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Chapter 1  

Introduction 

 

 

1.1. Introduction 

 

Recently, Chi (2015), a famous adviser of the State Council of China, published an article 

entitled ―Consumers Can Drive China’s Transformation to a High-Income Economy with 

Steady Growth‖. In this article, he points out that the huge demand of 1.3 billion 

consumers is China‘s biggest advantage. It will spur the economy at an annual growth 

rate of 7% in the next ten years. At the same time, it will also promote structural changes 

in the production processes. No doubt, household consumption plays a very important 

role in the Chinese economy. This thesis investigates the role of household consumption 

in several social-economic issues of the Chinese economy. This chapter briefly introduces 

the role of household consumption in the economy in general and in the Chinese 

economy in particular. 

 

1.2. The role of household consumption in the economy 

 

If a demand-driven perspective on economies is adopted, household consumption is an 

important driving force for production activities. Through inter-industry linkages, almost 

all industries are directly or indirectly involved in the production of a specific good or 

service before it is finally sold to consumers. If the household consumption of a specific 

good increases, production activities required for this good will increase. As a 

consequence, for each of the involved industries its gross output as well as its use of labor 

input will rise.  

At the same time, an increase in production activities also induces extra household 

consumption. Households provide the labor input of the industries for which they receive 
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labor income. Part of this labor income will be spent by households as consumption 

expenditures, buying the goods and services produced by the industries. Suppose that the 

gross outputs of industries are increased, for example, because of an expansion of the 

exports. As a consequence, extra labor inputs are required and the labor income of 

households is increased, which causes an increase in household consumption. This 

additional household consumption will induce another round of increases (in the gross 

outputs of industries, in labor income, and in household consumption), and so forth. The 

relationship between income and consumption (the industry-household linkages) yields 

the traditional Keynesian multiplier effect.  

Many demand-driven macroeconomic studies have recognized the importance of 

household consumption in the economy. For instance, when analyzing the effect of an 

increase in government spending on aggregate economic activity, the response of 

household consumption is a key determinant of the size of the total multiplier effect (Galí 

et al., 2007; Cogan et al., 2010). This is because household consumption is a major 

component of final demand (which also includes government expenditures, private 

investments, and gross exports). The role of household consumption has received more 

attention at the regional level than at the national level. This is because regional 

economies are usually more open than national economies, which increases the 

importance of industry-household linkages relative to inter-industry linkages within a 

region (Batey et al., 1993; Trigg and Madden, 1994).  

Household consumption also plays an important role at the industry level. The 

preferences of consumers determine which products need to be produced. The production 

processes of these products differ in terms of required intermediate inputs (distinguishing 

between domestically produced and imported inputs), required inputs of different types of 

labor, and other requirements. For instance, production in the agricultural industry uses 

less imports than production in the electronics industry (because the production process 

of electronics is highly fragmented across countries). The agricultural industry requires 

different types of worker (primarily agricultural workers) from the electronics industry 

(which requires many operatives). As a consequence, an increase in the demand for one 

product will cause different effects (both in terms of size, such as on GDP, and 

composition, such as different types of workers) than an equal increase in the demand for 
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another product. This implies that a change in the structure (or composition, or pattern) of 

the consumption bundle of households will cause changes in the GDP level and 

employment across occupations.  

In contrast, many macroeconomic studies focus only on aggregate household 

consumption and the structure of consumption is neglected. The underlying assumption 

of such analyses is that the composition of the consumption bundle does not change. 

However, empirical studies have shown that the shares of products in the consumption 

bundle change systematically with income (Deaton and Muellbauer, 1980). Foellmi 

(2005) further points out that many important macroeconomic problems (such as the 

relationship between inequality and growth) need to be rethought once the structure of 

consumption is taken into account.  

This thesis studies the role of household consumption in the Chinese economy from 

an industry level perspective. It aims to better understand—both methodologically and 

empirically—the role that household consumption plays in social and economic issues. 

The input-output technique (Miller and Blair, 2009) is employed for these industry level 

studies. First, because data are taken from input-output tables, which record deliveries 

from one industry to another and which therefore provide rich information at the industry 

level. Second, because input-output models take both direct and indirect linkages among 

industries into account, which is crucial when studying a national economy the 

production processes of which are clustered in industries.  

It should be stressed that there are at least two types of input-output models and 

they differ with respect to their treatment of household consumption. The first model is 

the traditional input-output model, in which the household consumption is treated as one 

of the exogenous final demand categories (next to e.g. government expenditures, gross 

fixed capital formation, and gross exports). Because final demands are determined 

exogenously, i.e. outside the model, it is also termed the open input-output model. The 

second model is the semi-closed input-output model, which is also termed the partially 

closed or extended input-output model (see Batey et al., 1987; Batey and Rose, 1990). In 

contrast to the open model, the semi-closed model additionally incorporates 

industry-household linkages that are based on the income-consumption relationship 

(where all or part of the labor income is spent on household consumption). Therefore, in 
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the semi-closed model household consumption is treated as an endogenous factor and is 

determined within the model. Because some final demand categories remain determined 

exogenously, the model is only semi-closed and not fully closed.
1
 In policy and impact 

analyses, when the effect of induced household consumption (i.e. due to the 

industry-household linkage) on the variable of interest is important, the semi-closed 

model is used (for examples, see Batey et al., 1993; Dietzenbacher and Günlük-Şenesen, 

2003; Yang et al., 2008; Hermannsson et al., 2014). 

 

1.3. Household consumption in the Chinese economy 

 

In the past two decades, China‘s household consumption experienced a period of fast 

growth. The real average annual growth rate of household consumption was 8.1% during 

1993-2012. However, China‘s household consumption growth rate is lower than its GDP 

growth rate in most of the years, as can be seen in Figure 1.1. The share of household 

consumption in GDP thus decreased from 44.4% in 1993 to 34.9% in 2010, whereas the 

share of investments in GDP reached 48.1% in 2010 (see Figure 1.2).
2
 The low 

consumption and high investment shares have induced one of China‘s severe 

macroeconomic imbalances. That is the so-called ―expenditure imbalance‖, which 

expresses the imbalance in the allocation of expenditures over investments and 

consumption (Knight and Wang, 2011). Due to the high investment expenditures (which 

were partly made possible by the high savings rate and thus went at the cost of 

                                                             
1
 Some researchers, like those working with dynamic input-output models (Leontief and Duchin, 1986; ten 

Raa, 1986; Miller and Blair, 2009), adopt the Keynesian accelerator-multiplier concept, which argues that 

investment demand is endogenous because higher output levels require larger capital stocks. This would 

leave exports and government consumption as exogenous drivers of growth. In a world input-output model, 

even exports are endogenous, because these consist of deliveries to consumers and investing firms abroad 

and of sales of intermediate inputs to foreign users. This line of reasoning led some scholars to introduce 

the closed model (Leontief, 1951; Miller and Blair, 2009) although it is rarely used in empirical analyses.  

2
 Figures are given for 2010 because this was the last year of the eleventh five-year plan and policies 

changed with the next five-year plan. 
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consumption), China has rapidly accumulated capital. 
3
In its turn, this caused serious 

problems in terms of excess capacity in China (Han et al. 2011; Perkins, 2012). Excess 

capacity may cause deflation, decreasing enterprise revenues, increasing bad assets of 

banks, and finally harm economic growth. In addition, the high savings rate supports 

China‘s relatively large and positive net export share (see Figure 1.2). This is another 

macroeconomic imbalance, namely the ―external imbalance‖ (Knight and Wang, 2011). 

The external imbalance results in a huge foreign exchange reserve, which may cause 

problems for China‘s monetary and stabilization policies.  

 

Figure 1.1 The real growth rate of China’s household consumption and GDP 

(1993-2012) 

 

  
Data source: NBS (various years) 

                                                             
3
 China‘s household saving rate increased from 15% in 1990 to 27% in 2009.  Such a high saving rate 

makes Chinese households an international outlier (Knight and Wang, 2011). At the same time, also inward 

FDI and government investments have played a role. 
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Figure 1.2 The components of GDP in China (1993-2012), in current prices 

 
Notes: (1) Data source: NBS (various years); (2) Investments = Gross fixed capital formation + Changes in 

inventories; (3) GDP = Household consumption + Government consumption + Investments + Net exports. 

 

The macroeconomic imbalances have also attracted the attention of the Chinese 

government. Increasing the share of household consumption in GDP was even included 

in China‘s twelfth five-year plan (2011-2015) as one of the important tasks of the Chinese 

government. The government planned to improve the income distribution and to reform 

both the social security system and the pension system. As Figure 1.1 shows, the 

household consumption growth rate started to exceed the GDP growth rate right from the 

start of the twelfth five-year plan. Household consumption grew 1.0 and 1.7 percentage 

points more than GDP in 2011 and 2012, respectively. As a consequence, the share of 

household consumption in GDP increased from 34.9% in 2010 to 36.0% in 2012. The 

role of household consumption is thus becoming more important in the Chinese economy.  

Also the structure of China‘s household consumption has experienced significant 

changes in the past two decades. As Figure 1.3 shows, the improvement of Chinese living 

standards led to a large shift in the consumption pattern. The share of food in total 

household consumption decreased substantially, while the shares of transport and 

communication, health care and medical services, and education, cultural and 

recreational services increased significantly.   
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Figure 1.3 The structure of China’s household consumption (1993-2012, in prices of 

1993) 

 

 

Data source: China Statistical Year Book (NBS, various years) 

 

The changing structure of China‘s household consumption is expected to continue in the 

future. On the one hand, although China‘s high economic growth slowed down in recent 

years, many researchers expect China to experience a relatively high growth rate in the 

next two decades (e.g. according to the projection of Li et al. 2011, China‘s average GDP 

growth rate will be 6.8% during 2011-2030). The living standard of Chinese people will 

therefore also keep growing and induce further changes in the structure of China‘s 

household consumption. On the other hand, China will experience substantial 

demographic changes. First, China is expected to experience a rapid ageing process 

because of its low fertility rate, the ageing of the large baby boom generation of people 

born in the 1960s, and the improvement of mortality rates. Second, China‘s rapid 

urbanization trend is expected to continue in the future, given China‘s industrialization 

process. The share of urban population in China‘s total population will increase 

substantially. Empirical studies have shown that consumption behavior varies over 

households with different demographic characteristics (Deaton and Muellbauer, 1980). 

Therefore, the substantial demographic changes that are foreseen for China in the future 
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consumption structure.  

 

1.4. Outline of the thesis 

 

This thesis aims at investigating the role of household consumption for important social 

and economic issues in China‘s past and future. In so doing, it attempts to contribute both 

methodologically and empirically. 

Chapter 2 compares the differences between a structural decomposition analysis 

(SDA) of the open and the semi-closed input-output model. The findings may have 

consequences for the choice between the open or the semi-closed model when applying 

SDA. SDA is a technique to decompose the change over time in a variable of interest into 

the effects of changes in its constituent factors (see Rose and Casler, 1996, or Miller and 

Blair, 2009, for overviews). In this way the contribution of each factor to the growth of 

the variable of interest is obtained. For instance, the changes in industry gross outputs can 

be decomposed into the effect of the changes in input coefficients and the effect of the 

changes in final demand. The open and the semi-closed model are two widely used types 

in input-output analysis. Their most distinctive difference is the role played by household 

consumption. In the open model, household consumption is treated as an exogenous final 

demand category. In the semi-closed model, however, household consumption is 

endogenized via the income-consumption relationship between households and industries. 

In the semi-closed model, additional labor income (caused by an increase in final demand) 

will enhance household consumption. This enhanced household consumption, in its turn, 

will increase the gross output of the industries, the labor requirements of the industries 

and therefore labor income of households. This forms a so-called feedback loop. 

Therefore, not only industry linkages but also the industry-household linkage (which 

causes feedback effects from consumption behavior of households) is taken into account 

in the semi-closed model. 

Household consumption behavior plays a key role in impact analyses and policy 

evaluations. If the consumption-enhancing effects of additional labor income are deemed 

important, researchers usually choose the semi-closed model and the outcomes typically 
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differ considerably from those obtained using the open model. This chapter examines 

whether such differences also exist between applying a structural decomposition analysis 

to the semi-closed and to the open model. As mentioned before, the industry-household 

linkage provides an extra channel in the semi-closed model when compared to the open 

model. On the one hand, one would thus expect also the decomposition results to differ 

between the two models. On the other hand, however, some sets of determinants (such as 

the domestic input coefficients matrix) typically contain elements that went up while 

others went down during a period of time. Consequently, the effects may cancel out. 

Therefore, the magnitude of the differences between the SDA results for the open model 

and the results for the semi-closed model is far from clear and can only be assessed by 

empirical research. The empirical part of Chapter 2 considers the decomposition of the 

growth in gross output and in labor compensation, for China (1997-2007) and for a set of 

35 other countries. The decomposition outcomes based on the semi-closed and the open 

input-output models are compared. The methodological contribution in this chapter is the 

development of the structural decomposition approach for the semi-closed input-output 

model. 

Chapter 3 evaluates the short-run impacts on China‘s economic growth of the 

stimulus package that the Chinese government launched during the period of global 

financial crisis. This crisis had a large recessionary impact on China‘s economic growth. 

Its real GDP growth rate decreased from 14.2% in 2007 to 9.6% in 2008 and many 

workers that had migrated from rural to urban areas lost their jobs in the cities and 

returned to the rural areas. To cope with the impacts of the global financial crisis, the 

Chinese government launched a 4 trillion Yuan stimulus package in the fourth quarter of 

2008. This stimulus package consisted of several investment projects (related to buildings 

and infrastructure) that had to be completed before the end of 2010. 

Investment projects like the one in the 4 trillion Yuan stimulus package will directly 

drive extra production of the construction industry and industries that provide the 

necessary equipment and machinery. Indirectly, production will also increase in their 

upstream industries (which provide the inputs, and the inputs to produce the inputs, 

etcetera). All this extra production requires extra labor input, which will increase 

household income and, thus, household consumption. In its turn, extra consumption leads 



10   Chapter 1 

to extra production, and so forth. In contrast to this positive effect of the stimulus 

package on household income, households may expect a negative effect in the future. For 

instance, households may be anxious about their employment after the stimulus package 

is finished and/or may expect that the government will increase tax rates to balance the 

deficit caused by the stimulus package. Therefore, despite the increase in household 

income in the short-run, they may be very cautious to spend it all on current consumption 

and tend to also increase their saving. 

A new semi-closed input-output model is developed to incorporate these short-run 

effects. In the traditional semi-closed model, household consumption is fully endogenized, 

which implies that current consumption is fully determined by current income. However, 

according to consumption theory, several other factors (such as past consumption levels 

and expected income) are also important determinants of current household consumption 

(Duesenberry, 1949; Friedman, 1957; Carroll, 1994; Luengo-Prado and Sørensen, 2008). 

Therefore, we develop a new semi-closed input-output model to reconcile input-output 

analysis with consumption theory. The new semi-closed model endogenizes only the part 

of household consumption that is solely determined by current income. The results 

calculated with this new semi-closed model are expected to fall between the results of the 

open model and the traditional semi-closed model. This is because the new semi-closed 

model incorporates only part of the feedback loop that is included in the traditional 

semi-closed model, whereas the open model does not incorporate the feedback loop at all. 

To analyze the differences between the models, the short-run impacts of the 4 trillion 

Yuan stimulus package on China‘s economic growth are investigated. 

Chapter 4 projects China‘s future demographic changes in terms of ageing and 

urbanization and investigates the effects on China‘s future labor force. Ageing and 

urbanization are two important demographic changes of China in the following decades. 

Due to a policy of child control, China‘s total fertility rate will maintain at a relatively 

low level. At the same time, benefiting from the improvement of health care, life 

expectancy will increase and the number of old people will already increase largely in the 

next two decades when the baby boom generation (i.e. people born in the 1960s) ages. 

These factors will boost China‘s ageing process in the near future. Another important 

demographic aspect, in the past two decades, is that many Chinese rural people migrated 
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to work in urban areas and that urban areas expanded. As a consequence, China‘s 

urbanization rate has increased 1.2 percentage points per year on average in the period 

1990-2010. This rapid urbanization trend is expected to continue during China‘s 

industrialization process (United Nations, 2012). 

These future demographic changes will have various socio-economic effects. This 

chapter investigates the consequences for China‘s future labor supply. The low fertility 

rate in the past decades together with the upcoming retirement of a large part of the 

current labor force will lead to a serious decrease in the future labor supply. From a 

long-term perspective, this could slow down China‘s economic growth if the labor 

productivity does not improve significantly. To achieve insight in the details of the future 

demographic changes, we project China‘s population to 2030 on the basis of 2010 

population census data. An age-specific rural-urban population model is developed for 

this projection, which yields the size of the rural and the urban population in each of the 

distinguished age groups. The model consists of a rural population module and an urban 

population module. The methodological contribution in this chapter is that the two 

modules are connected by explicitly taking the rural-urban population transit into account. 

Modeling the rural and urban population in separate modules allows us include 

demographic heterogeneities between rural and urban population. For example, because 

different child control policies have been implemented in the past for rural and urban 

areas also the fertility rates differ. Using this rural-urban population model, the 

population size and the labor supply in the distinguished age groups in rural and urban 

areas are projected for different scenarios of the future development of the fertility rates.  

Chapter 5 investigates the impacts of demographic changes due to ageing and 

urbanization on China‘s future occupation-specific labor demand under different growth 

scenarios. The findings may provide useful insights for China‘s current planning of 

education and training and may help to avoid costly activities in the future for 

employment adjustment and retraining. 

The projections in Chapter 4 show that China will experience massive demographic 

changes in the following two decades. The share of population aged 65+ will increase 

from 9% in 2010 to 22% in 2030. Compared to 2010, the labor force will have decreased 

by 6% in 2030 and this decreasing trend cannot be reversed even if the current child 
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control policy is loosened. Meanwhile, the urbanization rate will increase from 50% in 

2010 to 71% in 2030. In general, households with different demographic characteristics 

have different consumption behaviors (Deaton and Muellbauer, 1980). Therefore, the 

future massive demographic changes in China will cause substantial changes in the level 

and the composition of household consumption. In their turn, these changes in household 

consumption will cause changes in the gross outputs of industries and the demand for 

workers in different occupations. 

Forecasting the future changes in occupation-specific labor demand is important for 

China‘s current planning of education and training, given that the labor force will shrink 

in the following decades. Education and training workers usually takes quite a long time. 

Good projections thus provide useful information for the government in order to 

anticipate future developments and make plans in advance. In this chapter, the 

demographic changes are linked to occupation-specific labor demand by integrating: (i) 

an input-output model; (ii) a demography-driven demand system for household 

consumption; and (iii) an industry-occupation-specific employment account. Household 

consumption is endogenized via the demand system and the input-output model in a 

recursive way.  

Chapter 6 summarizes the main findings of this thesis and discusses its limitations. 
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Chapter 2  

Structural decomposition analyses: the differences between applying the 

semi-closed and the open input-output model 

 

 

2.1. Introduction 

 

Input-output (IO) analysis is widely used to analyze the impacts of expenditure injections 

at the global, the national, the regional, and even the municipal level. In the traditional IO 

model, all final demand categories (household consumption, government expenditures, 

investments, and exports) are treated as exogenous variables and determined ―outside‖ 

the model. Therefore, the traditional IO model is also termed the open IO model and it 

only captures the linkages between industries. In many policy relevant cases, however, it 

is important that the linkage between industries and households is mutual. To this end 

household consumption is endogenized and thus determined within the model. This 

yields the semi-closed IO model, which has also been termed the partially closed or 

extended IO model (see Batey et al., 1987; Batey and Rose, 1990).  

 Semi-closed IO models have been widely used in policy and impact analyses. 

