domestic market with zero markups for firms and labour suppliers. Nevertheless, such an 
exploration is compatible with a setting of monopolistic competition in domestic labour and 
product markets in certain circumstance in the sense that, the labour demand function (and 
hence the employment stability condition) under the monopolistically competitive market is 
approximately equivalent to that in our baseline model.20 To check this, we augment the labour 
supply 𝐿𝐿𝑡𝑡 (with preference shifter to be unity) into the instantaneous utility function following 
Gali (2008), such that 

      𝑢𝑢(𝐶𝐶𝑡𝑡, 𝐿𝐿𝑡𝑡) = 𝐶𝐶𝑡𝑡
1−𝜃𝜃�

1−𝜃𝜃�
− 𝐿𝐿𝑡𝑡

1+𝜓𝜓

1+𝜓𝜓
                                  (58)  

In a monopolistically competitive labour market, the optimal conditions with respect to 
𝐶𝐶𝑡𝑡 and 𝐿𝐿𝑡𝑡 subject to the same intertemporal budget constraint of Equation (10) lead to a 
wage markup 𝑀𝑀𝑡𝑡

𝑤𝑤 such that 

 𝑀𝑀𝑡𝑡
𝑤𝑤 =

𝑊𝑊𝑡𝑡
𝑃𝑃𝑡𝑡

𝐶𝐶𝑡𝑡
𝜃𝜃�𝐿𝐿𝑡𝑡

𝜓𝜓                                            (59) 

where 𝑃𝑃𝑡𝑡 is the price index. Meanwhile, the optimal condition in the non-tradable good 
market gives rise to a price markup 𝑀𝑀𝑡𝑡

𝑁𝑁 such that  

     𝑀𝑀𝑡𝑡
𝑁𝑁 = 𝑞𝑞𝑡𝑡

𝑊𝑊𝑡𝑡
�𝑠𝑠𝑁𝑁𝑌𝑌𝑁𝑁𝑡𝑡𝐿𝐿𝑁𝑁𝑡𝑡

� =𝑠𝑠𝑁𝑁𝑃𝑃𝑁𝑁𝑡𝑡𝑌𝑌𝑁𝑁𝑡𝑡
𝑊𝑊𝑡𝑡𝐿𝐿𝑁𝑁𝑡𝑡

                                (60)  

By taking log-difference and putting the two markups together, we obtain that 
     𝑀𝑀�𝑡𝑡𝑊𝑊 + 𝑀𝑀�𝑡𝑡𝑁𝑁 = �𝑞𝑞�𝑡𝑡 − 𝑃𝑃�𝑡𝑡� + �𝑌𝑌�𝑁𝑁𝑡𝑡 − 𝜃𝜃��̂�𝐶𝑡𝑡� − �𝐿𝐿�𝑁𝑁𝑡𝑡 + 𝜓𝜓𝐿𝐿�𝑡𝑡�         (61)   
By definition (regardless market structure), 𝑌𝑌�𝑁𝑁𝑡𝑡  = �̂�𝐶𝑁𝑁𝑡𝑡 , �̂�𝐶𝑁𝑁𝑡𝑡 = −𝜃𝜃�𝑞𝑞�𝑡𝑡 − 𝑃𝑃�𝑡𝑡� + �̂�𝐶𝑡𝑡 , and 
�𝑞𝑞�𝑡𝑡 − 𝑃𝑃�𝑡𝑡� ≈ 𝛾𝛾𝑞𝑞�𝑡𝑡  in the first-order approximation. In addition, the linear approximation for 
�̂�𝐶𝑁𝑁𝑡𝑡  in terms of expenditure (i.e., Equation (17) that is also unrelated to market structure)  
around q=1 shows �̂�𝐶𝑁𝑁𝑡𝑡 ≈ �̂�𝑍 − (𝛾𝛾𝜃𝜃 − 𝛾𝛾 + 1)𝑞𝑞�𝑡𝑡, so Equation (61) can further be written as   
       𝑀𝑀�𝑡𝑡𝑊𝑊 +  𝑀𝑀�𝑡𝑡𝑁𝑁 ≈ �1 − 𝜃𝜃���̂�𝑍 + �𝛾𝛾(1 − 𝜃𝜃) − (1 − 𝛾𝛾)�1 − 𝜃𝜃���𝑞𝑞�𝑡𝑡  − �𝐿𝐿�𝑁𝑁𝑡𝑡 + 𝜓𝜓𝐿𝐿�𝑡𝑡�   (62)  
Following Rotemberg and Woodford (1999) and Gali (2010), when labour income share (in 
the nontradable sector) sN is constant, the price markup is constant, so that   