The effect of induced household consumption is usually one of the concerns and the 

focus is on the medium- or long-run in which case the induced household consumption 

can be fully effectuated. Examples at the national level include Yang et al. (2008) who 

evaluate the socio-economic impact of large-scale projects. Dietzenbacher and 

Günlük-Şenesen (2003a) assess changes in the Turkish production structure and labor 

income between two periods with different policy strategies. For the semi-closed model 

they obtain findings that cannot be detected with the open IO model, such as the 

dominance of public services for the industry output multipliers. The application of 

semi-closed IO models is even more prevalent at a regional level. One important reason is 

that regional economies are more open than national economies, which reduces the 
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importance of inter-industry linkages relative to the industry-household linkage (Batey et 

al., 1993; Trigg and Madden, 1994). For example, for the region of Evros in Greece, 

Hewings and Romanos (1981) find that 50% of the important coefficients are related to 

the household sector, and in an interregional IO analysis for the UK economy, McGregor 

et al. (1999) find that the migration effect via the income-consumption relationship is 

more important than the spillover and feedback trade effect. A very recent example where 

the semi-closed IO model has been used is the study of the impacts of higher education 

institutions for the Scottish economy (Hermannsson et al., 2013, 2014a, 2014b). 

 Next to the widespread application of semi-closed IO models, another important 

development in IO in the last 30 years was structural decomposition analysis (SDA). 

Essentially, it examines how the change over time in a variable of interest is decomposed 

into the effects of changes in its constituent factors. In this way the contribution of each 

factor to the growth of the variable of interest is obtained (see Rose and Casler, 1996, or 

Miller and Blair, 2009, for overviews). In the past, many applications focused on 

decomposing changes in economic phenomena and environmental issues. Recent 

examples include: Oosterhaven and Broersma (2007) who studied labor productivity; Pei 

et al. (2011) China‘s import growth; Cazcarro et al. (2013) water consumption in Spain; 

and Arto and Dietzenbacher (2014) global greenhouse gas emissions. 

So far, however, to the best of our knowledge all SDA applications have only been 

for the open IO model. Schuman (1994) deems that this is because decomposing a 

structural change in isolated sources within the semi-closed IO model is impossible. In 

this study, we extend earlier work by Dietzenbacher and Günlük-Şenesen (2003b) and 

show that carrying out SDAs in a semi-closed IO model is very well possible.  

Empirical impact studies have shown the importance of taking the 

industry-household linkage into full account. This immediately raises the question what 

the differences are between applying SDA to the semi-closed model and to the open 

model. In the open IO model, a change in a domestic input coefficient only causes 

changes in gross outputs via interindustry linkages. In the semi-closed IO model, 

however, these changes in gross outputs further cause changes in labor income and thus 

changes in household consumption, leading to additional changes in gross output. Hence, 

the change in gross output solely due to a change in a single domestic input coefficient 
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will be larger (either in positive or negative terms) in the semi-closed model than in the 

open model. The magnitudes of these differences can only be assessed by empirical 

research. Furthermore, most often the effects of changes in sets of determinants (such as 

the matrix with all domestic input coefficients) are isolated. Typically, some elements of 

these sets have grown, while others have become smaller. Consequently, the effects may 

cancel out. One would thus expect the decomposition results from both models to be 

different, but the magnitude of the differences is far from clear.  

Our decomposition framework is also relevant for another, further extension of the 

IO model. These are models based on a Social Accounting Matrix (SAM) rather than on 

an IO table (see Pyatt, 1988). SAM-based models are broader than semi-closed IO 

models as they extend the linkages to relations between institutions (firms, households, 

the public sector and the foreign sector). They cover production and income generation 

(just as IO models do), but also the distribution and re-distribution of income. 

Theoretically, semi-closed IO models can be derived as simplifications of SAMs by using 

the apportionment method (see Pyatt, 2001). The decomposition proposed in this chapter 

can therefore also be applied to a SAM-based model (and some parts have been done in 

Llop, 2007).
4
 We would like to point out that the choice for a semi-closed IO model 

rather than a SAM-based model is usually because of a lack of data (it is easier to 

compile input-output tables than SAMs), not because semi-closed IO models are superior 

to SAM-based models. On the contrary, SAM-based models are superior to semi-closed 

models in terms of data richness. 

The remainder of this chapter is organized as follows. Section 2.2 introduces the 

open IO model and the semi-closed IO model and Section 2.3 discusses the 

decompositions for the two models. Section 2.4 deals with the application to the Chinese 

IO tables and Section 2.5 takes 35 other countries into consideration. Section 2.6 checks 

the plausibility of one of the underlying assumptions of the decompositions and Section 

2.7 concludes. 

 

                                                             
4 A decomposition in a CGE framework cannot be done according to an analytical expression but requires complex 

numerical simulations, a rare example of which was given by Jensen-Butler and Madsen, 2005). 
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2.2. The open and semi-closed input-output models 

 

The traditional, open IO model is usually expressed as follows (see Miller and Blair, 

2009)  

 

)(1
gcLfA)(Ix  

                       (2.1) 

 

with x  the n-element vector of gross outputs, A  the n×n matrix with domestic input 

coefficients, and f  the n-element vector of final demands for domestic products, which 

can be further split into a vector of household consumption c  and a vector of other final 

demands g  (including government expenditures, investments, and exports). The matrix 

1)(  AIL  is the Leontief inverse. In Equation (2.1), all final demand categories are 

treated as exogenous variables.  

 Production by industry i requires the input of labor and the amount of labor 

compensation paid is given by iw . It includes compensation of employees and income of 

self-employed individuals. We have iii xbw  , where ib  is the labor compensation 

coefficient which gives the labor compensation in industry i per unit of its gross output. 

This yields  

 

 xbw ˆ                                     (2.2) 

 

with w  the n-element vector with industry labor compensations and b̂  the diagonal 

matrix with labor compensation coefficients. 

In the open model, household consumption affects production and labor 

compensation. In reality, however, (part of) the labor compensation flows as labor 

income to households who spend it on buying the products produced by the industries. 

Industries and households are then mutually connected through this income-consumption 

relationship. The semi-closed IO model takes it into full account by endogenizing 
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household consumption and total labor compensation (Miller and Blair, 2009). The 

semi-closed model can be expressed as 
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where iiww  xb  is the total labor compensation, r  is the ratio between total 

household consumption of domestic products and total labor compensation (i.e. 

iiii wcr  / ), and c  is the vector with consumption shares (i.e. iiii ccc  / ). Note 

that a change in r implicitly also covers the effects of substituting the consumption of 

domestic products for imported products or savings instead of consumption. Note 

furthermore that consumers may have other sources of income (e.g. capital income) from 

which they may pay for their consumption. In principle, r could thus even be larger than 

one. 

In the traditional semi-closed model, only total labor compensation is modeled. 

Next, we will show that labor compensation at industry level can also be modeled in the 

semi-closed model, which allows for investigations of the determinants of labor 

compensation for each industry.  The expression for the outputs in Equation (2.3) can be 

written as gcAxx  wr . Using wi iiww , with i  the row summation vector 

consisting of ones, yields gwicAxx  r . The industry labor compensations are 

given in Equation (2.2). Taken together in a single equation, this yields 
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and the solution is given by
5
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 Equation (2.4) implies that 
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 which (under mild conditions) guarantees that the 

inverse in Equation (2.5) exists (see e.g. Takayama, 1985, pp.392). 
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When compared to the open model, the semi-closed model includes extra feedback 

loops through the income-consumption relationship. Consider, for instance, the effects of 

an increase in the exports. In the open model, this will cause an increase in the gross 

outputs via industry linkages and an increase in the industry labor compensations. In the 

semi-closed model, however, the extra labor income for households will cause a further 

effect on the gross outputs via increased household consumption, and so forth. These 

extra loops are not included in the open model.  

 

2.3. Structural decomposition in the open and in the semi-closed input-output model  

 

The aim is to decompose changes in gross output and labor compensation levels in each 

industry. The outcome are the contributions to output growth and labor compensation 

growth of the changes in the underlying factors, one of which are the changes in the 

consumption shares. Because we want to compare the decomposition results across two 

models, it is important that both decompositions have (as much as possible) the same 

underlying factors. Therefore, we first reformulate both models. 

 

2.3.1. Model reformulation 

Equation (2.1), for the open model, can be rewritten as: 

 

])1([)( 1
gcAIfLx   

                 (2.6) 

 

where 
ii fλ   is the total final demand (for domestic products);

 
λ/ff   is a vector 

of industry shares in final demand;   is the share of total household consumption in 
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total final demand ( /iic ) and )1(  is the share of other final demand in total final 

demand ( /ii g ); c  is again the vector with consumption shares; and g  is the vector 

of other final demand shares ( iiii ggg  / ). Equation (2.6) distinguishes the factors that 

reflect the structure of the economy from a factor indicating the scale of the economy. 

The component ])1([ gcL    includes four structural factors and   gives the scale, 

which has an identical effect on the gross output of each industry. 

In the context of the open model, the vector w  with industry labor compensations 

can be expressed—by combining (2.2) and (2.6)—as 

 

])1([)(ˆˆ 1
gcAIbxbw                                 (2.7) 

 

In the semi-closed model, the gross outputs and the labor compensations are 

determined simultaneously. Equation (2.5) can be rewritten as: 
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with ii g , which reflects the scale effect. The remaining part covers the structure 

effects. 

After the model reformulation, A , c  and g  become the common factors in the 

gross output expressions of the two models, and A , c , g  and b̂  become the common 

factors in the labor compensation expressions. Model-specific factors are   and  for 

the open model and  and r for the semi-closed model. 

Next, we turn to decomposing the gross output growth and the labor compensation 

growth in the open model and the semi-closed model, respectively. When carrying out the 

decomposition, the effect of changes in scale can be nicely separated from the effects of 

changes in structure when a multiplicative—rather than an additive—structural 

decomposition analysis (MSDA, see Dietzenbacher et al., 2000, for an introduction) is 

used.  
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2.3.2. MSDA for the open model 

We use superscripts ―1‖ and ―0‖ to indicate the final and initial year of a variable during a 

period of interest. Then, the growth of gross output during a period can be expressed as
6
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Equation (2.9.1) gives the scale effect, that is the output growth (which is the same in 

each industry) if the total of all final demands had increased as it actually did, whilst 

anything else had remained constant. In a similar fashion, Equations (2.9.2)-(2.9.5) give 

                                                             
6  For any two matrices (or vectors)  and ,   and  denote elementwise division and 

elementwise multiplication, respectively. That is,  and . 

U V VU / VU

ijij vu / ijij vu 
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the effects of changes in A , c , g  and   on the growth of gross output in each 

industry, respectively.
7
  

 It should be stressed that the decomposition results vary across different ―orderings‖ 

of changing the factors. In Equations (2.9), we first changed λ , then A, etcetera. Denote 

this ordering as α gcA . The ordering for the ―mirror decomposition‖ is 

given by   Acg  and the decomposition itself yields 
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In the case of n factors there are n! equivalent decompositions (see Dietzenbacher and 

Los, 1998), but it turns out that the average of two ―mirror‖ decompositions closely 

approximates the average of all n! equivalent decompositions (de Haan, 2001). Taking 

the geometric average of the decompositions in (2.9) and (2.10) yields: 

 

The effect of a change in  : E 01 /)1.10.2()1.9.2(  ; 

the effect of changes in A : AE )2.10.2()2.9.2(  ; 

                                                             
7 Since 

1)(  AIL , the effects of L and A are equivalent. 
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the effect of changes in c : cE )3.10.2()3.9.2(  ; 

the effect of changes in g : gE )4.10.2()4.9.2(  ; 

the effect of a change in  : E )5.10.2()5.9.2(  . 

 

The growth of labor compensation can be decomposed in similar way, starting from  
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The decomposition includes also the effects of changes in b  (that is, bE ), next to the 

effects that are also included in the output growth decomposition. The detailed equations 

are given in Appendix 2.1. 

 

2.3.3. MSDA for the semi-closed model 

In the context of a semi-closed model, the growth of gross output and labor compensation 

are decomposed simultaneously. The decomposition for the ordering 

r bgcA  yields: 
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The ―mirror‖ decomposition and the geometric averages are detailed in Appendix 2.1. 

This MSDA for the semi-closed model might suffer from the ―dependency 

problem‖ highlighted by Dietzenbacher and Los (2000). All changes in domestic 

intermediate input coefficients in a column of the matrix A are automatically 

accompanied by an equally large change with opposite sign in the sum of value added 

and import coefficients, since column sums of coefficients always add up to one. These 

two sets of coefficients cannot change independently, which invalidates the main idea of 

SDA to quantify what would have happened if one determinant would have changed as it 

actually did, while other factors remained unchanged. Since the labor compensation 

coefficients in b are part of the value added coefficients, it remains an empirical question 

whether changes in the elements of A are reflected in opposite changes in b, or whether 

the other value added components and imports absorb the changes in A. In the latter case, 

the dependency problem would be irrelevant, in the former case an alternative 
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decomposition approach introduced by Dietzenbacher and Los (2000) should be adopted. 

This issue will be analyzed empirically in Section 2.6 below. 

 

2.4. An application to Chinese input-output tables  

 

2.4.1. Data description 

We employ the MSDA to investigate the sources of the growth in industry gross output 

levels and in industry labor compensation levels in China during 1997-2007. We use the 

1997 and 2007 survey-based Chinese input-output (IO) tables as published by the 

National Bureau of Statistics of China (NBS, 1999, 2009). These IO tables are in current 

prices and have 42 industries (see the industry classification in Appendix 2.2). 

Unfortunately, IO tables in constant prices are not available. A consequence is that the 

effect of, for example, increased consumption on output growth not only covers quantity 

but also price changes. For many purposes one would want to single out the effects of 

quantity changes. It should be stressed though that the primary interest in this chapter are 

the differences between decomposing the semi-closed model and the open model. 

Therefore, we have chosen to work with the tables in current prices.  

Labor compensation in our analysis consists of two parts: compensation of 

employees and income of self-employed individuals. This distinction is readily available 

in the Chinese IO table for 1997, but not for 2007. This is because the NBS changed the 

statistical concepts regarding labor compensation in 2004 (see Bai and Qian, 2010). For 

Agriculture (industry 1), labor compensation in 2007 includes also the operating surplus 

of state-owned and collectively-owned farms. This is because obtaining detailed financial 

statements from these farms had become more and more difficult. For non-agricultural 

industries, on the other hand, the income of self-employed individuals is no longer 

included as part of the labor compensation in 2007. In both cases we need to make 

adjustments to make the 1997 and 2007 table comparable (see Appendix 2.3). 

In addition to the adjustments for labor compensation in 2007, adaptations in both 

years are required to single out the domestic deliveries. That is, the IO models introduced 
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in Section 2.2 distinguish between domestic and imported products. However, the 

original IO tables published by NBS do not make such a distinction. The deliveries of 

intermediate goods and final goods need to be split according to their origin, i.e. 

domestically produced or imported. For this we apply the frequently used proportional 

approach. Multiplying each row i of the IO table with its ―domestic product share in total 

domestic demand‖ i , gives the domestic products delivered to industries, to households, 

to the government and other final demand categories. For industry i,  its domestic 

product share in total domestic demand is defined as  )/()( iiiiii emxex  , where 

ix  is the gross output of product i, im  is the import of product i, and ie  is the export 

of product i. The import tables or matrices can be obtained by deducting the domestic 

products from the original IO tables.  

 

2.4.2 Results and findings 

The results for the decomposition of the gross output growth and the labor compensation 

growth  during 1997-2007 are shown in Table 2.1 for the open model and in Table 2.2 

for the semi-closed model. For example, output in Agriculture (industry 1) grew by 93% 

and labor compensation by 81%. That is, 
1997

1

2007

1 / xx  = 1.93 and 
1997

1

2007

1 / ww  = 1.81. If 

only the consumption shares would have changed as they did between 1997 and 2007, 

whilst anything else had remained constant, the agricultural output would have been 

decreased by 32% (i.e. cE  equals 0.68 for industry 1) when the open model is applied. 

Multiplying the appropriate effects yields agricultural output growth (i.e. 1.93 = 

3.82×0.93×0.68×0.95×0.84) and multiplying all effects yields the growth in labor 

compensation for agriculture (i.e. 1.81 = 3.82×0.93×0.68×0.95×0.84×0.94). 
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Table 2.1 Decomposition results for gross output growth and labor compensation 

growth (open model) 

Industry 
Gross output 

growth 

Labor compensation 

growth 
EA E c  E g  Eα  E b  

1 1.93 1.81 0.93 0.68 0.95 0.84 0.94 

2 4.33 2.93 1.11 1.03 0.96 1.03 0.68 

3 5.84 5.71 1.56 1.04 0.90 1.04 0.98 

4 5.15 4.07 1.06 1.01 1.14 1.11 0.79 

5 2.61 2.12 0.77 0.97 0.83 1.11 0.81 

6 3.03 3.11 1.19 0.87 0.93 0.82 1.03 

7 2.72 1.82 0.89 0.93 0.83 1.04 0.67 

8 2.97 1.86 1.10 0.97 0.76 0.96 0.63 

9 4.91 3.80 1.14 0.94 1.13 1.06 0.77 

10 3.38 1.86 0.98 1.00 0.88 1.03 0.55 

11 6.80 7.64 1.70 1.06 0.95 1.04 1.12 

12 4.08 2.59 1.09 0.97 1.00 1.01 0.63 

13 2.59 1.91 0.75 0.96 0.83 1.13 0.74 

14 7.86 4.17 1.59 1.01 1.15 1.11 0.53 

15 3.55 2.31 0.89 0.98 0.97 1.10 0.65 

16 4.80 2.97 1.02 1.01 1.08 1.13 0.62 

17 6.21 4.50 1.14 1.07 1.24 1.07 0.72 

18 4.88 2.59 0.97 0.99 1.25 1.07 0.53 

19 8.41 4.75 1.02 1.01 1.92 1.12 0.57 

20 5.88 3.28 0.92 1.02 1.44 1.13 0.56 

21 2.68 2.19 0.67 1.04 1.00 1.00 0.82 

22 8.17 - 1.80 1.00 1.09 1.09 - 

23 8.06 5.01 2.01 1.09 0.96 0.99 0.62 

24 7.94 3.28 1.78 1.23 1.09 0.88 0.41 

25 3.08 3.44 0.81 1.14 0.94 0.93 1.12 

26 3.61 2.20 0.96 1.02 0.81 1.18 0.61 

27 6.26 3.80 1.39 1.04 1.11 1.02 0.61 

28 3.65 4.36 1.43 0.71 1.00 0.94 1.19 

29 5.70 6.74 0.92 1.43 1.15 0.99 1.18 

30 2.61 2.91 0.68 1.09 0.95 0.97 1.12 

31 4.88 4.09 1.10 1.30 0.98 0.91 0.84 

32 5.42 5.31 1.24 1.17 1.05 0.94 0.98 

33 7.96 6.04 1.13 1.70 1.27 0.85 0.76 

34 5.33 3.97 1.02 1.10 1.23 1.01 0.75 

35 4.97 4.29 1.61 1.01 0.71 1.13 0.86 

36 5.76 4.39 1.83 0.99 0.75 1.11 0.76 

37 1.49 1.13 0.78 0.98 0.48 1.07 0.75 

38 4.38 3.50 0.85 1.48 1.01 0.89 0.80 

39 5.68 4.89 1.03 1.37 1.04 1.01 0.86 

40 6.19 5.07 1.09 1.37 1.16 0.94 0.82 

41 3.51 2.81 1.18 0.94 0.84 0.98 0.80 

42 3.57 4.54 1.01 1.00 0.77 1.20 1.27 

Scale effect, Eλ 3.82      

Notes: (1) The gross output growth and labor compensation growth are measured as the ratio between their 

levels in 2007 and 1997; (2) The labor compensation of industry 22 in 1997 is 0, so we do not report the 

result for industry 22; (3) EA, E c , E g , Eα  and Eλ  denote the effect of changes in input coefficients, 

consumption shares, other final demand shares, the share of total household consumption in total final 

demand, and total final demand on gross output growth and labor compensation growth, respectively; E b
denotes the effect of changes in labor compensation coefficients on labor compensation growth.  
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Table 2.2 Decomposition results for gross output growth and labor compensation 

growth (semi-closed model ) 

Industry 
Gross output 

growth  

Labor compensation 

growth 
EA E c  E g  Er )( xbE  E b  

1 1.93 1.81 0.94 0.64 0.90 0.97 0.80 0.75 

2 4.33 2.93 1.12 1.01 0.94 0.98 0.91 0.61 

3 5.84 5.71 1.57 1.02 0.89 0.99 0.92 0.89 

4 5.15 4.07 1.06 0.99 1.13 0.99 0.95 0.75 

5 2.61 2.12 0.77 0.96 0.82 0.99 0.95 0.77 

6 3.03 3.11 1.20 0.82 0.89 0.96 0.79 0.81 

7 2.72 1.82 0.89 0.90 0.81 0.99 0.92 0.61 

8 2.97 1.86 1.11 0.94 0.74 0.98 0.87 0.54 

9 4.91 3.80 1.14 0.92 1.12 0.99 0.92 0.72 

10 3.38 1.86 0.99 0.97 0.86 0.98 0.91 0.50 

11 6.80 7.64 1.70 1.03 0.94 0.99 0.91 1.03 

12 4.08 2.59 1.09 0.95 0.98 0.98 0.90 0.57 

13 2.59 1.91 0.75 0.95 0.82 0.99 0.96 0.71 

14 7.86 4.17 1.59 1.00 1.14 0.99 0.95 0.51 

15 3.55 2.31 0.89 0.97 0.95 0.99 0.95 0.61 

16 4.80 2.97 1.02 1.00 1.07 0.99 0.96 0.60 

17 6.21 4.50 1.14 1.05 1.23 0.99 0.93 0.68 

18 4.88 2.59 0.97 0.97 1.23 0.99 0.93 0.49 

19 8.41 4.75 1.02 0.99 1.90 0.99 0.96 0.54 

20 5.88 3.28 0.92 1.01 1.43 0.99 0.97 0.54 

21 2.68 2.19 0.68 1.01 0.97 0.98 0.89 0.73 

22 8.17 - 1.81 0.98 1.08 0.99 0.94 - 

23 8.06 5.01 2.02 1.06 0.94 0.98 0.89 0.55 

24 7.94 3.28 1.79 1.17 1.04 0.97 0.82 0.34 

25 3.08 3.44 0.81 1.09 0.91 0.98 0.85 0.95 

26 3.61 2.20 0.96 1.02 0.81 1.00 0.99 0.61 

27 6.26 3.80 1.40 1.01 1.09 0.98 0.91 0.55 

28 3.65 4.36 1.44 0.68 0.97 0.97 0.86 1.02 

29 5.70 6.74 0.92 1.38 1.12 0.98 0.88 1.05 

30 2.61 2.91 0.68 1.05 0.93 0.98 0.87 0.98 

31 4.88 4.09 1.11 1.24 0.95 0.97 0.84 0.71 

32 5.42 5.31 1.24 1.12 1.02 0.98 0.86 0.84 

33 7.96 6.04 1.14 1.62 1.21 0.97 0.80 0.61 

34 5.33 3.97 1.03 1.06 1.20 0.98 0.90 0.67 

35 4.97 4.29 1.61 1.00 0.70 0.99 0.96 0.83 

36 5.76 4.39 1.84 0.97 0.74 0.99 0.95 0.73 

37 1.49 1.13 0.78 0.97 0.47 0.99 0.93 0.70 

38 4.38 3.50 0.86 1.41 0.98 0.97 0.83 0.66 

39 5.68 4.89 1.03 1.34 1.01 0.98 0.90 0.77 

40 6.19 5.07 1.09 1.32 1.12 0.98 0.86 0.70 

41 3.51 2.81 1.19 0.91 0.82 0.98 0.88 0.71 

42 3.57 4.54 1.01 1.00 0.77 1.00 1.00 1.27 

Scale effect, Eμ 4.58      

Notes: (1) and (2) see Table 2.1; (3) for EA, E c , and E g , see Note (3) of Table 2.1; Er and Eμ denote the 

effects (on gross output growth and labor compensation growth) of changes in the ratio between total 

household consumption of domestic products and total labor compensation, and of changes in the total 

other final demands, respectively; because the changes in labor compensation coefficients affect the 

industry gross output and labor compensation differently, we use E )(xb  and E b  to denote the effect of 

changes in labor compensation coefficients on the gross output growth and on the labor compensation  

growth, respectively. 
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The results for the three factors in the decompositions of output growth that both models 

have in common (i.e. AE , cE  and gE ) look fairly similar. To quantify this 

comparison across models we have calculated the absolute relative difference (ARD).
8
 

For example, for the case of AE  it is defined as 
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where semi

iE )( A  gives the effect of changes in the input coefficients matrix A on the 

output and labor compensation in industry i  when the semi-closed model is used and 

open

iE )( A  indicates the effect when the open model is used. It gives the absolute relative 

difference between semi

iE )( A  and open

iE )( A , and the benchmark is their geometric 

average. The definition of AE

i  is intuitive and has several nice properties (such as 

satisfying the condition of symmetry, i.e. exchanging semi

iE )( A  by open

iE )( A  and vice 

versa does not change the value of AE

i , and reporting AE

i  = 0 when the result is the 

same in both models).  

The averages over all industries of the three ARDs are very small. That is, 0.33% 

for AE , 2.69% for cE , and 2.04% for gE . Also their standard deviations are small 

(0.16%, 1.52%, and 1.19%, respectively). This outcome—which may not be very 

exciting in itself—bears a considerable amount of relevance. It states that the contribution 

to output and labor compensation growth of, for example, changes in consumption shares 

is more or less the same, irrespective of the model that is used. At first sight, this may 

come as a surprise, because the semi-closed model includes an extra channel via the 

industry-household linkage. Apparently this extra linkage does not play a role in 

                                                             
8
 The results for cE  and gE  are always larger in Table 2.1 than in Table 2.2, which implies that it is not necessary 

to use absolute values in the calculation of the relative differences. This systematic difference does not hold for the 

results for AE . Unlike for other industries, the result for Construction (industry 26) in Table 2.1 is smaller than in 

Table 2.2 (although the same outcome is reported due to rounding). Therefore we calculate absolute relative 

differences.  
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decompositions.
9
 Closer inspection learns that it is a matter of counterbalancing. 

Consider the changes in the vector with industry shares of other final demands (i.e. g ), 

which is exogenous in both models. Because it is a vector of shares, g  will include 

pluses and minuses. The pluses will increase outputs and labor compensations, and the 

minuses will have an opposite effect. The effects will thus cancel each other out to a large 

extent and will result in a relatively small change in the total labor compensation. This is 

precisely what is fed back to households in the semi-closed model and which affects 

consumption, production, total labor compensation and so forth. Apparently, the feedback 

effects are very small in the present case, which explains why the results for both models 

are so similar. The same reasoning applies to the changes in c  and to the changes in A 

(which usually also include increases as well as decreases). 

For the decomposition of labor compensation growth, AE , cE , gE  and bE  

are the factors that the open model and the semi-closed model have in common. As 

Equations (2.2) and (2.4) show, the industry labor compensation can be expressed as 

xbw ˆ  both in the open model and in the semi-closed model. This means that the 

changes in A , c  and g  affect w only through their effects on the gross outputs. The 

effects of AE , cE , and gE  on industry labor compensation growth are therefore 

exactly the same as their effects on gross output growth, which holds for both models. 

Whereas the effects of AE , cE , and gE  are very similar in the two models, the 

effects of bE  on labor compensation growth differ significantly. The semi-closed 

model indicates a stronger negative (or weaker positive) effect than the open model does. 

The mean of the ARDs across all industries is 10.31% with a standard deviation of 5.94%. 

For some industries, the signs of the effects are even different. For instance, the open 

model indicates a small positive effect on labor compensation in Manufacture of food 

products and tobacco processing (industry 6), whereas the semi-closed model indicates a 

substantial negative effect.  

The difference between the results for changes in labor compensation coefficients 

in both models is caused by the feedback loop in the semi-closed model. In the case of 

                                                             
9 It should be stressed that it does play a significant role for impact analyses, for example. In decompositions, however, 

one is actually interested in relative aspects. A given output growth is ―distributed‖ over the contributing factors. 
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AE , cE , and gE , we had pluses and minuses that counterbalanced so that there was 

no role for the feedback loop. In the case of bE , however, we essentially have minuses 

(probably caused by the prominent role China started to play as a location of stages of 

increasingly fragmented production processes) that are enlarged via feedback effects. In 

the open model, the effect of bE  on labor compensation is direct and results in 

decreases for most industries (as shown in the last column of Table 2.1). All these 

decreases imply that total labor compensation is considerably lowered. In the semi-closed 

model, this reduces consumption through the industry-household linkage, which in its 

turn lessens output, labor compensation, and so forth. The reductions in industry labor 

compensations due to changes in b that we find in Table 2.1 for the open model are thus 

strengthened by the feedback loop in the semi-closed model. For no industry we find a 

larger value for bE  in Table 2.2 (for the semi-closed model) than in Table 2.1 (for the 

open model), and in most cases the value is substantially smaller. 

Another difference between the decompositions in the two models is the scale 

effect. For the open model we have 82.3E  and for the semi-closed model we find 

58.4E . Note that the scale indicators in the two models have been defined 

differently, as a consequence of which the change in scale will generally also be different. 

Recall that )( iiiii gcf   is total final demands, which is usually much larger 

(but never smaller) than iig , i.e. total final demands less total household 

consumption. The two effects will be exactly the same, only if total household 

consumption ( iic ) grows with the same rate as total other final demands ( iig ) does. In 

China, total household consumption grew by 169% in nominal terms (from 3,428 billion 

Yuan in 1997 to 9,219 billion Yuan in 2007), total other final demands grew by 358% 

(from 5,126 billion to 23,485 billion Yuan), so that total final demands grew by 282% 

(from 8,554 billion to 32,704 billion Yuan). The findings ( 82.3E  and 58.4E ) 

are in line with the common viewpoint that China‘s output growth was primarily 

export-led. Exports are a major part of other final demands and grew by 478% (from 

1,654 billion to 9,554 billion Yuan). Investment demand also grew at a much faster pace 

than household consumption, at a rate of 281% (from 2,701 billion Yuan in 1997 to 
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10,293 billion Yuan in 2007), reflecting the transformation of a mainly agriculture-based 

to a manufacturing-based economy.  

Changes in labor compensation coefficients b do not (i.e. )(
ˆ

xEb in Table 2.2) play 

a role in the decomposition of output growth in the open model, but they do play a role in 

the semi-closed model. Their effects are listed in Table 2.2 in the column )(xEb . It 

appears that changes in b have a lowering effect on the gross output growth in each 

industry.
10

 For industries such as Agriculture (industry 1), Manufacture of food products 

and tobacco processing (6) and Real estate (33), the effects are rather significant 

(decreasing output by 20% or more). For one third of the industries the changes in labor 

compensation coefficients alone would have caused output to fall by more than 10%, 

which is quite much given the fact that the effect is entirely indirect. The labor 

compensation coefficients decreased during 1997-2007 for 34 (out of 42) industries. They 

were insufficiently counterbalanced by increased coefficients so that total labor 

compensation fell. This implied further decreases in the household consumption for each 

industry, the output, the labor compensation, and so forth. All these indirect effects add 

up and have in the end a considerable effect. Industries with larger consumption shares, 

such as Agriculture (industry 1), are usually affected more than industries with smaller 

consumption shares. 

Finally, we would like to point out another difference between the two models. 

Unlike the open model, household consumption growth (at the industry level) is 

determined endogenously in the semi-closed model. Therefore consumption growth can 

be decomposed in the semi-closed IO model, but not in the open model. It should be 

stressed though that the changes in many determinants have an identical effect on the 

consumption growth of products from different industries. The only factor that affects 

consumption differently across industries are the (exogenous) consumption shares, which 

makes this decomposition of lesser interest. The decomposition analysis of the growth in 

China‘s household consumption is presented in Appendix 2.4. 

 

                                                             
10 The output decreases also in Public management and social administration (industry 42), although very little. 

Because of rounding, Table 2.2 reports 1.00 for this industry.    
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2.5. Findings for other countries 

 

The MSDA application for 1997 and 2007 Chinese IO tables shows that the semi-closed 

model and the open model yield very similar results for the common factors when 

decomposing output growth. For the decomposition of labor compensation growth, 

however, both models yield significantly different results for the contribution of changes 

in labor compensation coefficients. In this section, the MSDA has been applied to the IO 

tables of a set of other countries to investigate the general validity of our findings.  

A test version of the world input-output database (WIOD) was used as our data 

source.
11

 WIOD provides world IO tables as well as socio-economic accounts on an 

annual basis for the period 1995-2011 (see the construction details in Dietzenbacher et al., 

2013). The world IO tables are inter-country IO tables with 35 industries and 40 countries 

and the rest of the world (as a 41st country). Since our analysis is based on national IO 

tables, the 1997 and 2007 world IO tables in current prices have been aggregated, 

yielding the national IO tables for 40 countries. The data on labor compensation are 

obtained from the socio-economic accounts in WIOD,  which are in national currencies. 

They have been converted to US dollars using the exchange rates that have been used in 

WIOD for the IO tables. For Indonesia, India, Turkey and Taiwan, data on labor 

compensation are not available and the compensation of employees has been used as an 

alternative.  

The labor compensation growth was decomposed for the open and the semi-closed 

model, and Table 2.3 focuses on the four common factors ( A , c , g , and b). (Note that 

the results for A , c  and g  are exactly the same for the decomposition of gross 

output growth.) For each country and for each common factor, it gives the mean and 

standard deviation of the ARDs using all 35 industries. Note that results for Bulgaria, 

Cyprus, and Greece have not been included. This is because for some industries other 

final demands show negative entries (because of negative changes in inventories) which 

leads to problems in a multiplicative decomposition. Also Romania is left out because the 

                                                             
11 The most recent WIOD data are available free of charge at www.wiod.org.  

http://www.wiod.org/
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labor compensation of agriculture is in 2007 larger than its gross output. This is caused 

by a large negative compensation of capital in Romanian agriculture in that year. 

 

Table 2.3 Decomposition results for other countries (1997-2007) 

Countries 
AE  cE  gE  bE    corr 

Mean Std Mean Std Mean Std Mean Std 

Australia 0.34 0.15 0.38 0.17 1.56 0.68 1.25 0.54 -1.95 -0.41 

Austria 0.37 0.29 0.09 0.07 1.55 1.23 6.84 5.41 -14.78 -0.19 

Belgium 0.18 0.19 0.38 0.39 0.46 0.48 2.27 2.36 -7.60 -0.26 

Bulgaria          0.06 

Brazil 0.48 0.19 2.81 1.09 2.01 0.81 5.81 2.29 -5.88 0.18 

Canada 2.93 1.90 0.92 0.58 0.10 0.15 3.09 2.01 -5.61 0.26 

China 0.82 0.48 1.76 1.06 2.03 1.19 11.70 6.99 -30.51 -0.27 

Cyprus          -0.24 

Czech Republic 2.24 1.60 0.27 0.19 3.62 2.57 2.20 1.57 -5.93 0.28 

Denmark 0.74 0.59 0.03 0.04 2.25 1.83 1.73 1.41 -4.58 0.36 

Estonia 0.86 0.72 0.42 0.34 0.14 0.12 0.04 0.04 0.25 -0.06 

Finland 0.21 0.15 0.06 0.04 0.80 0.57 5.21 3.70 -11.56 -0.22 

France 1.13 0.71 0.03 0.03 0.81 0.51 3.74 2.35 -6.02 -0.11 

Germany 0.96 0.59 0.10 0.07 1.93 1.21 7.43 4.67 -12.55 -0.31 

Greece          0.05 

Hungary 2.12 1.41 0.09 0.06 3.35 2.25 0.37 0.25 -0.78 -0.17 

India 4.30 1.97 0.39 0.19 3.73 1.71 12.53 5.84 -17.20 -0.67 

Indonesia 1.99 1.04 0.66 0.44 3.27 1.82 1.92 1.10 -2.94 -0.20 

Ireland 1.47 1.14 0.61 0.47 1.72 1.29 3.93 3.04 -12.68 -0.48 

Italy 1.89 0.94 1.13 0.56 0.82 0.41 7.31 3.67 -9.68 -0.10 

Japan 0.30 0.16 1.67 0.92 1.01 0.56 3.68 2.02 -4.74 -0.15 

Korea 1.47 0.96 0.65 0.43 1.41 0.93 12.23 7.99 -18.93 -0.17 

Latvia 2.73 2.05 0.55 0.44 0.60 0.46 6.70 5.17 12.81 -0.32 

Lithuania 0.49 0.42 0.51 0.56 0.95 0.85 2.58 2.43 3.80 -0.14 

Luxembourg 0.50 0.70 0.11 0.15 2.05 3.08 5.04 7.29 -31.07 -0.27 

Malta 3.11 1.94 0.51 0.36 1.25 0.97 6.83 4.41 -17.24 -0.11 

Mexico 0.56 0.31 1.08 0.62 3.51 1.99 6.71 3.85 -8.66 0.24 

Netherlands 0.19 0.19 0.03 0.03 0.33 0.32 1.48 1.42 -4.73 -0.14 

Poland 3.89 2.21 2.56 1.62 2.69 1.52 21.39 11.54 -27.17 0.01 

Portugal 1.53 0.97 1.33 0.83 0.44 0.29 0.59 0.36 0.41 -0.41 

Romania          -0.03 

Russia 2.51 1.24 0.11 0.07 0.79 0.40 3.75 1.85 -6.00 -0.63 

Slovak Republic 4.47 3.39 0.47 0.34 2.50 1.97 0.16 0.16 -0.88 0.07 

Slovenia 2.79 2.25 0.27 0.23 1.39 1.15 3.85 3.20 -8.67 0.09 

Spain 0.06 0.03 0.38 0.19 0.28 0.14 9.74 4.74 -14.36 -0.10 

Sweden 0.62 0.48 0.68 0.53 0.54 0.42 2.86 2.23 -7.26 0.05 

Taiwan 0.85 0.64 1.16 0.88 5.42 4.02 9.37 7.00 -15.35 -0.75 

Turkey 7.81 3.21 4.58 1.87 12.20 5.09 19.31 8.04 -20.91 -0.35 

United Kingdom 0.11 0.06 0.04 0.04 0.56 0.34 1.29 0.71 1.11 -0.50 

USA 0.89 0.39 0.06 0.03 0.18 0.08 1.00 0.43 -0.80 -0.72 

Notes: (1) For EA, E c , E g and E b , see Note (3) of Table 2.2;  denotes the average percentage change 

in labor compensation coefficients; corr denotes the correlation coefficient between the change in the 

column sum of the domestic input coefficient matrix and the change in the corresponding labor 

compensation coefficient during 1997-2007; (2) Mean and Std denote the mean and standard deviation of 

the ARDs (%) across all industries, respectively. 
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Table 2.3 shows that, in general, the open and the semi-closed model yield quite similar 

decomposition results for their common factors A , c  and g . For almost all countries, 

the means of the ARDs are less than 5% and show quite small standard deviations. For 

more than half of the countries, the means are even less than 1%. Turkey is the only 

exception where the two models yield significantly different results for the factor g  (i.e. 

other final demand shares). The mean of the ARDs is 12.20%. The reason is that the 

changes in g  caused a substantial increase in the gross output of industries with very 

high labor compensation coefficients, such as Public administration and defence, 

including compulsory social security and Education. This led to a clear increase in total 

labor compensation and as a consequence the feedback loop started to play a role. 