  𝑀𝑀�𝑡𝑡𝑁𝑁 = 0.                                                (63)  
In addition, the log difference of wage markup of Equation (59) can be rewritten as 
      𝑀𝑀�𝑡𝑡𝑊𝑊=[(𝑤𝑤�𝑡𝑡 − �̂�𝑝𝑡𝑡) − (𝜃𝜃��̂�𝐶𝑡𝑡 + 𝜓𝜓𝐿𝐿��𝑡𝑡)] + 𝜓𝜓(𝐿𝐿��𝑡𝑡−𝐿𝐿�𝑡𝑡),                 (64) 
where the first term in the bracket is the wage markup in an efficient market with full 
employment 𝐿𝐿�𝑡𝑡, which is simply zero. Therefore  

  𝑀𝑀�𝑡𝑡𝑊𝑊= 𝜓𝜓(𝐿𝐿��𝑡𝑡−𝐿𝐿�𝑡𝑡) = −𝜓𝜓𝐿𝐿�𝑡𝑡 .                                  (65)   
Substituting 𝑀𝑀�𝑡𝑡𝑁𝑁 and 𝑀𝑀�𝑡𝑡𝑊𝑊 in Equations (63) and (65) into Equation (62) yields  
      𝐿𝐿�𝑁𝑁𝑡𝑡 = �1 − 𝜃𝜃���̂�𝑍 + �𝛾𝛾(1 − 𝜃𝜃) − (1 − 𝛾𝛾)�1 − 𝜃𝜃���𝑞𝑞�𝑡𝑡              (66) 

                                                 
20 Here labour market imperfection refers to bargaining powers of employees, rather than labour switching 
costs. 
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When 𝜃𝜃� = 1 (i.e., Ct is in a logarithmic form in the utility function), 
      𝐿𝐿�𝑁𝑁𝑡𝑡 = 𝛾𝛾(1 − 𝜃𝜃)𝑞𝑞�𝑡𝑡                                         (67)    
Equation (67) is the optimal labour demand function under monopolistic competition with 
logarithmic utility function.  

On the other hand, by using Equations (2), (5)-(7), (17) and (33), the labour demand in 
our baseline model can be expressed as 

𝐿𝐿�𝑁𝑁𝑡𝑡 = �̂�𝑍 + 𝛾𝛾(1 − 𝜃𝜃)𝑞𝑞�𝑡𝑡 − 𝑤𝑤�                                   (68)  
When wage income dominates financial income, a sustainable consumption path implies that 
�̂�𝑍 ≈ 𝑤𝑤� , then 𝐿𝐿�𝑁𝑁𝑡𝑡  in Equation (68) converges to that in Equation (67), suggesting the two 
labour demand functions are approximately equivalent to each other.21 It follows that, the 
employment stability conditions are approximately equivalent as well under the two types of 
market structure in this circumstance.  
 
7. Concluding remarks 
 This paper studies the theoretical implications of structural transformation and 
demographic transition in Mainland China for the world interest rates and the domestic and 
foreign economies. The economic transition, marked by smooth sectoral labour transfer and 
demographic changes, affects the world interest rates and other variables through the balance 
of payment channel. We examine two scenarios, one is the initial investment shock scenario 
when transition is triggered by adverse (investment) demand shocks, the other the initial 
efficiency change scenario when transition is triggered by product efficiency improvement. 
Home runs current account surplus under the initial investment scenario and current account 
deficit under the initial efficiency change scenario. Correspondingly, the world interest rate 
falls when transition under the initial investment shock scenario, and rises under the initial 
efficiency change scenario. Contrarily, domestic output declines under the initial investment 
shock scenario, and increases under the initial efficiency change scenario. Domestic relative 
price falls under both scenarios, and it falls more under the initial efficiency change scenario. 
Under these circumstances, the real exchange rate depreciates as foreign relative price changes 
little. Foreign output increases under the initial investment shock scenario and decreases under 
the initial efficiency change scenario. However, the percentage changes of output are much 
smaller than domestic ones. 

Our model also predicts that the interest rate has a visible impact on domestic output 
especially under the initial efficiency change scenario, while its impact on the real exchange 
rate is negligible. Compared to the interest rate, demographic changes have more significant 
effects on output and the real exchange rate. In general, aging causes domestic output to fall, 

                                                 
21 When the current account and investment are both zero at the steady state, or when they move in lockstep, 
expenditure Z consists of wage income WL and wealth earnings rQ = r(K+B). If labour income dominates and 
labour (or demography) changes little, �̂�𝑍 ≈ 𝑤𝑤� .    
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and its impact increases when aging becomes severe over time. According to our calibrated 
model, by 2030 aging could cause domestic output to decline by as much as 0.5 percentage 
points, almost the same magnitude as the contribution of pure labour transfer. On the other 
hand, aging leads to real appreciation in the sense that the supply of non-tradables associated 
with the required �̂�𝐴𝑁𝑁 increments to meet full employment becomes less with demographic 
adjustment.         
 It should be noted that, we only propose a model for the real side of the economy. If 
monetary factors are considered, some of our theoretical predictions might change due to policy 
responses by monetary authorities. Also, the model doesn’t consider the life of aging 
population after they drop out of labour force. We leave these issues for our future research. 22                           
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