According to the Turkish IO tables, the other final demand shares of these two industries 

increased from 7.33% and 0.34% in 1997 to 13.13% and 5.77% in 2007, which was due 

to a substantial increase in government expenditures (which are part of other final 

demands). The average of the 1997 and 2007 labor compensation coefficients of these 

industries are 0.76 and 0.49, which is much larger than those in other industries.
12

 This 

change in g  thus causes a substantial increase in total labor compensation, which is 

further transmitted in the semi-closed model resulting in additional increases in gross 

outputs. The same applies (albeit to a lesser extent) for the changes in A in Turkey, which 

yields a considerable difference between the models (the mean of the ARDs being 

7.81%). 

For the effects of changes in the labor compensation coefficients b , the magnitude 

of the difference between the two models varies across countries. For China, India, Korea, 

Poland and Turkey, the means of ARDs exceed 10% and also the standard deviations are 

relatively large. For Austria, Brazil, Finland, Germany, Spain, Italy, Latvia, Luxembourg, 

Mexico, Malta and Taiwan, the means of ARDs are all larger than 5% and the standard 

deviations are considerable. However, for other countries, especially Estonia, Hungary, 

Portugal, Slovak Republic and USA, the ARDs are relatively small.  

To analyze the role of changes in the labor compensation coefficients in the 

differences between the two model outcomes, we compute the average percentage change 

                                                             
12 The average labor compensation coefficients of other sectors are 0.16 in 1997 and 0.14 in 2007.  
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in labor compensation coefficients, weighted by the average gross output levels of the 

industries in the 1997 and 2007:    
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with 0b and 1b  the labor compensation coefficient vectors for the initial and final year; 

0x and 1x  the gross output vectors for the initial and final year; 0w  and 1w  the total 

labor compensations for the initial and final year. It can be seen from the results listed in 

the tenth column of Table 2.3 that countries (such as China, India, Korea, Poland and 

Turkey) with large (weighted) average changes in labor compensation coefficients show 

very significant differences in bE between the two models. Oppositely, countries with 

smaller average changes in labor compensation coefficients (such as Estonia, Hungary, 

Portugal, Slovak Republic and USA) show very small differences in bE as obtained by 

the two models. Therefore, when decomposing labor compensation growth, we suggest to 

check first whether the changes in the labor compensation coefficients of large industries 

are substantial and generally have similar signs. If not, it does not matter whether the 

open model or the semi-closed model is used. If these changes are substantial and have 

often the same sign, the semi-closed model is recommended to be used, since it is more 

realistic than the open model by incorporating the income-consumption relationship. 

The analysis of the sources of change in labor compensation over the period 

1997-2007 for the countries included in WIOD suggests that the results obtained in 

Section 2.4 for the specific case of China generally carry over to other countries with 

rapidly decreasing labor compensation coefficients. For such countries, we find that the 

contribution of changes in these coefficients lead to effects that depend quite a bit on the 

type of model used. For countries with labor compensation coefficients that are less 

dynamic than those in China, the choice of underlying model matters much less. 

Generally speaking, we find that the changes in domestic intermediate input coefficients, 

the changes in industry shares in consumption and changes in industry shares in other 

final demand cause rather similar changes in labor compensation levels for both models. 

This does not only apply to China, but to almost all countries analyzed in this section.     
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2.6. The dependency problem: Correlation checks 

 

SDA disentangles the change in a variable (e.g. output) into the contributions of changes 

in each of its determinants (e.g. household consumption). The typical result in this 

example expresses what the output change would have been if only consumption had 

changed as it actually did whilst anything else had remained constant. Dietzenbacher and 

Los (2000) drew attention to the fact that this involves an implicit assumption, namely 

that all determinants are independent. The plausibility of this assumption is checked in 

this section. 

In IO models, domestic input coefficients, import coefficients, the labor 

compensation coefficient and other value added coefficients sum columnwise to 1, which 

holds for each industry. In the present case, the domestic input coefficient matrix A and 

the labor compensation coefficients in b  may not be strictly independent due to this 

adding-up constraint. Dietzenbacher and Los (2000) show that dependencies may cause a 

bias in the results of decomposition analyses and how this can be remedied. The  

magnitude of the dependency between the column sums of A and the corresponding 

elements in b  is uncertain. For instance, a change in the column sums of A  is not 

necessarily related to a change in the labor compensation coefficient, it may be absorbed 

by any of the other factors (import coefficients and/or other value added coefficients). 

Therefore, we check the correlation between the column sums of A  and b  in practice. 

If the correlation is not strong, then the dependency will not affect the accuracy of the 

decompositions.  

 The correlation is first checked for China based on the 1997 and 2007 Chinese IO 

tables obtained from NBS (1999, 2009). We have calculated for each industry j the 

change between 1997 and 2007 in: the jth column sum of A  (i.e. iji a ); the change 

in the jth labor compensation coefficient (i.e. jb ); the change in the jth import 

coefficient (i.e. j , where jjj xm / ); and the jth coefficient for other value added 
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items per unit of gross output (i.e. jv ). Next we have calculated the correlation 

coefficient for any pair of variables, although our prime interest is in the correlation 

between iji a  and jb . The results are given in Table 2.4. 

 

Table 2.4 The correlation coefficients between the changes in coefficients 

(1997-2007) 

 iji a  j  jb  jv  

iji a  1    

j  -0.25 1   

jb  -0.22 -0.28 1  

jv  -0.73 -0.12 -0.29 1 

Note: 
iji

a  denotes the change in the jth column sum of the domestic input coefficient matrix; 
j

  

denotes the change in the jth import coefficient; 
j

b  denotes the change in the jth labor compensation 

coefficient; and 
j

v denotes the change in the jth coefficient for other value added items per unit of gross 

output. 

 

We observe a quite strong negative correlation ( ‒0.73) between the column sums of the 

domestic input coefficient matrix and the other value added coefficients. This implies that 

a decrease in the domestic inputs share of an industry is often counterbalanced by an 

increase in this industry‘s coefficient for other value added items. This coefficient does 

not play a role in our decomposition and will not affect our results. The correlations 

between the changes in other coefficients are all quite small. In particular, the one 

correlation that might have an effect on our results (i.e. between the column sums of the 

domestic input coefficient matrix and the labor compensation coefficients) is only ‒

0.22.
13

 This implies that dependency between determinants is not an issue in our 

decompositions and will not affect their accuracy. We can therefore carry out the 

decompositions in Section 3 without any adaptations (as suggested in Dietzenbacher and 

Los, 2000, for the case when dependencies are present). 

The correlation between the column sums of the domestic input coefficient matrix 

and the corresponding labor compensation coefficients have also been checked for other 

                                                             
13 This correlation coefficient is statistically insignificant at a 5% significance level. 
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countries based on the national IO tables obtained from the WIOD. The results in the last 

column of Table 2.3 indicate that the correlation is quite weak for most countries. 

Therefore, the accuracy of decomposition for these countries will not be affected by the 

dependency issue. However, we also find that some countries such as India, Russia, 

Taiwan and USA show strong negative correlations. This implies that for these countries 

changes in the domestic inputs share of an industry is often counterbalanced by changes 

in this industry‘s labor compensation coefficient. Most probably, this is due to the fact 

that most of these countries are big economies that do not depend very much on imports. 

Small import coefficients cannot absorb large changes in the domestic input coefficients, 

as a consequence of which the labor compensation coefficients are likely to absorb more 

of these changes. In this situation, the accuracy of decomposition for these countries will 

be affected by the strong correlations. If the decomposition for these countries is of 

interest, the dependency issue is suggested to be tackled following Dietzenbacher and Los 

(2000). 

 

2.7. Conclusions 

 

The standard open input-output model takes household consumption exogenous, whereas 

it is endogenized in the semi-closed IO model. Production leads to labor compensation 

which is then fed back to households which leads to consumption. This 

industry-households linkage provides an extra channel in the semi-closed model when 

compared to the open model. In impact analyses, for example, the outcomes of the two 

models have been found to be rather different. The question we have addressed in this 

chapter is whether this also applies to structural decomposition analyses (to determine 

how much of the change in an endogenous variable is due to the change in each of the 

constituent exogenous factors). To this end we have decomposed the growth between 

1997 and 2007 in industry output levels and in labor compensation levels for China and 

for 35 other countries, using both models. 

First, we found for the decomposition of gross output growth in China that the open 

model and the semi-closed model yielded very similar results for the factors that the 
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models have in common. These are: the changes in the domestic input coefficients matrix; 

the changes in the vector with consumption shares; and the vector with shares for other 

final demands (including government expenditures, exports, and investments). The 

decomposition analyses for 35 other countries showed this finding to hold in general. 

Hence, when decomposing gross output growth, for the common factors it does not 

matter whether the semi-closed model or the open model is used. A difference between 

the two models is that in the semi-closed model also the changes in labor compensation 

coefficients contribute to gross output growth (through the feedback effects that are not 

present in the open model). This contribution turned out to be quite significant in the 

study for China.  

Second, in the decomposition of labor compensation growth, the magnitude of the 

difference between two models regarding the effects of changes in labor compensation 

varied across countries. When the direct effect of changes in labor compensation 

coefficients on total labor compensation were sizable, both models yielded significantly 

different results, otherwise the differences were very small. The reason is that the direct 

effect on total labor compensation (which is also captured by the open model) is further 

enlarged by the feedback loops in the semi-closed model. Then, the level of this direct 

effect play an important role in determining the difference between the two models. 

Hence, for the decomposition analysis of labor compensation growth, a simple check on 

the direct effect of changes in labor compensation coefficients on total labor 

compensation is suggested to be done first. If this direct effect is sizable, then the 

semi-closed model is recommended to be used since it is more realistic than the open 

model by incorporating the income-consumption relationship.  

In summary, these findings give some implications for model selections between 

the open model and the semi-closed model in the practice of SDA. For the decomposition 

of gross output or gross output related variables (such as CO2 emissions, imports), if only 

the contribution of common factors (i.e. the domestic input coefficient matrix, the 

consumption share vector, the other final demand share vector) in both models is of 

interest, it does not matter whether the open model or the semi-closed model is used. For 

the decomposition of labor compensation, if the contribution of changes in labor 

compensation coefficients is of interest and its direct effect on total labor compensation is 
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sizable, then an SDA of the semi-closed model is recommended. This is because on the 

one hand the semi-closed is more realistic than the open model by incorporating the 

income-consumption relationship and on the other hand because an SDA of the open 

model will yield significantly different results. However, we should notice that in some 

cases the semi-closed model based SDA could suffer from serious dependency issues. In 

this situation, further treatments as suggested by Dietzenbacher and Los (2000) are 

required to tackle the dependency issue.    
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Appendix 

 

Appendix 2.1  

Detailed decomposition equations 

 

The decomposition of labor compensation growth in the open model 

The ―ordering‖ of the decomposition for labor compensation growth is 

  bgcA , which yields 
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The “mirror” decomposition of labor compensation growth in the open model 

The ―mirror‖ decomposition is based on the ordering   Acgb , 

which yields 
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Taking the geometric average of these ―mirror‖ decompositions gives: 

 

The effect of a change in  : E 01 /)a2.1.2(A)a1.1.2(A  ; 

the effect of changes in A : AE )b2.1.2(A)b1.1.2(A  ; 

the effect of changes in c : cE )c2.1.2(A)c1.1.2(A  ; 

the effect of changes in g : gE )d2.1.2(A)d1.1.2(A  ; 

the effect of changes in b : bE )e2.1.2(A)e1.1.2(A  ; 

the effect of a change in  : E )f2.1.2(A)f1.1.2(A  . 

 

The ―mirror‖ image of the decomposition for the semi-closed model in Equations (2.11), 

is based on the ordering  Acgbr  and yields: 
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Taking the geometric average of the ―mirror‖ decompositions in (2.11) and (A2.1.3) 

gives: 
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The effect of a change in  : E 01 /)a3.1.2(A)1.11(  ; 

the effect of changes in A : AE )b3.1.2(A)2.11(  ; 

the effect of changes in c : cE )c3.1.2(A)3.11(  ; 

the effect of changes in g : gE )d3.1.2(A)4.11(  ; 

the effect of changes in b : bE )e3.1.2(A)5.11(  ; 

the effect of a change in r : Er )f3.1.2(A)6.11(  . 
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Appendix 2.2   

The industry classification for Chinese input-output tables 

 

Industry code Industry 

1 Agriculture 

2 Coal mining, washing and processing 

3 Crude petroleum and natural gas products 

4 Metal ore mining 

5 Non-ferrous mineral mining 

6 Manufacture of food products and tobacco processing 

7 Textile goods 

8 Wearing apparel, leather, furs, down and related products 

9 Sawmills and furniture 

10 Paper and products, printing and record medium reproduction 

11 Petroleum processing, coking and nuclear fuel processing 

12 Chemicals 

13 Nonmetal mineral products 

14 Metals smelting and pressing 

15 Metal products 

16 Common and special equipment 

17 Transport equipment 

18 Electric equipment and machinery 

19 Telecommunication equipment, computer and other electronic equipment 

20 Instruments, meters, cultural and office machinery 

21 Art and craft and other manufacturing  products 

22 Scrap and waste 

23 Electricity and heating power production and supply 

24 Gas production and supply 

25 Water production and supply 

26 Construction 

27 Transport and warehousing 

28 Post 

29 Information communication, computer service and software 

30 Wholesale and retail trade 

31 Accommodation, eating and drinking places 

32 Finance and insurance 

33 Real estate 

34 Renting and commercial service 

35 Research and development 

36 General technical services 

37 Water conservancy, environment, and public accommodation management 

38 Household service and other social services 

39 Education 

40 Health service, social guarantee and social welfare 

41 Culture, sports and amusements 

42 Public management and social administration 
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Appendix 2.3  

Labor compensation adjustment in the 1997 and 2007 Chinese IO tables 

 

Let aw~  denote the labor compensation of the agricultural industry as it is listed in 

the 2007 table, let k denote the operating surplus of state-owned and collectively-owned 

farms, and let ax  denote the gross output of the agricultural industry. In this case, the 

operating surplus should be subtracted from the compensation listed in the table. The 

labor compensation of agriculture in 2007 ( 2007

aw ) is thus  obtained as: 

 

2007

2002

2002
20072007 ~

a

a

aa x
x

k
ww   

 

An implicit, underlying assumption is that the ratio between the operating surplus 

of state-owned and collectively-owned farms and the gross output of the agricultural 

industry in 2007 is approximately the same as in 2002.
14

 Another assumption is that the 

share of state-owned and collectively-owned farms in the gross output of agriculture is 

the same. According to the China Statistical Yearbook (NBS, 2008), the gross output 

share of state-owned farms did not change much (2.65% in 2002 and 2.97% in 2007).  

For the non-agricultural industries, the income of self-employed individuals should 

be added to the labor compensation as listed in the 2007 IO table (which includes only 

compensation of employees). Let 
2007~
naw  denote the vector of compensation of employees 

in non-agricultural industries. The labor compensation vector in 2007 ( 2007

naw ) is then 

obtained as: 

 

2004200720072007 y~ sww  nana  

                                                             
14 Chinese IO tables are available for 1997, 2002, and 2007. We have used 2002 rather than 1997, because it is closer 

to 2007 (and prior to 2004). 
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where 
2007y  is the total non-agricultural income of self-employed individuals and 

2004
s  

is a vector of self-employed income shares in 2004 (
2004

is  gives the share of 

non-agricultural industry i in total non-agricultural income of self-employed). In 2004, 

the first National Economic Census was conducted in China, based on which the NBS 

published the income of self-employed individuals by industries. The calculation above 

assumes that the industry income shares of self-employed in 2007 are similar to those in 

2004. This assumption seems strong, but cannot be circumvented due to a lack of data. 
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Appendix 2.4  

The decomposition of the growth in household consumption 

 

Using the inverse of a partitioned matrix, Equation (2.4) can be written as 
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where 
1 A)(IL  and icC  r . The expression for the vector with household 

consumptions is 

 

gLbicLb(IicLgbicLb(IicLgbLC)bC(ICwc
1 ˆ)ˆˆ)ˆˆˆ 11   rrrr     (A2.4.2) 

 

Note that (A2.4.2) can be written as cc  , with gLbicLb(Ii ˆ)ˆ 1 rr  a scalar. 

This implies that the contribution of a change in μ , a change in r, changes in A (or in L), 

changes in b, and changes in g , all run through the scalar γ . This also implies that, for 

example, changes in A have the same effect on changes in the household consumption of 

products from industry i (i.e. ic ) as products from industry j (i.e. jc ).  

Then the household consumption growth can be expressed as: 
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The ―mirror‖ decomposition of household consumption growth 
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Taking the geometric average of the ―mirror‖ decompositions in (A2.4.3) and (A2.4.4) 

gives: 

The effect of a change in  : E 01 /).4.4a2A().4.3a2A(  ; 

the effect of a change in r : Er ).4.4b2A().4.3b2A(  ; 

the effect of changes in c : E c ).4.4c2A().4.3c2A(  ; 

the effect of changes in b : E b ).4.4d2A().4.3d2A(  ; 
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the effect of changes in A : E A ).4.4e2A().4.3e2A(  ; 

the effect of changes in g : E g ).4.4f2A().4.3f2A(  . 

In the semi-closed model, the factors A , r, b  and g  affect household 

consumption through their effect on the total labor compensation of the households. Note 

that they exert a uniform effect (just like the scale effect does) on consumption. Table 

A2.4.1 shows that b̂  had a significantly negative effect, which was caused by the 

widely decreasing labor compensation coefficients between 1997 and 2007. Both r and 

g  have slightly negative effects, whereas A  has a slightly positive effect. 

The vector c  with consumption shares affects the consumption of products at the 

industry level. Observe that huge increases have taken place in the consumption of 

products from Petroleum processing, coking and nuclear fuel processing (industry 11, 

consumption increased by 1473%) and Information communication, computer service 

and software (industry 29, 1157% increase). Next to the scale effect which contributed a 

uniform 358% increase in household consumption, the shares of petrol and ICT in the 

consumption bundle have largely increased and generated enormous effects (increasing 

consumption by 437% for industry 11 and by 329% for 29). Part of these effects (in 

particular the scale effect) were caused by price increases, of course. At the same time, 

the effects of changing consumption shares are in line with the intuition. Increasing 

wealth led households to increase the consumption share of petrol (for driving a larger 

number of motor vehicles), cell phones and computers. The development of information 

communication also led to a dramatic decrease in the demand for postal services (which 

would have decreased the consumption for Post, industry 28, by 81%). With the 

improvement of people‘s living standard, also the shares in total household consumption 

of Textile goods (industry 7) and Agriculture (industry 1) decreased and led to 

considerable negative effects on the growth of consumption for products of these 

industries.   
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Table A2.4.1 The decomposition results for household consumption growth 

Industry 
Consumption 

growth  
E c  

1 1.05 0.36 

2 2.26 0.77 

6 2.19 0.75 

7 0.69 0.24 

8 2.46 0.84 

9 1.32 0.45 

10 1.61 0.55 

11 15.73 5.37 

12 2.25 0.77 

13 0.53 0.18 

15 1.50 0.51 

16 1.38 0.47 

17 4.31 1.47 

18 1.92 0.66 

19 2.41 0.82 

20 2.11 0.72 

21 3.14 1.07 

23 5.60 1.91 

24 4.12 1.40 

25 3.72 1.27 

27 3.72 1.27 

28 0.55 0.19 

29 12.57 4.29 

30 3.92 1.34 

31 5.01 1.71 

32 4.51 1.54 

33 7.03 2.40 

34 4.30 1.47 

37 2.11 0.72 

38 7.32 2.50 

39 8.13 2.77 

40 5.47 1.87 

41 1.99 0.68 

Uniform effects 

 Eμ 4.58 

 EA 1.01 

 Er 0.95 

 Eb 0.72 

 E g  0.94 

 Eμ 4.58 

 Note: Reported are only the results for industries that provide consumption products. 

 

 



 

Chapter 3 

Evaluating the short run effect of the 4 trillion yuan stimulus package 

on China’s GDP 

 

 

3.1. Introduction 

 

In 2008, the global financial crisis had a large negative impact on economic growth and 

employment in China. China's GDP growth decreased from 14.2% in 2007 to 9.6% in 

2008 in real terms (NBS, various years), and according to a survey conducted by the 

National Bureau of Statistics of China (NBS), nearly 14 million workers from rural areas 

lost their jobs in cities and returned to their hometowns.
15

 To alleviate the recessionary 

impact of this global financial crisis on growth, the Chinese central government 

announced a stimulus package in the fourth quarter of 2008. The announced package 

involved additional investments amounting to 4 trillion yuan, to be injected into the 

economy from the fourth quarter of 2008 till 2010. Most of the investment projects would 

focus on infrastructure construction. According to NBS (various years), GDP growth 

remained stable in 2009 (at 9.2%), but picked up considerably in 2010 (to almost 10.6%). 

In 2011, however, GDP growth slowed down again, to slightly more than 9%. These 

growth rates suggest that the stimulus package has had a short-run effect indeed, but it is 

hard to isolate the effects of the package from the consequences of other sources of 

change, both within and outside China. Hence, we will ―predict‖ the effects, using data 

about the Chinese economy just before the start of the crisis and relate the outcomes of 

this predictive analysis with the actual growth rates reported above. This yields insights 

into the most likely contribution of the stimulus policy.
16

    

                                                             
15Data source: the website of NBS, http://www.stats.gov.cn/ztjc/ztfx/fxbg/200903/t20090325_16116.html. 
16 He et al. (2009) estimated the effects ex ante, but used a model in which a number of key relationships between 

production and income were missing. Furthermore, given the timing of their study, comparing their predictions to 

actual outcomes was impossible. 
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Viewed from the demand side, the investments in infrastructure must directly have 

led to higher output levels of the construction industry and those industries related to 

equipment and instruments. Furthermore, these higher output levels in their turn 

increased the outputs of other industries, via backward interindustry linkages. Because of 

the increase in household income during this stimulus process, more household 

consumption was induced, driving the output of production sectors up further. Hence, in 

the short run, the massive stimulus package might have driven China‘s GDP growth to a 

considerable extent. On the other hand, this stimulus package also led to increased 

imports, of intermediate inputs, capital goods and consumer products. Hence, part of the 

effect of the stimulus package will have leaked to foreign countries. In addition, 

households might have had expectations that their future income would be affected 

negatively by this stimulus package. For instance, households may have anticipated that 

the government will increase tax rates in the future, to balance the fiscal deficit caused by 

the stimulus package. Thus, part of the effect of this stimulus package might also have 

ended up in savings accounts. 

In this chapter, we attempt to arrive at sensible indications of the short-run effects 

of the stimulus package. Instead of relying on macroeconomic information, we construct 

our estimates of the change in China's GDP on the basis of industry-level indicators. 

These are based on input-output tables and associated models, which allow for careful 

consideration of the particular composition of the stimulus package and the indirect 

effects that it might have evoked. Input-output models also yield estimates of the import 

leakage effect described above. With regard to savings leakage effects, we think that 

traditional input-output models are less insightful. In the popular static open model, 

household consumption (and therefore savings) levels are completely insensitive to 

changes in disposable income, while the so-called semi-closed input-output model 

assumes that current consumption is totally determined by current income (see, e.g., 

Miyazawa, 1976; Batey et al., 1987; Dietzenbacher and Günlük-Senesen, 2003; and Yang 

et al., 2008).
17

 According to widely accepted theories about consumption behavior (such 

as the relative income hypothesis and the life cycle-permanent income hypothesis), 

                                                             
17 He et al. (2009) predicted the output and employment effects of the Chinese stimulus package by means of the static 

open input-output model. 
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household consumption is also determined by past consumption levels, expectations 

about future income and many other factors. Therefore, semi-closed input-output models 

are likely to overestimate linkages between the household sector and the production 

sector, which leads to an upward bias in predictions of GDP growth. 

To address this problem, we develop a new model, which reconciles input-output 

analysis with consumption theory. In our new framework, household consumption is split 

into endogenous consumption and exogenous consumption. Endogenous consumption is 

determined by current household income, while exogenous consumption is not. We 

assume that the stimulus package only led to changes in endogenous consumption levels 

and the associated output increases. 

The remainder of this chapter digs deeper into the advantages and disadvantages of 

the semi-closed input-output model (Section 3.2), describes the construction of our new 

model (Section 3.3) and the econometrics required to operationalize the distinction 

between endogenous and exogenous consumption (Section 3.4). Next, in Section 3.5, the 

model is linked to data on China‘s input-output structure and the level and composition of 

its household consumption, to predict the short-term impact of the 4 trillion yuan stimulus 

package on China‘s GDP. Section 3.6 concludes.   

 

3.2. The semi-closed input-output model 

 

The traditional input-output model can be expressed as )()( 1
efcAIx  

, where x

represents the gross output vector, A  stands for the domestic input coefficients matrix, 

c  is the household consumption vector, f  represents the vector of domestic final 

demands other than household consumption, e  is the vector with (gross) exports, and I  

is the identity matrix of appropriate dimensions.
18

 In the traditional input-output model, 

household consumption is treated as an exogenous final demand category, so there is no 

linkage between the household sector and the production sector. In reality, however, the 

                                                             
18 Throughout the chapter, bold capital symbols represent matrices and bold lowercase symbols stand for column 

vectors. The number of elements in a vector or the columns of matrices is identical to the number of industries 

discerned. Scalars are indicated by italicized lowercase symbols. 
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household sector is closely related to the production sector via an income-consumption 

relationship. Households earn income from the production sector and spend this on the 

products produced by the production sector. The Leontief inverse matrix 
1)( AI  as 

calculated in the traditional static open input-output model takes all linkages between 

production sectors into account, but does not consider the link from income to 

consumption.  

To incorporate the income-consumption relationship into input-output models, 

many researchers have studied the semi-closed input-output model. In this model, the 

household sector is moved into the intermediate deliveries matrix and treated as an 

endogenous sector. The inputs of this sector are consumption commodities and its output 

is labor. According to Miyazawa‘s formulation (Miyazawa, 1976), the basic structure of 

the semi-closed input-output model is as follows: 

 

















 



















 110 nn xhx

xefx

w

αA
                         (3.1) 

 

Like in the static open model, nnija  )(A  is still the matrix of domestic input 

coefficients, 1)(  nixx  is the vector of gross outputs of production sectors, 1x)( niff  

is the vector of domestic final demands other than household consumption (including 

government consumption and investment demand, among other things), and 1x)( niee  

is the vector of exports. The household sector enters the semi-closed model as the (n+1)th 

industry: 1nx  is total household income, h  is the exogenous income of the household 

sector, 1)(  niα  is the vector of consumption coefficients, and 1)(  njww  is the 

vector of  labor input coefficients.
19

 The consumption coefficients i  are defined as 

1 nii xc , where ic  is consumption of the household sector of the products 

                                                             
19 In Miyazawa‘s model, w is a vector of value added ratios. According to Miller and Blair‘s (2009) description of 

Miyazawa‘s model, w  is as a vector of labor compensation coefficients, i.e. a vector of wage bills by industry over 

gross output levels by industry. The difference is mainly due to capital income. In the case of China, a relatively large 

part of capital income is earned by foreign investors. Therefore, it will not play an important role in consumption 

decisions by Chinese households. 
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produced by industry i . The labor input coefficients are defined as 
jjj xhw  , where 

jh  represents the labor compensation paid by industry j . 

Previous studies have pointed out that actual household consumption behavior is 

not accurately described by this model, because the consumption coefficients are 

assumed constant and differences between consumption patterns of different types of 

households are ignored (see, e.g., Batey et al., 1987; Batey and Weeks, 1989; Cloutier 

and Thomasin, 1994; Wakabayashi and Hewings, 2007; Miller and Blair, 2009). First, the 

constant consumption coefficients reflect the assumption that the household sector will 

spend constant proportions ( i ) of additional income on product i, irrespective of the 

additional amount of household earnings. This is a quite strong assumption, since it does 

not distinguish between ―income to new earners‖ and ―additional income to existing 

earners‖, while many empirical studies on Engel‘s Law show that consumption patterns 

vary across households with different characteristics, such as income level and age.
20

  

We feel that the semi-closed input-output model features another limitation, to 

which much less attention has been paid. In the semi-closed input-output model, 

household consumption is fully endogenized (i.e., the consumption coefficients are 

defined as 1 nii xc ). Household consumption is assumed to be determined by 

current income only. Several well-accepted theories about consumption behavior, 

however, argue that current consumption is not only determined by the current income, 

but also by a variety of other factors. For instance, according to Duesenberry‘s (1949) 

relative income hypothesis (RIH), current consumption is also affected by previous 

consumption peaks, because consumption behavior is quite ―irreversible‖ over time: it is 

often difficult for a household to reduce its consumption level once it has been attained. 

According to the life cycle/permanent income hypothesis (LCPIH), developed by 

Friedman (1957), Ando and Modigliani (1963), and Hall (1978), consumers are 

forward-looking. They can advance or defer consumption depending on their plans and 

                                                             
20 An approach to address this problem is to disaggregate the household sector into several groups according to specific 

characteristics. For example, the household sector could be disaggregated into groups based on income levels (see e.g. 

Cloutier and Thomasin, 1994). Income mobility should be taken into account in this situation, since economic growth 

induced by an increase in government spending might lead to households shifting from one income-specific group to 

another. 
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expectations, so as to maximize their utility levels intertemporally. The Miyazawa model 

is not consistent with these consumption theories. Using this model will most likely lead 

to an overestimated linkage between the household sector and the production sector. 

Hence, results regarding output and employment effects of exogenous shocks will most 

probably be biased in an upward sense as well. 

This suggests that estimating the impacts of the massive stimulus package of the 

Chinese government requires the development of a new model, which reconciles 

input-output analysis with modern consumption theory. To do this, aggregate household 

consumption should be decomposed into an endogenous component and an exogenous 

component. The former is determined by current income, and the latter is determined by 

other factors. Only endogenous consumption should be incorporated into the matrix with 

input coefficients. 

 

3.3. A new semi-closed input-output model 

 

As we discussed in the previous section, disaggregating the household sector into 

different groups has been a topic of a substantial number of studies already. Hence, we 

will not focus on this issue. Our model assumes that there is only one household, which 

acts as a representative agent. 

 

3.3.1. Framework 

Implementing input-output models empirically requires the availability of input-output 

tables. Table 3.1 illustrates the expanded input-output table needed to develop the model 

that we propose in this chapter. 
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Table 3.1 Schematic representation of the expanded input-output table 

 

 

 

Industries 
Household 

sector 

Other 

domestic final 

demands 

Exports 
Exogenous 

income 

Gross 

output 

1 2 … n 

Industry 1 

nnijz  )(Z  

enc1
 exc1

 
1f  1e   1x  

Industry 2 
enc2

 exc2
 

2f  2e   2x  

… … … .. …  … 

Industry n 
en

nc  ex

nc  
nf  ne   nx  

Household sector 
1h  

2h  … nh      h  1nx  

Other value 

added 1v  
2v  … nv        

Imports 
1m  

2m  … nm  en

mc  ex

mc  
mf     

income tax and 

Saving of 

household 
    v      

Gross input 
1x  

2x  … nx  1nx      

 

A first important feature is that imports are excluded from the intermediate input flows, 

household consumption, and other final demand. This distinction between flows of 

domestically produced and imported products is necessary to avoid a situation in which 

effects of the stimulus package as observed in other countries would inadvertently be 

included in effects on the Chinese economy. nnijz  )(Z  stands for the matrix of 

deliveries of domestically produced intermediate inputs. ijz  thus gives the value of the 

shipments of Chinese industry i to Chinese industry j. jm  represents the aggregated 

value of all products imported by industry j . 

The second aspect of the input-output table as depicted in Table 3.1 deserving 

specific attention is the representation of household consumption. As argued in the 

previous section, we partially decouple consumption growth and income growth, by 

distinguishing between endogenous consumption and exogenous consumption. This 

distinction is reflected in the inclusion of two columns for household consumption, rather 

than the single column c  in Section 3.2. Hence, en

ic  and ex

ic  indicate the values of 

endogenous consumption and exogenous consumption of products delivered by domestic 

industry i to domestic consumers, respectively. In a similar vein, en

mc  and ex

mc  represent 

the endogenous and exogenous household consumption of imported products. 
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The remaining columns are less specific to our use of input-output tables. if  

gives the value of the products of domestic industry i used for final demand other than 

household consumption, while mf  is its counterpart related to other final demand for all 

imported products taken together. ie  is the exports of industry i and ix  stands for the 

gross output of industry i. 

In the rightmost column, 1nx  is total household income.
21

 It is composed of the 

sum over jh (the endogenous labor income of the household sector earned in industry j ) 

and h  (the exogenous income of the household sector). Exogenous income is income 

not related to production in the accounting period for which the input-output table is 

constructed. Income from wealth and income from transfers are important sources of this 

type of income. Endogenous income is income from labor compensation related to 

production. Labor compensation includes compensation of employees and income of 

self-employed individuals, like shop-owners and farmers. 

jv  is ―other value added‖ generated in industry j . It equals the value added of  

industry j  minus labor compensation jh . v  stands for the income taxes and savings of 

the household sector. It equals total household income minus aggregate household 

consumption (both endogenous consumption and exogenous consumption).
22

  

 

3.3.2. Model 

From Table 3.1, we can derive the following accounting identities for the production 

sector and the household sector: 

 

                                                             
21 To be consistent with the input-output accounting table for China, all income concepts used in this chapter refer to 

gross incomes before tax. In Table 3.1, taxes on income are part of xn+1. 

22 In the analytical framework deployed by others (see Cloutier and Thomasin, 1994; Miller and Blair, 2009), there are 

positive values in the shaded area of Table 3.1. They define these as household purchases of labor services. However, 

we set them to 0 in our framework, since a separate industry labeled household service and other social services is 

included in the Chinese input-output tables. Household purchases of labor services are captured by labor compensation 

in this industry. In Section 3.4, we will describe in detail how to construct the row flows and the column flows for the 

household sector in our new framework. 



Evaluating the short run effect of the 4 trillion yuan stimulus package on China‘s GDP  67 

 

 

iii

ex

i

en

i

n

j

ij xefccz 
1

    )2,1( ni               (3.2) 

1

1





 n

n

j

j xhh                                     (3.3) 

jjjj

n

i

ij xvhmz 
1

      )2,1( nj                     (3.4) 

1

11





  n

ex

m

n

i

ex

i

en

m

n

i

en

i xvcccc                      (3.5) 

 

Equation (3.2) expresses that the gross output ( ix ) of each industry is sold to one of the 

following use categories: intermediate use ( ij

n

j z1 ), endogenous consumption ( en

ic ), 

exogenous consumption ( ex

ic ), other domestic final demands ( if ), or exports ( ie ). 

Equation (3.3) indicates that the sum of endogenous income ( j

n

j h1 ) and exogenous 

income ( h ) equals total income ( 1nx ). Equation (3.4) states that the value of gross output 

( jx ) of each industry consists of the value of domestic intermediate inputs ( ij

n

j z1 ), 

imported intermediate inputs ( jm ), and compensation for primary inputs ( jj vh  ). 

Equation (3.5) indicates that total household income ( 1nx ) flows to household 

consumption ( ex

m

ex

i

n

i

en

m

en

i

n

i cccc   11 ), and income taxes and savings ( v ). 

We can derive our model from Equations (3.2) and (3.3). Before doing so, we 

introduce some notation: 

nnija  )(A  is a matrix of domestic input coefficients: jijij xza  ; 

1)(  njww  is a column vector of endogenous income coefficients: jjj xhw  ; 

1)(  niα  is a column vector of the endogenous consumption coefficients for 

domestic products: 1 n

en

ii xc ; 

1)(  nigg is a column vector of the exogenous final demands for domestic products, 

with ii

ex

ii efcg  .  
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Equations (3.2) and (3.3) can now be expressed as: 
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In matrix form, this reads as: 
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Solving Equation (3.7) yields the final model: 
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3.3.3. Multipliers 

Some useful multipliers can be obtained by calculating the extended Leontief inverse 

matrix *
L . *

L can be expressed as (see, for example, Luptacik and Böhm, 1999): 
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where
1)(  AIL . The vector of output multipliers )](,),(),([)( 21 omomomo nm  

can be obtained by summing over the cells in a column of 
*

11L , that is, 
*

11Li .
23

 )(om j

indicates the gross output of all industries taken together required to satisfy one unit of 

                                                             
23 In this chapter, )1,,1,1(

'
i denotes a summation vector of appropriate length. 
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exogenous final demand for the output of industry j . Similar to 
*

11Li , 
*

12li  indicates the 

gross output of all industries induced by one unit of exogenous income of the household 

sector; we define it as the ―income-driven gross output multiplier‖. The jth element of the 

―multi-sector income multiplier‖ vector 
*

21l  indicates the total household labor income 

(earned in all production industries) induced by one unit of exogenous final demand for 

the products of industry j . 
*

22l  indicates the total household income induced by one unit 

of exogenous income of the household sector. The endogenous consumption multiplier 

matrix can be expressed as ILwαIαlM  1*

21 )()(enc . The element )(encmij  in 

)(encM  gives the household consumption of industry i‘s products induced by one unit 

of exogenous final demand for industry j‘s products. 

Finally, the value added multiplier matrix is given by 
*

11
ˆ)( LωM  , where ω̂  is 

a diagonal matrix, which contains the elements of the value added coefficient vector 

])(,,)(,)([ 222111 nnn xhvxhvxhv  ω  on its main diagonal. The element ( )ijm 

in )(M  indicates the total (both direct and indirect) value added in industry i caused by 

a unit of exogenous final demand for the products of industry j . We will use this 

multiplier to estimate the short-run effect of the stimulus package on China‘s GDP.  

3.3.4. A decomposition of consumption 

To make our model operational, we need a specific consumption decomposition formula 

that should enable us to split household consumption into endogenous consumption 

determined by current household income) and exogenous consumption (determined by 

other factors).  

According to the relative income hypothesis (RIH), the lifecycle/permanent income 

hypothesis (LCPIH) and related theories, there are many other factors influencing 

aggregate consumption besides current income. Examples are past consumption levels 

(Duesenberry, 1949; Dennis, 2009), expected future income (Carroll, 1994; Muellbauer 

and Lattimore, 1999; Luengo-Prado and Sørensen, 2008), interest rates (Attanasio and 

Weber, 1993; Erlandsen and Nymoen, 2008), and demographic issues such as the age 

structure of the population (Erlandsen and Nymoen, 2008). Moreover, studies on 
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consumer preferences (e.g., Clements and Selvanathan, 1994; Barnett and Serletis, 2008) 

show that commodity prices and consumers‘ tastes play important roles in determining 

the shares of product categories in consumption budgets.   

Taking these insights on board, we specify the consumption decomposition formula 

as: 
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)1(),,,,,~(                             (3.10) 

itc  is the aggregated household consumption of product i. it and tnx )1(   have been 

defined already as the endogenous consumption coefficient of product i and the total 

household income, respectively. Together, they determine endogenous consumption en

itc . 

The second equation in (3.10) indicates that the endogenous consumption coefficient it  

depends on the expectations of households regarding their future incomes e~ , on the 

interest rate r , the demographic characteristics summarized in d , the commodity price 

index p , a taste parameter  , and other factors. Since these variables change over time, 

the endogenous consumption coefficients it  also vary over time. As discussed in 

Section 3.2, it has proven difficult for households to reduce consumption levels once 

attained, so previous consumption peaks are an important determinant of the current 

consumption. Since aggregate consumption is usually growing, we use consumption in 

the previous year  )1( tic  as a measure of the most recent consumption peak. i , which 

is assumed to be stable over time, determines the effect of the previous consumption peak 

on current household consumption. i , )1( tic  and a random error term it  together 

determine exogenous consumption ex

itc . 

The estimation of the function it  is key in giving the consumption decomposition 

formula empirical content. Some of its determinants are unobservable and it is difficult to 

find good proxy variables for these. Moreover, its functional form is difficult to specify, 

because it is not clear how households weight changes in the relevant variables and 

whether interaction terms between them play a role. Considering these difficulties, we 
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assume that households have rational expectations on the influencing factors (i.e. e~ , r , 

d , p ,  , …) of the endogenous consumption coefficient. This assumption states that 

households use all available information up to now to make optimal forecasts on the 

future dynamics of the influencing factors. At any time, households choose endogenous 

consumption coefficients based on their current expectations on the future levels of the 

influencing factors to maximize their utility of the whole life. Households change the 

endogenous consumption coefficient only when they receive new (unpredictable) 

information which changes their expectations on the influencing factors. The rational 

expectations assumption implies that the endogenous consumption coefficient follows a 

random walk process: ititit   1 , ),0(~ 2

i
NIIDit  (Hall, 1978; Mankiw, 2010). 

The new information which changes households‘ expectations on the influencing factors 

is unpredictable, which is thus modeled by the white noise ),0(~ 2

i
NIIDit  . 

Given the above specifications, the consumption decomposition formula can be 

estimated applying a maximum likelihood estimation method with the Kalman filter (see 

Appendix 3.1) on the time varying parameter model in Equation (3.11): 
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1
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                        (3.11) 

 

It consists of the ―measurement equation‖ ittiitnitit cxc    )1()1(  and the 

―transition equation‖ ititit   1 , in which it  and it  are assumed to be mutually 

serially independent Gaussian disturbances. The measurement equation defines how the 

measurements (i.e., the consumption itc ) are derived from the unobserved state (i.e., the 

endogenous consumption coefficient it ). The transition equation explains how the 

unobserved state (i.e., the endogenous consumption coefficient) evolves over time. As 

discussed before, we assume that it follows a random walk process.
24

 Our target is to 

discover the unobserved state ( it ) from the noisy measurements ( itc ). Based on 

                                                             
24 In reviewing empirical results obtained by means of the Kalman filter, Engle and Watson (1987) found that the 

simple random walk specification for the transition equation performs well in forecasting the dependent variable of the 

measurement equation for many datasets.  
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estimated results, we can easily obtain the endogenous consumption 1
ˆ

 nit

en

it xc  (i.e., the 

consumption determined by current household income and endogenous consumption 

coefficient together) and the exogenous consumption en

itit

ex

it ccc   (i.e., the 

consumption determined by other factors). 

 

3.4. The implementation of the new model for China 

 

3.4.1. Endogenous consumption coefficients for broad consumption categories  

In order to estimate both parts of Equation (3.11), time series data are needed. These 

cannot be found in input-output tables, since such tables are published in China only once 

every five years. The household survey data in China Statistical Yearbook (NBS, various 

years), however, provides annual data about per capita income levels for both rural and 

urban households, and expenditures of these households on eight consumption categories: 

food; clothing; housing; home equipment, facilities and services; health and medical care; 

transportation and communication; education, cultural and recreational services; and 

miscellaneous goods and services.  

To arrive at endogenous consumption coefficients for these eight categories, we 

process the data in two steps. First, we multiply per capita urban household income and 

rural household income with the number of urban and rural inhabitants, respectively, and 

add the two results to obtain total household income. In the same sense, the total 

expenditures by households on each of the eight consumption categories can be obtained. 

These variables are needed in Equation (3.10). Second, in order to make data for different 

years comparable, we deflate demand for each consumption category by its 

corresponding consumer price index, and total household income by the aggregate 

consumer price index. 

Based on the processed data, we estimate the time-varying parameters model 

(Equation 3.11) for each consumption category separately, by means of the maximum 

likelihood estimation method with a Kalman filter (see Appendix 3.1). 
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Table 3.2 Estimated results for the consumption decomposition formula 
 F C H HFS HM TC ECR M AC 

î  0.500 0.395 0.708 0.282 0.523 0.926 0.653 0.785  

it̂ : 

1989 0.221 0.054  0.051      

1990 0.252 0.057  0.051      

1991 0.238 0.062  0.053      

1992 0.220 0.064  0.054      

1993 0.223 0.069 0.029 0.056   0.020   

1994 0.204 0.070 0.029 0.059 0.013 0.009 0.022  0.405 

1995 0.198 0.070 0.030 0.059 0.014 0.009 0.024  0.404 

1996 0.191 0.070 0.029 0.061 0.016 0.010 0.025  0.400 

1997 0.181 0.060 0.029 0.060 0.016 0.011 0.027  0.383 

1998 0.172 0.052 0.029 0.059 0.016 0.013 0.030  0.371 

1999 0.171 0.053 0.029 0.060 0.018 0.016 0.032 0.0068 0.385 

2000 0.168 0.055 0.028 0.060 0.023 0.019 0.033 0.0092 0.396 

2001 0.159 0.057 0.028 0.059 0.022 0.020 0.031 0.0074 0.383 

2002 0.159 0.058 0.026 0.057 0.025 0.023 0.033 0.0063 0.387 

2003 0.143 0.058 0.025 0.056 0.024 0.024 0.031 0.0047 0.365 

2004 0.138 0.060 0.024 0.055 0.025 0.025 0.031 0.0062 0.364 

2005 0.137 0.069 0.024 0.057 0.028 0.028 0.030 0.0072 0.380 

2006 0.126 0.069 0.025 0.058 0.024 0.027 0.030 0.0068 0.365 

2007 0.116 0.073 0.025 0.062 0.025 0.028 0.030 0.0068 0.364 

2008 0.108 0.075 0.025 0.063 0.025 0.020 0.026 0.0064 0.349 

Notes: (1) F=food; C=clothing; H=housing; HFS=home equipment, facilities and services; HM=health and 

medical care; TC=transportation and communication; ECR=education, cultural and recreational services; 

M=miscellaneous goods and services; AC=aggregate consumption; (2) Due to differences in the 

availability of data, the length of the time series of estimates varies across categories. The aggregate 

endogenous consumption coefficient (AC) is the sum of F, C, H, HFS, HM, TC, ECR, and M. The data 

about M is not available from 1994 to 1998. For those years, the aggregate endogenous consumption 

coefficient is the sum of F, C, H, HFS, HM, TC, and ECR; (3) The estimates appear to be robust to 

choosing different initial values for the maximum likelihood estimation procedure. 
 

Table 3.2 illustrates changes in the endogenous consumption coefficients it̂   from 

1989 to 2008. The endogenous consumption coefficient of food steadily decreased over 

this period. This is consistent with Engel‘s law, which says that increases in consumption 

of basic products as a consequence of increases in income are smaller at high income 

levels. The endogenous consumption coefficient of housing also fell. The endogenous 

consumption coefficients of home equipment, facilities and services, and transportation 

and communication, however, show upward trends. The endogenous consumption 

coefficient of clothing went through three stages of change, increasing from 1989 to 1995, 

decreasing from 1996 to 1998, and then increasing again from 1999 to 2008. The 
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endogenous consumption coefficients of health and medical care, and education, cultural 

and recreational services remained relatively stable. 

The impacts of some important events are reflected in these endogenous 

consumption coefficients. In 2003, for example, China was hit by the SARS epidemic, 

which prevented many consumers from shopping in crowded places. Almost all 

endogenous consumption coefficients decreased from 2002 to 2003, and the aggregate 

endogenous consumption coefficient decreased by 5.6%. In 2008, the global financial 

crisis also had an impact on household consumption. Pessimistic expectations led to more 

cautious spending behavior. This might have been the main cause of the decrease of the 

aggregate endogenous consumption coefficient, by 4.2% between 2007 and 2008.  

Based on the estimates for the varying parameters model, we calculate the increase 

in the consumption of each product category from 2000 to 2008 and decompose it to the 

contributions of endogenous consumption and exogenous consumption, using Equation 

(3.12).  
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The left hand side of this equation gives the total change in consumption between t 

and t+s (indicated by C  in Table 3.3 below). The contributions of three sources of 

change to this total change are represented by the right hand side of the equation. The 

first term between brackets gives the change in estimated endogenous consumption ( enE ), 

the second term represents the changes due to estimated exogenous consumption (
1tcE ) 

and the residual is given by the third term ( E ).  
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Table 3.3 Contributions of endogenous consumption and exogenous consumption to 

aggregate consumption growth (2000-2008) 

Consumption category 
 

C  

 

enE  

exE  

1tcE  
E  

Food 2598.0 1306.3 (50.3) 1298.5 (50.0) -6.7 (-0.3) 

Clothing 2717.6 1799.0 (66.2) 906.8 (33.4) 11.8 (0.4) 

Housing 1137.0 459.9 (40.4) 686.1 (60.4) -9.1 (-0.8) 

Home equipment, facilities and services 1700.9 1311.6 (77.1) 412.3 (24.2) -23.0 (-1.3) 

Health and medical care 1067.7 532.2 (49.8) 537.9 (50.4) -2.4 (-0.2) 

Transportation and communication 3425.0 417.1 (12.2) 3131.5 (91.4) -123.5 (-3.6) 

Education, cultural and recreational services 1247.7 422.1 (33.8) 856.5 (68.6) -30.8 (-2.5) 

Miscellaneous good and services 408.6 88.3 (21.6) 322.7 (79.0) -2.4 (-0.6) 

Note: C denotes the increase in aggregate consumption, in 100 million yuan; enE denotes the 

contribution of the endogenous consumption; exE denotes the contribution of the exogenous consumption, 

which consists of 
1tcE  (the contribution of previous period consumption), and E  (the residual). The 

values in parentheses are the contribution shares of each component in percentage form. 

 

The decomposition results in Table 3.3 show that the relative contributions of the three 

determinants vary across consumption categories. For housing, education, cultural and 

recreational services and in particular transportation and communication, exogenous 

growth has been dominant. These consumption categories have relatively high 

-coefficients as shown in the first row of Table 3.2. This implies that the increase in the 

consumption of these product categories has mainly depended on habitual consumption 

levels or on stable expectations. The consumption growth patterns of clothing, and home 

equipment, facilities and services are dominated by endogenous growth. These 

consumption categories have relatively low  -coefficients. This implies that the 

consumption of these commodity categories mainly depends on the current income of the 

household. For food and health and medical care, we find roughly equal contributions of 

exogenous and endogenous consumption. For all consumption categories, the residuals 

are small.   



76   Chapter 3 

In general, consumption patterns are not identical across countries (see Clements, 

2006; Lyons et al., 2009). Hence, it should not come as a surprise that our results are only 

partly in line with the existing evidence for other countries. In their study for Ireland, 

Lyons et al. (2009) also found that clothing and household equipment are product 

categories on which consumers are most likely to spend additional income. Karagiannis 

and Velentzas (2004), however, observed for Greece that changes in current income are 

the main driving force for explaining changes in demands for all product categories. 

 

3.4.2. Linking consumption products to broad consumption categories 

To quantify the effects of the stimulus package to fight the effect of the crisis, we need to 

link changes in consumption levels to an input-output table. The classification of broad 

consumption categories analyzed in the previous subsection is much less fine-grained 

than the classification of industry-specific outputs in the Chinese input-output tables. To 

link results for broad categories to output of industries as discerned in the input-output 

table, we need a bridge matrix:  

 

cBc ~*                                             (3.13)   

 

Like before, c~  contains household consumption levels, for broad categories. 
*

c is the 

vector of consumption levels for the outputs of industries. The bridge matrix mnijb  )(B  

gives the shares of consumption of the output of input-output industry i in the 

consumption of broad category j ( n is the number of input-output industries and m is the 

number of broad consumption categories). 

The only information we have for estimating B  is a concordance table linking 

eight broad categories to the forty-two industries discerned in the input-output table for 

2007, and the consumption data for each broad category and each input-output industry. 

Based on this limited information, we estimate B  using a procedure consisting of four 

steps. First, we reconcile total household consumption in the input-output table with the 
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sum of the consumption of the eight broad categories.
25

 Second, we generate 

842)(  ijrR , which is a matrix that gives initial values for the transaction values of 

consumption in category j that can be attributed to consumption of the product of 

input-output industry i. If industry i delivers products included in category j (according to 

the concordance table), then )8,,2,1(  jnyr i

c

iij , otherwise 0ijr . c

iy is the revised 

household consumption of industry i in the first step; in  is the number of broad 

categories that contain products from industry i; and ijr  represents the amount of 

consumption of industry i contained in broad category j. Third, we balance R  by means 

of the RAS method to make sure that the sum of each row and the sum of each column 

equals the revised household consumption of the corresponding input-output industry and 

the consumption of the corresponding broad category, respectively.
26

 Finally, we divide 

the element in each column by the sum of the cell values in the corresponding column to 

obtain the estimate of B .
27

   

The 42 elements of 
*

c contain consumption levels by households, which includes 

consumption demand for imported products. Disregarding generally small indirect effects, 

the production of these imported products will not have implications for economic 

activity in China, so we need to have information on demand for domestically produced 

products. We obtain consumption for domestic products (
d

c ) by multiplying 
*

c with the 

share of domestic products in the aggregate domestic demand for these products, as found 

in the input-output table.
28

 Finally, based on the converted endogenous consumption 

                                                             
25 Some consumption items in the input-output table are not included in the eight broad categories. For instance, the 

consumption of finance, which is defined as the value of financial intermediation services delivered to households who 

save and borrow, is not included in the eight categories. We will regard this type of consumption as exogenous.    

26 RAS is a popular method to recover the entries of a matrix from limited and incomplete multisectoral economic data. 

See Golan et al. (1993) and Dietzenbacher and Miller (2009) for discussions about this method. 

27 The estimated bridge matrix between eight broad consumption categories and forty-two industries in 2007 China 

input-output table is listed in Appendix 3.2. 

28 The shares of domestic products in the aggregate domestic demand can be calculated from input-output tables, using 

the so-called proportionality assumption. The share for industry i is )~/()( iiiii emxex  , where ix  and ie are 

the gross output and the exported products of industry i respectively. im~  gives the imports of product i, which is 

available in the original Chinese input-output tables. Note that this differs from jm , which gives all imports bought by 
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coefficients of the input-output industries, the aggregate consumption can be split into the 

endogenous consumption and the exogenous consumption by Equation (3.10). 

3.4.3. The estimation of endogenous income coefficients for input-output industries 

As we discussed in Section 3.3, labor compensation (i.e., compensation of employees and 

income of self-employed individuals) is a reasonable measure of endogenous income. 

The industry-specific labor compensation data, however, is not directly available in the 

2007 input-output table for China. This table only distinguishes between industry-specific 

compensation of employees and the industry-specific aggregate of income of 

self-employed and operating surplus. We therefore estimate the industry-specific labor 

compensation following the approach used by Chen et al. (2015) (see also Appendix 2.3 

of Chapter 2). Furthermore, we find that the sum of the estimated industry-specific labor 

compensation is larger than the total household income from labor compensation 

indicated by the household survey data (NBS, various years). As mentioned before, the 

household income obtained from the household survey data is used to estimate the 

endogenous consumption coefficients. Hence, we further proportionally lower the 

estimated industry-specific labor compensation so that the sum of it equals the total 

household income from labor compensation indicated by the household survey data. 

After the endogenous income flow is obtained, the endogenous income coefficient of 

each industry can further be calculated by dividing each industry‘s endogenous income 

over gross output.  

Exogenous income (consisting of income from properties and transfers) can easily 

be obtained from detailed data about property income and transfer income of households 

in the China Statistical Yearbook (NBS, various years). 

Based on the data construction described in this section, the new semi-closed 

input-output model as given by Equation (3.8) can be implemented for China. 

 

                                                                                                                                                                                      
industry j. Dietzenbacher et al. (2013) give a description of a more accurate procedure that can be used if additional 

data on the nature of traded goods is available. 
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3.5. The impact of the 4 trillion yuan stimulus package on the GDP of China  

 

Ping Zhang, the head of the National Development and Reform Commission of China 

(NDRCC), introduced the composition of the 4 trillion yuan stimulus package in a press 

conference. According to Zhang‘s speech, the central government would invest 1.18 

trillion yuan from the fourth quarter of 2008 till the end of 2010. This amount of 

investment was expected to induce 2.82 trillion yuan of additional investments from local 

governments and the private sector. The most detailed composition of the 4 trillion yuan 

of investments as announced by the central government is given in Table 3.4.  

 

Table 3.4 The composition of the 4 trillion yuan stimulus package 
Item Fund (billion yuan) 

1. Low-rent housing and indemnificatory housing  construction 400 

2. Rural people‘s livelihood project and rural infrastructure construction 370 

3. Railway, highway, airport, water conservancy construction and distribution 

network enhancement 
1500 

4. Health, education and culture 150 

5. Energy saving and emission reduction, ecological construction project 210 

6. Independent innovation and adjustment of industry structure 370 

7. Post-quake recovery and reconstruction 1000 

Sum 4000 

Data source: the website of national development and reform commission of China 

www.ndrc.gov.cn/xwzx/xwtt/t20090521_280383.htm 

 

As discussed in the introduction, this stimulus package will have affected China‘s GDP in 

various ways. In this section, we estimate the combined short-run impacts of this stimulus 

package by using the model as outlined in the previous section.  

Adjustments of prices and wages are usually slow in the short run, so we assume 

that the stimulus package did not lead the Chinese central bank to change the interest rate. 

Hence, we assume that the package did not affect investment funds of the private sector. 

This, and the fact that most investments in the package relate to public goods, are our 

main arguments for neglecting crowding-out of private investment in the short run. 

 Household consumption, however, has most likely been affected by this stimulus 

package. Higher incomes will have led to more consumption. On the other hand, however, 

households may have had expectations that the government would increase the tax rate in 
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the future, to balance the fiscal deficit caused by this stimulus package. If so, they may 

have decided to save more to compensate for reduced future income.  

In our first scenario, we estimate the short-term impact of this stimulus package on 

China‘s GDP by using the traditional input-output model, the semi-closed input-output 

model, and our new model, respectively. This gives an impression of the magnitude of 

the empirical differences. Second, we study the sensitivity of the short-term impact 

estimations to the assumption that model parameters are not affected by the policy change 

itself. 

  

3.5.1. The effects of the stimulus package on final demand  

To estimate the effects of the stimulus package on the Chinese economy using 

input-output models, the government injections as assigned to broad categories in Table 

3.4 should first be allocated to final demand for the products delivered by the industries 

that are present in the input-output table. Some categories (such as 400 billion yuan for 

item 1, ―Housing and housing construction‖) clearly relate to additional demand for the 

output of a specific industry, while other items are undisputedly referring to investment 

projects by a specific industry (e.g., 150 billion yuan for item 4, ―Health, education and 

culture‖). In the first case, we assign the category to final demand for the output of the 

construction industry; in the second case, we distribute the 150 billion in yuan of the 

stimulus package category according to the investment structure of the industry 

concerned, using data from an investment matrix (which contains information about the 

investments by industry j in capital goods produced by industry i).
29

 

We distribute the investment items as follows, in accordance with the investment 

progress report announced by the NDRCC.
30

 The progress report introduces more 

detailed investment projects in each investment item that have been carried out. This 

provides us additional information to distribute the investment items more appropriately. 

                                                             
29 The most recent available investment matrix was published by NBS in 1997. We updated it to 2007, by a RAS 

procedure based on data for the row and column sums for 2007. 

30 http://finance.sina.com.cn/g/20090521/15016256643.shtml 
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Item 1 (in Table 3.4) was fully attributed to final demand for output of the construction 

industry. The composition of investment item 2 is rather similar to the investment 

structure of the agriculture industry, so we split it into final demand for various outputs 

according to the investment structure of this industry in the investment matrix. Item 3 

mainly consists of investments on physical infrastructure. The Ministry of Railways 

states that the part devoted to railway investment exceeds 1200 billion yuan,
31

 

accounting for about 80% of item 3, and the shares of the other transportation investment 

projects are relatively small. Hence, we distribute approximately 80% of item 3 to 

transportation investment and the remaining part to investments in distribution network 

enhancement. According to the railway statistical bulletin (Ministry of Railway, 2009), 

construction accounted for 86% of railway investments in 2009, and 14% was spent on 

transportation equipment. We allocate the railway investments in item 3 to the final 

demands for output of the construction industry and the transport equipment industry 

according to these proportions. We distributed the investments in distribution networks to 

final demands according to the investment structure of the electricity and heating power 

production and supply industry.  

The allocation of the remaining investment categories to final demand for specific 

outputs of industries is relatively easy. We allocate item 4 according to the unweighted 

average investment structure of the education industry, the health service industry and the 

culture industry. Item 5 is treated in a similar vein, using the investment structure of the 

water conservancy, environment and public accommodation management industry. 

According to the progress report mentioned before, item 6 mainly focuses on improving 

high-tech processes and expanding high-tech industries. This requires constructing new 

plants or new production lines as well as introducing new equipment. Item 6 is thus 

similar to the investment structure of high-tech manufacturing industries. However, we 

only have the investment structure of an aggregated manufacturing industry in the 

investment matrix. We therefore use the investment structure of the manufacturing 

industry to distribute this item to final demands. The last investment item mainly focuses 

on reconstructing houses and public facilities destroyed by the Wenchuan earthquake, so 

we allocate it entirely to final demand for the output of the construction industry. 

                                                             
31 http://finance.sina.com.cn/g/20081111/00035489448.shtml 
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Some of the investment expenditures are on purchases of products from other 

countries. To take this into account, we adjust the final demand levels obtained by means 

of the procedures described above by multiplying these with the product-specific ratios of 

domestic demand over total demand, as obtained from the 2007 input-output table.  

The estimated final demand vector that represents the initial effects of the stimulus 

package is given in Table 3.5, in the column labeled *
f . 

  

3.5.2. Value added impacts of the stimulus package 

The additional value added of each industry caused by the stimulus package can be 

calculated by post-multiplying the respective value added multiplier matrices derived 

from the traditional input-output model, the semi-closed model and our new model 

( )(M , see section 3.3.3) by *
f . In all cases, this is done under the assumption that the 

model parameters are not affected by the stimulus package. For the model introduced in 

this chapter, this implies that the endogenous consumption coefficients for 2009 and 2010 

are assumed to have the same value as those in 2008. The value added effects are 

presented in Table 3.5. 

Additional GDP driven by the 4 trillion yuan stimulus package as calculated on the 

basis of the traditional input-output model, the semi-closed input-output model and our 

new model amounts to 3124.4 billion yuan, 4010.3 billion yuan and 3409.8 billion yuan 

respectively. The estimated economy-wide value added multipliers are 0.781, 1.003 and 

0.852 respectively. The multiplier for the traditional input-output model is smaller than 

the other two, because it does not take the linkages between demand and household into 

account. The economy-wide multiplier for the semi-closed model is obviously larger than 

that of our new model, due to the fact that it assumes that all consumption demand is 

endogenous. The total multipliers for the traditional input-output model and the new 

model are both smaller than 1 because of import leakage.  
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Table 3.5 Impact of the 4 trillion yuan stimulus package on the value added of 

industries (unit: billion yuan) 

Industry 

Code 

(1) 

α  

(2) 

*
f  

(3) 

Traditional 

model 

(4) 

Semi-closed 

model 

(5) 

New model 

(6) 

Changes in endogenous consumption 

coefficient 

-5% 

(7) 

-10% 

(8) 

1 0.045 0 78.8 254.2 151.0 113.8 (-24.6) 77.1 (-48.9) 

2 0.000 0 76.2 88.0 80.2 78.1 (-2.6) 76.1 (-5.1) 

3 0.000 0 83.2 98.6 88.2 85.7 (-2.9) 83.1 (-5.8) 

4 0.000 0 42.3 44.7 43.1 42.7 (-1.0) 42.3 (-1.9) 

5 0.000 0 45.2 47.2 46.0 45.6 (-0.8) 45.2 (-1.6) 

6 0.067 0 26.1 98.5 55.7 40.5 (-27.4) 25.4 (-54.4) 

7 0.002 0 10.8 22.2 16.1 13.4 (-16.8) 10.7 (-33.3) 

8 0.028 0 10.6 28.5 19.4 14.9 (-23.4) 10.4 (-46.4) 

9 0.003 7.9 29.7 34.2 31.7 30.7 (-3.1) 29.7 (-6.3) 

10 0.001 0 23.3 33.5 26.6 24.9 (-6.3) 23.2 (-12.6) 

11 0.001 0 58.4 68.4 61.5 59.9 (-2.6) 58.3 (-5.2) 

12 0.010 0 111.4 146.4 125.5 118.2 (-5.8) 111.1 (-11.5) 

13 0.001 0 238.9 244.2 240.7 239.8 (-0.4) 238.8 (-0.8) 

14 0.000 0 246.0 258.9 250.4 248.1 (-0.9) 245.9 (-1.8) 

15 0.002 13.4 56.8 62.1 58.8 57.8 (-1.8) 56.8 (-3.5) 

16 0.000 209.7 129.4 137.2 132.0 130.7 (-1.0) 129.4 (-2.0) 

17 0.003 226.3 88.1 100.2 90.5 89.3 (-1.4) 88.0 (-2.8) 

18 0.008 91.2 60.0 67.8 63.0 61.5 (-2.5) 59.9 (-5.0) 

19 0.002 12.5 13.3 18.1 14.4 13.8 (-3.8) 13.3 (-7.6) 

20 0.000 6.0 4.6 5.3 4.8 4.7 (-2.4) 4.6 (-4.9) 

21 0.003 8.8 10.5 15.5 11.8 11.1 (-5.6) 10.5 (-11.2) 

22 0.000 0 58.8 63.9 60.6 59.7 (-1.5) 58.8 (-3.0) 

23 0.007 0 130.4 160.8 140.5 135.3 (-3.7) 130.2 (-7.3) 

24 0.001 0 1.9 3.0 2.2 2.1 (-8.0) 1.9 (-16.0) 

25 0.001 0 4.8 7.7 5.7 5.3 (-8.2) 4.8 (-16.3) 

26 0.003 3195.7 748.2 751.8 749.2 748.7 (-0.1) 748.2 (-0.1) 

27 0.007 3.8 211.2 249.1 223.6 217.2 (-2.8) 210.9 (-5.7) 

28 0.000 0 2.1 3.2 2.4 2.2 (-6.4) 2.1 (-12.7) 

29 0.005 46.7 81.1 108.0 86.5 83.7 (-3.2) 81.0 (-6.4) 

30 0.023 28.3 142.7 217.1 165.9 154.0 (-7.2) 142.2 (-14.3) 

31 0.022 0 33.8 65.3 45.6 39.5 (-13.3) 33.6 (-26.4) 

32 0.000 0 120.4 181.8 129.6 124.9 (-3.7) 120.2 (-7.3) 

33 0.008 16.0 39.6 120.8 50.5 44.8 (-11.1) 39.3 (-22.1) 

34 0.003 0 21.4 33.1 24.8 23.0 (-7.1) 21.3 (-14.1) 

35 0.000 0 4.4 5.3 4.7 4.6 (-3.1) 4.4 (-6.3) 

36 0.000 12.6 40.3 44.4 41.8 41.0 (-1.8) 40.2 (-3.7) 

37 0.001 0 2.6 5.5 3.5 3.1 (-12.7) 2.6 (-25.2) 

38 0.011 0 19.8 46.3 27.7 23.7 (-14.6) 19.7 (-29.1) 

39 0.011 0 4.3 32.5 11.8 8.0 (-32.8) 4.1 (-65.2) 

40 0.019 0 4.5 23.0 12.1 8.2 (-32.2) 4.4 (-64.1) 

41 0.002 0 7.2 12.7 8.7 7.9 (-8.9) 7.2 (-17.8) 

42 0.000 0 0.8 1.1 0.9 0.9 (-4.5) 0.8 (-8.9) 

Sum   3878.7 3124.4 4010.3 3409.8 3262.8 (-4.3) 3117.6 (-8.6) 

Total 

multiplier 
 

 0.781 1.003 0.852 0.816 (-4.3) 0.779 (-8.6) 

Note: (1) See the industry classification in Appendix 3.2; (2) α represent the endogenous consumption 

coefficients for domestic products; (3) With regard to the values in columns (7) and (8), the terms in 

parentheses represent the differences relative to the values in the sixth column (in per cents); (4) The total 

multiplier is obtained as GDP caused by the stimulus package, divided by its value (4000 billion yuan). 
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He et al. (2009) also estimated the multiplier of the 4 trillion yuan stimulus package, 

using the traditional input-output model. Their estimated economy-wide value added 

multiplier is 0.84, which is considerably larger than our multiplier for the traditional 

model. The difference is mainly caused by two reasons. First, their calculations are based 

on the input-output table in 2005, whereas ours are based on the input-output table for 

2007, the newest survey-based input-output table for China up to now. Second, the 

‗translations‘ of the information on investment levels per item in the stimulus package to 

additional final demand at industry level are different. Our allocation procedures are 

based on more additional information (such as the investment progress report and 

investment structures of industries) than the procedures adopted by He et al. (2009). 

Turning to industry-level effects, the results for the new model show that the 

construction industry (26) has been affected most heavily by the stimulus package; its 

value added growth accounts for 22% of economy-wide total value added growth caused 

by the stimulus package. This result reflects the focus of the investment package on 

infrastructural projects. Hence, it does not come as a surprise that industries that have 

strong direct and indirect linkages with the construction industry—such as the metals 

smelting and pressing industry (14), the nonmetal mineral products industry (13), the 

transport and warehousing industry (27), the wholesale and retail trade industry (30), the 

electricity and heating power production and supply industry (23), the finance and 

insurance industry (32), and the chemicals industry (12)—are also strongly affected. 

For the Chinese economy as a whole, the impact as estimated by the new model is 

9.1% larger than the impact estimated by means of the traditional input-output model 

(3410 vs. 3124 mln yuan). The differences at the level of industries show a lot of 

variation. The largest percentage differences are found for the education industry (39, 

174% larger according to the new model), followed by the health service industry (40, 

169%), the food products manufacturing industry (6, 113%) and agriculture (1, 92%). As 

indicated by the traditional input-output model, the education industry and the health 

service industry benefit little from the stimulus package via industry linkages (4.3 and 4.5 

billion yuan). Instead, they have relatively high endogenous consumption coefficients (as 

indicated in the second column of Table 3.4) and thus benefit much from the stimulus 

package via induced household consumption. The dominant effect of induced household 
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consumption causes the large percentage differences for these industries. The high 

induced household consumption demand caused by large endogenous consumption 

coefficients can also explain the large difference for food products manufacturing 

industry and agriculture. At the other end of the spectrum, the results for industries like 

construction (26), and the nonmetal mineral products manufacturing industry (13) are 

very insensitive to the choice of model; the differences in value added growth are less 

than 1%, indicating that these industries do not cater much to household consumption 

demand, neither directly nor indirectly. 

In terms of absolute differences in impacts between the two models, agriculture (1, 

+72 mln yuan) and the food products manufacturing industry (6, +30 mln yuan) are the 

two industries with the most sizable differences. Together, these industries account for 

more than 35% of the difference in GDP increases as obtained with the two models.     

  

3.5.3. Sensitivity analysis: model parameter changes due to the government 

intervention    

The results presented in columns (4)-(6) of Table 3.5 are obtained under the assumption 

that all model parameters are insensitive to the stimulus package itself. The endogenous 

consumption parameters α, for example, have been assumed stable. As discussed before, 

however, a major expansionary fiscal policy measure (like the stimulus package) can 

cause changes in expectations regarding future tax rates. In this situation, current 

household consumption might be negatively affected.
32

 To analyze the sensitivity of our 

results to phenomena like these, we compute results assuming that the endogenous 

consumption coefficients decrease by 5% and 10%, respectively. We recalculated the 

short-term impacts, using Equation (3.14), which is derived from our new model. 

  

])()([)( ***
fMfMfMv                  (3.14) 

 

                                                             
32 See ―new Keynesian‖ models used for fiscal policy analysis (e.g. Horvath, 2009; Cogan et al., 2010). 
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In this equation, *
f  is again the additional final demand vector and *

f  is the 

exogenous final demand on domestic products in the framework constructed in Section 

3.4. )(M  and )(M  are the value added multiplier matrices before and after the 

changes in endogenous consumption coefficients respectively. 

We find that with a 5%-decrease in the endogenous consumption coefficient for 

each industry, the GDP growth caused by the stimulus package is reduced by 4.3%, from 

3409.8 billion yuan to 3262.8 billion yuan (and the total multiplier decreases from 0.852 

to 0.816). If the endogenous consumption coefficients decreases by 10%, the total 

multiplier decreases to 0.779, which is slightly less than the economy-wide multiplier 

obtained using the traditional input-output model. This implies that in this situation, the 

negative effect of the stimulus package on current household consumption offsets the 

positive effect of the current income to household consumption linkage. If the Chinese 

government would have feared sizable changes in household expectations regarding its 

fiscal policies in the future, it would have acted wisely if it would have simultaneously 

announced policy measures with a favorable impact on its future fiscal situation.   

   

3.6. Conclusion 

 

In this chapter we proposed a new semi-closed input-output model to estimate the impact 

(in terms of value added growth in Chinese industries) of the 4 trillion yuan stimulus 

package that was announced by the central government in 2008, to fight the 

consequences of the global crisis. In previous semi-closed input-output models, 

household consumption is assumed to be fully endogenous, in the sense that current 

consumption is completely driven by income. This is not consistent with several strands 

of consumption theory, and we argued that it could well overestimate the effects of 

expansionary fiscal policies. Our new model, does not suffer from this drawback, since it 

starts from a consumption decomposition formula, which decomposes household 

consumption into an endogenous and an exogenous part. The first type of consumption is 

determined by current household income, and the latter by other factors. We estimated 
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the consumption decomposition formula for eight categories of consumption products, by 

adopting a maximum likelihood estimation method combined with the Kalman filter. The 

results vary considerably across consumption categories.   

We generated our ―ex post predictions‖ of the effects of the 4 trillion yuan stimulus 

package for two scenarios. We first calculated the impacts using the traditional 

input-output model, the semi-closed input-output model, and our new model, assuming 

that the model parameters were not affected by the stimulus package. Our estimated 

impacts are, as expected, higher than in the traditional input-output model (in which all 

household consumption is exogenous), and smaller than the impacts obtained by the 

semi-closed input-output model (in which all household consumption is endogenous). For 

the new model, we estimate a GDP multiplier of 0.852 (the traditional input-output model 

yields a GDP multiplier equal to 0.781). This multiplier is lower than 1, because part of 

the stimulus package will induce additional imports, which do not generate Chinese value 

added.  

To find indications for the sensitivity of the estimated impacts to the assumption of 

stable model parameters, we also applied the model to a scenario in which households 

decide to decrease their endogenous consumption, because they feel that the government 

expenditures will be compensated by higher taxes at a later stage (―so-called Ricardian 

equivalence‖). Our results suggest that a reduction of the endogenous consumption 

coefficients of 10% (for all consumption categories) as a consequence of this 

phenomenon would lead to a GDP multiplier that is lower than that of the traditional 

input-output model. If governments believe that endogenous consumption parameters are 

very sensitive to large changes in fiscal policies, these should at the same time announce 

policy measures that are perceived to have positive impacts on government budgets in the 

future.  

It is impossible to evaluate the empirical quality of the model based on data for 

China after the 2008 crisis, because many other changes (like a decline in major export 

markets) have affected value added growth in China. Nevertheless, we feel that our 

model gives more realistic indications of the short-run growth effects of fiscal policies. 

Extensions of this approach could be implemented using social accounting matrices, to 



88   Chapter 3 

quantify the effects of fiscal stimuli on income inequality across various household 

categories.     
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Appendix 

 

Appendix 3.1 

Using the Kalman filter to estimate the time varying parameter model 

 

The Kalman filter (see Harvey, 1987; Hamilton, 1994) is a recursive algorithm to obtain 

estimates for the parameters of interest in period t, based on the values of these 

parameters (―the state‖) at t-1 and observations for the model variables at t. The technique 

has been successfully applied to address empirical economic issues that require the use of 

time varying parameter (TVP) models and unobserved component models. Suppose that a 

univariate TVP model is specified with a measurement equation 

 

Tty ttttt ,,2,1''  αzβx                    

 

and a transition equation  

 

Ttttt ,,2,11   ηTαα       

 

ty is the dependent variable observed at time t; tα is a state vector ( 1m ) with the time 

varying parameters of interest; tz is a vector ( 1m ) with the observations at t of 

variables that affect the dependent variable in a way that is not stable over time; tx is a 

vector ( 1n ) with observations at t of explanatory variables for which the coefficients 

vector β ( 1n ) is supposed to be time-invariant. T is a fixed matrix ( mm ) which is 

specified based on prior information; the disturbances t  and tη  are white noise, with 

zero means and (co)variance (matrices) h and Q  respectively. t and tη  are assumed 

to be mutually serially independent. For the purpose of the Kalman filter, β , T , h  and 

Q are regarded as being fixed and known. These parameters can be estimated from the 

data using maximum likelihood estimation. 
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Let 1
ˆ

tα  be the minimum mean squared error (MMSE) estimator of 1tα  based on all 

the information up to time t-1, and let 1tP  be the mean squared error matrix of 1
ˆ

tα . 

Given 1
ˆ

tα  and 1tP  at time t-1, the MMSE estimator of tα  and its mean squared error 

matrix are: 

 

11|
ˆˆ

  ttt αTα                                  (A3.1.1) 

QTTPP  

'

11| ttt
                              (A3.1.2) 

 

When a new observation for y at time t is available, the estimator and its mean squared 

error matrix can be updated according to the following formulas: 

 

)/()ˆ(ˆˆ
1|

'

1|

''

1|1| hy ttttttttttttttt   zPzαzβxzPαα                (A3.1.3) 

)/( 1|

'

1|

'

1|1| httttttttttttt   zPzPzzPPP                      (A3.1.4) 

 

The equations (A3.1.1) and (A3.1.2) are often called the ―prediction equations‖, and the 

equations (A3.1.3) and (A3.1.4) are frequently referred to as ―updating equations‖. 

Together, they make up the Kalman filter. 

The Kalman filter yields the MMSE estimator of the state vector ( tα ) based on the 

available information up to time t only. In this chapter, we further used all the 

information in the sample (T observations) to obtain smoothed estimates of the state 

vector Tt|α̂  by fixed-interval smoothing. The fixed interval smoothing is a recursive 

process (see Harvey, 1987). It starts with the final Kalman filter estimates Tα̂  and TP  

and then applies the smoothing equations )ˆˆ(ˆˆ
|1

*

| tTtttTt αTαPαα   and 

*'

|1|1

*

| )( tttTtttTt PPPPPP   , with 1

|1

'* 

 tttt PTPP , 1,,2,1  TTt . Finally, 

TTT αα ˆˆ
|  ; TTT PP | . 
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Appendix 3.2 

Bridge matrix for the eight broad consumption categories in the household survey 

data in the China Statistical Yearbook and the forty-two industries in the 2007 China 

input-output table 

Industries F C H HFS HM TC ECR M  

1. Agriculture 0.333 0 0 0 0 0 0 0  

2. Coal mining, washing and processing 0 0 0.014 0 0 0 0 0  

3. Crude petroleum and natural gas products 0 0 0 0 0 0 0 0  

4. Metal ore mining 0 0 0 0 0 0 0 0  

5. Non-ferrous mineral mining 0 0 0 0 0 0 0 0  

6. Manufacture of food products and tobacco processing 0.473 0 0 0 0.144 0 0 0  

7. Textile goods 0 0.048 0 0.009 0.002 0 0 0  

8. Wearing apparel, leather, furs, down and related 

products 

0 0.631 0 0.121 0 0 0 0  

9. Sawmills and furniture 0 0 0 0.105 0 0 0 0  

10. Paper and products, printing and record medium 

reproduction 
0 0 0 0 0 0 0.039 0 

 

11. Petroleum processing, coking and nuclear fuel 
processing 

0 0 0 0 0 0.067 0 0  

12. Chemicals 0 0 0 0.315 0.055 0 0 0.167  

13. Nonmetal mineral products 0 0 0.024 0.005 0 0 0 0  

14. Metals smelting and pressing 0 0 0 0 0 0 0 0  

15. Metal products 0 0 0 0.083 0 0 0 0  

16. Common and special equipment 0 0 0 0 0.011 0 0 0  

17. Transport equipment 0 0 0 0 0 0.222 0 0  

18. Electric equipment and machinery 0 0 0 0.300 0 0 0 0.159  

19. Telecommunication equipment, computer and other 

electronic equipment 
0 0 0 0 0 0.121 0.057 0 

 

20. Instruments, meters, cultural and office machinery 0 0 0 0 0 0 0.016 0.003  

21. Art and craft and other manufacturing  products 0 0 0 0 0 0 0 0.491  

22. Scrap and waste 0 0 0 0 0 0 0 0  

23. Electricity and heating power production and supply 0 0 0.222 0 0 0 0 0  

24. Gas production and supply 0 0 0.030 0 0 0 0 0  

25. Water production and supply 0 0 0.030 0 0 0 0 0  

26. Construction 0 0 0.088 0 0 0 0 0  

27. Transport and warehousing 0.006 0.053 0.055 0.010 0.002 0.067 0.031 0.005  

28. Post 0 0 0 0 0 0.005 0 0  

29. Information communication, computer service and 

software 
0 0 0 0 0 0.185 0.087 0 

 

30. Wholesale and retail trade 0.019 0.176 0.181 0.034 0.006 0.219 0.103 0.018  

31. Accommodation, eating and drinking places 0.159 0 0 0 0 0 0 0.148  

32. Finance and insurance 0 0 0 0 0 0 0 0  

33. Real estate 0 0 0.262 0 0 0 0 0  

34. Renting and commercial service 0 0 0 0 0 0 0.114 0  

35. Research and development 0 0 0 0 0 0 0 0  

36. General technical services 0 0 0 0 0 0 0 0  

37. Water conservancy, environment, and public 
accommodation management 

0 0 0 0 0 0 0.027 0 
 

38. Household service and other social services 0.010 0.091 0.093 0.018 0.003 0.113 0.053 0.009  

39. Education 0 0 0 0 0 0 0.401 0  

40. Health service, social guarantee and social welfare 0 0 0 0 0.779 0 0 0  

41. Culture, sports and amusements 0 0 0 0 0 0 0.071 0  

42. Public management and social administration 0 0 0 0 0 0 0 0  

Note:  F=food; C=clothing; H=housing; HFS=home equipment, facilities and services; HM=health and 

medical care; TC=transportation and communication; ECR=education, cultural and recreational services; 

M=miscellaneous goods and services.  

  



 

Chapter 4  

The effects of ageing and urbanization on China’s future population and 

labor force 

 

 

4.1. Introduction 

 

Ageing of the population will be an important concern for China in the upcoming decades. 

Basically, three causes can be distinguished. First, the fertility rate is low. After the 

one-child policy was launched in the 1980s, China‘s fertility rate declined substantially 

(Poston and Gu, 1987). According to the latest national population census data (NBS, 

2012), China‘s fertility rate was 1.18 in 2010, which is clearly much lower than the 

replacement level of 2.10. If the current child control policy is not loosened, China‘s 

fertility rate is expected to remain at this low level. Second, China‘s large baby boom 

generation, which was born in the 1960s, will gradually retire in the following two 

decades, which will cause a substantial reduction in the share of the labor force in the 

total population. Third, the improvement of health care in China has led to an increased 

life expectancy, which contributes to the increase in the population share of the elderly. 

These three factors (i.e. the low level fertility rate, the ageing of the large baby boom 

generation, and the improvement of the mortality rates) will boost the ageing process of 

China in the following decades. 

Another aspect is that ageing will affect rural areas different than urban areas. On 

the one hand, the fertility rate and the mortality rate are both significantly lower for the 

urban than for the rural population. This will increase ageing more in urban than in rural 

areas. On the other hand, ongoing urbanization should be taken into account. In the past 

two decades, many people migrated from rural to urban areas and the urban areas 

expanded. The urbanization rate (i.e., the share of the population living in urban areas) 

increased from 26.4% in 1990 to 50.0% in 2010, which is an annual increase of 
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1.2 %-point on average. This rapid urbanization trend is expected to continue in the 

future, given China‘s industrialization process (United Nations, 2012; Zheng, 2011). 

Characteristic for the urbanization process is that, in particular, young people migrate 

from rural to urban areas. This is likely to cause the ageing problem to be more serious in 

rural areas than in urban areas. The question is which of the two forces is stronger? 

This chapter projects the development of the age structure of the Chinese 

population until 2030, distinguishing between rural and urban areas and taking 

urbanization into full account. Such projections are relevant because many 

socio-economic issues arise with demographic changes. For instance, due to the 

retirement of the baby boom generation, the size of the labor force will decrease. This 

may have adverse effects on the long-run economic growth of China, which is highly 

dependent on the input of labor. It is thus important to know the future size of the labor 

force (i.e. the people in the age group 15-64). The reason for choosing 2030 as the 

projection year is that the effect of the retirement of the baby boomers will emerge 

around 2030. If the projection interval is shorter than 2010-2030, this effect would be 

neglected. A longer projection interval increases the uncertainty of the projection because 

assumptions for the long-term changes in China‘s fertility and mortality rates are 

required. 

We develop a rural-urban population model that has the following characteristics. It 

is an age-sex specific model with a module for the rural population and a module for the 

urban population. This distinction allows for demographic heterogeneities between rural 

and urban areas, and for modeling the urbanization process by means of the rural-urban 

transition. We calibrate the model using data from the 2010 population census (NBS, 

2012).  

Recent projections for China‘s future population are United Nations (2013) and 

Mai et al. (2013). The projections by the United Nations (2013) are also based on the 

2010 census data, whereas Mai et al. (2013) project China‘s population in 2050 based on 

China‘s 2000 population census data. Neither model distinguishes between rural and 

urban population. These projections thus cannot capture the unequal effects of ageing for 

the rural and urban populations, and cannot incorporate the effects of  urbanization on 

countrywide ageing, as done in this study. 
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 The remainder of this chapter is organized as follows. Section 4.2 describes 

China‘s current population profile and the rural-urban demographic heterogeneity. The 

rural-urban population model is presented in Section 4.3 and Section 4.4 deals with the 

quantification of parameters through assumptions or estimates. Section 4.5 projects 

China‘s population to 2030 under several fertility scenarios, Section 4.6 compares our 

findings with the other projections in the literature, and Section 4.7 concludes. 

 

4.2. A sketch of China’s population profile and the rural-urban demographic 

heterogeneity 

 

According to the 2010 population census data (NBS, 2012), China‘s total population was 

around 1,340 million in 2010. The share of the population that was 65 years or older (age 

group 65+) was 8.9%, which was low when compared to developed countries. For 

example, the share of people aged 65+ was 13.1% in the US, 22.7% in Japan, and 20.4 % 

in Germany. However, when evaluated against the standard ageing line of 7% as set by 

the United Nations (United Nations, 1956), China actually had already become an ageing 

country.  

Figure 4.1 depicts the age structure of the rural and urban population in 2010. It 

shows that a relatively large share of China‘s population was in the age group 35-49, both 

for the rural and the urban population. This age group consists of the baby boom 

generation born in the 1960s, when China just pulled out of the great famine. The 

age-group 20-24 covers a major part of the offspring of the baby boom generation and 

was also relatively large. A substantial proportion of the baby boom generation will 

survive the following two decades and contribute to China‘s ageing problem towards the 

end of this period. 
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Figure 4.1 The age structure of the rural and urban population in 2010 

 

Source: NBS (2012) 

Note: The percentages in Figure 4.1 refer to the shares of each rural age group in the total rural population 

(left hand-side) and the shares of each urban age group in the total urban population (right hand-side). 

 

The age structures of the rural and urban population were quite different in 2010. The 

share of young people (i.e. aged 0-14) was clearly larger for the rural than for the urban 

population and the same was true (although to a lesser extent) for the share of old people 

(i.e. aged 65+). The opposite held for the share of the young labor force (i.e. aged 15-34), 

which was smaller for the rural than for the urban population. These different age 

structures are in line with the differences in fertility rates and the rural-urban migration, 

whereas different mortality rates seem to have dampened the disparities somewhat. 

What factors underlie these differences? First, rural and urban areas faced different 

policies for child control, which led to different fertility rates. In the rural areas, the ―one 

and a half‖ children policy was followed, which meant that rural couples were allowed to 

have a second child if their first child was female. In the urban areas, however, the ―only 

one child‖ policy was executed, which allowed urban couples to have only one child. 

Figure 4.2 gives the age specific fertility rates for 2000 and 2010, for the rural and the 

urban population. It shows that the rural fertility rate was higher than the urban fertility 

rate for any age. This partly explains why the share of young people in the rural 

population was larger than in the urban population.  
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Figure 4.2 The rural and urban age-specific fertility rates in 2000 and 2010 

  

Source: NBS (2002, 2012) 

 

Second, many young rural workers migrated to work in urban areas during China‘s 

industrialization process. Although the urban fertility rate was lower than the rural 

fertility rate, the urban population gained additional young workers via the immigration 

of rural people. This migration pattern led to a relatively large share of the young people 

in the urban population.  

Besides fertility and migration, the rural and urban populations also had a large 

demographic disparity in their mortality rates. Figure 4.3 shows that the mortality rate of 

the rural population was larger than that of the urban population, in particular for 

newborn children (age 0) and for the population aged 65+. This has dampened the 

disparities. That is, if the rural and urban population would have had the same mortality 

rates, the difference between the rural and the urban population share for the young 

people (0-14) would have been larger than it actually was in 2010. The same holds for the 

age group 65+. 
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Figure 4.3 The age-specific (aged 0-4 and 65-90+) mortality rates in 2000 and 2010 

 
Source: NBS (2002, 2012)  

Note that the two figures use different scales. 

 

4.3. The rural-urban population model  

 

China‘s rural and urban population behave quite differently in many demographic aspects, 

such as fertility, mortality and migration. These demographic heterogeneities have caused 

different age structures and will play an important role in China‘s future population 

growth. In order to adequately project the dynamics of China‘s population, it is necessary 

to include these demographic heterogeneities in a rural-urban population model. The 

structure of our rural-urban population model is similar to the multiregional type of 

population projection model (Rogers, 1995; Wilson and Rees, 2005). It generates separate 

future profiles of the rural and the urban population and, by incorporating migration into 

the model, provides forecasts of the urbanization process in China. 

The model is age-sex specific and includes two modules, a rural module and an 

urban module. Suppose the projection interval is one year and classify the rural and urban 

population in the following h+1 age groups. Age group 0 includes individuals who are 

aged 0 at the end of the year, age group 1 includes individuals aged 1 at the end of the 

year, …, age group h includes all individuals aged h or older. In what follows, we will use 

superscript r for rural and u for urban. Variables related to females will be indicated by 

italic letters (e.g. x), those for males will also include a tilde (e.g. �̃�). 
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Definitions 

𝑛𝑖𝑡, �̃�𝑖𝑡: the number of female and male individuals aged i at the end of year t. 

𝑓𝑖𝑡: the fertility rate of age group i in year t (assuming that birth takes place at the start of 

year t+1).
33

 

𝑝𝑡: the probability that a new birth in year t is female. 

𝑚𝑖𝑡, �̃�𝑖𝑡: the mortality rate of female and male individuals in age group i in year t, i.e. 

the probability that an individual aged i-1 at the end of year t-1, dies in year t. 𝑚0𝑡 

gives the probability that a baby that is born at the start of year t dies before the end 

of the year. 

𝑠𝑖𝑡 = 1 −𝑚𝑖𝑡, �̃�𝑖𝑡 = 1 − �̃�𝑖𝑡: the probability that a female and male individual of age 

group i survives in year t. 

𝑘𝑖𝑡, �̃�𝑖𝑡: the rural-urban population transition rate of female and male individuals of age 

group i in year t (which is assumed to take place at the start of the year). 

  

For each age-sex group, the rural-urban population transition rate equals the ratio of the 

net number of rural individuals who become urban individuals
34

 and the total number of 

rural individuals. This transition stems from two causes. First, by migration. Second, rural 

areas may become urban areas. A rural individual then becomes an urban individual 

without physically moving but through the expansion of the urban areas. With the 

economic development of China, more and more rural areas have administratively (and 

thus statistically) become urban areas. 

 

Rural females 

For the rural population, equations are required for age-specific females and males. The 

female rural babies (who have age 0 at the end of the year t+1) are born at the start of the 

year t+1. Some of them will become urban (e.g. due to migration) and of those that 

                                                             
33

 Females from age 15 to age 49 are regarded to have reproduction ability. This means 𝑓𝑖 =   for i = 

0, …, 14 and i > 49. 

34
 For a specific age group, the number of rural individuals who transit to urban individuals minus the 

number of urban individuals who transit to rural individuals yields the net number of rural individuals who 

transit to urban individuals. 
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remain rural some will die.   
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 gives the rural babies born at the start of year t+1.  

The number of rural individuals of age group i (= 1, …, h-1) at time t+1 equals the 

survivors of the rural part (i.e. those that have not become urban) of the rural individuals 

who were in the previous age group i-1 at time t: 
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The individuals of the last age group at the end of year t+1 are the survivors of those who 

remained rural and were h-1 years of age in year t or were already h or older. 
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Rural males 

The model for the male population is basically the same as for the female population, 

except the first age group, because reproduction is related to females.  
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For the other age groups we have: 
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Urban females 
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The urban population model is basically the same as the rural population model. The 

difference is that part of the rural population becomes urban via the rural-urban 

population transition. The urban population receives these rural individuals at the start of 

the year, after which they may survive (or die) as urban people. The equations are as 

follows. 
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Urban males 
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4.4. Estimation of the parameters 

 

The rural-urban population model consists of variables (𝑛𝑖𝑡, �̃�𝑖𝑡) and parameters (𝑓𝑖𝑡, 𝑝𝑡, 

𝑠𝑖𝑡, �̃�𝑖𝑡, 𝑘𝑖𝑡, and �̃�𝑖𝑡). The working of the model is fairly simple: given the values for the 

variables 𝑛𝑖𝑡 and �̃�𝑖𝑡 in t = 2010 and given estimates for the parameters, the population 

in t = 2011 can be projected, and so forth. This section describes how the estimates have 

been obtained and what assumptions have been made. 

 

The probabilities that a new birth is female 

For the probability that a new birth is female, we use the proportion of females in the 

number of newborn babies. In 2010, this proportion was 45.6% for rural newborn babies 
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and 46.3% for urban newborn babies. The proportions were almost the same in 2000, 

namely 45.6% and 46.5%, respectively. Therefore, for our projections we assume that the 

probability that a new birth is female is fixed at the level of 2010.  

 

Assumption 1. 𝑝𝑡
𝑟 = 𝑝2010

𝑟 =  .456 and 𝑝𝑡
𝑢 = 𝑝2010

𝑢 =  .463, for t = 2011, …, 2030. 

 

The fertility rates 

In 1980, the Chinese government launched the so-called one-child policy to control the 

rapid population expansion. After several adjustments, China‘s child policy differs 

nowadays across regions (i.e. rural and urban areas) as well as across nationalities. Urban 

couples are allowed to have only one child, rural couples, however, are allowed to have a 

second child if the first child is a girl. Couples from certain minorities in the population 

(e.g. couples with an Uygur nationality in Xinjiang province) are allowed to have two or 

more children. An adjustment that was implemented in 2014 is that couples are allowed 

to have a second child if one (or both) of the parents is an only child. 

The strict policy of child control led to rather low and stable fertility rates for quite 

a long time. According to China‘s population census data (NBS, 2002; NBS, 2012), the 

total fertility rate (TFR)
35

 of the rural population was 1.43 in 2000 and 1.44 in 2010, and 

the TFR of the urban population was 0.94 in 2000 and 0.98 in 2010. Both the rural and 

the urban TFR are significantly lower than the replacement rate of 2.10. Because the child 

control policy is much tighter for the urban population than for the rural population, the 

urban TFR obviously is lower than the rural TFR. From an age-specific fertility 

perspective, an obvious difference between 2000 and 2010 is that childbearing takes 

place at a later stage in life. Figure 4.2 shows that the hump in the graph shifted to the 

right (i.e. towards higher ages), which holds both for rural and for urban females. This 

means that the fertility rate of younger women is decreasing and that of older women 

increasing. More and more Chinese females plan to give birth at a later stage in their life. 

However, this shift in the timing of the childbearing has had very little effect on the TFR. 

                                                             
35

 The total fertility rate is the sum of the age specific fertility rates. It measures the average number of children a 

woman would bear if she survives through the reproductive age span and experiences at each age the age-specific 

fertility rate of that period. 
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The effect of the increased fertility rate of older women is canceled out by the effect of a 

decreased fertility rate of younger women. For our projections we make assumptions for 

the TFR. After the TFR for any year t has been set, the age specific fertility rates in t are 

obtained by proportionally adjusting the age specific fertility rates of 2010. In a 

sensitivity analysis we found that changes in the age specific fertility rates only had very 

minor effects as long as the TFR is the same.  

It should be pointed out that the fertility level has been one of the most 

controversial issues in studies on China‘s population. Many researchers and also Chinese 

government officials believe that the TFRs derived from the census data are much lower 

than the true levels (see Zeng, 1996; Goodkind, 2004; Guo, 2004; Zhang and Zhao, 2006; 

Morgan et al., 2009; Cai, 2013). The underestimated fertility is mainly due to China‘s 

strict child control policy. On the one hand, strictly implementing child control policy is 

an important task for local governments. On the other hand, families with unauthorized 

births will be punished. Therefore, both families and local governments have a strong 

incentive to hide unauthorized births which are thus systematically underreported in 

census data. Studies have found that a large number of new births and children are 

missing in the 1990 and 2000 censuses (Zhang and Cui, 2002). Although some steps have 

been taken to address the underreporting problem in the 2010 census procedure, the TFR 

derived from the 2010 census data is still believed to be lower than the true level (Cai, 

2013). The common opinion is that TFRs from the census data cannot be used directly 

and need to be adjusted. 

For our projections we use two fertility scenarios so as to take possible future 

adjustments of China‘s child control policy into account. The baseline scenario assumes a 

constant fertility rate. We assume that China‘s child control policy will not change during 

the projection period (i.e. 2011-2030). The TFRs for both the rural and the urban 

population are fixed at the levels of 2010, which have been adjusted because of 

underreporting. The rate of underreporting can be estimated by taking the number of new 

births from the 2000 population census data, calculate how many would have statistically 

survived the period 2000-2010
36

, and compare that with the number of 10 years old 

                                                             
36

 The survivors during 2000-2010 of the new births in 2000 is calculated as 𝑛0 2000  𝑠1 2001    𝑠10 2010. 
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children in the 2010 population census data. We find that the number of 10 years old 

children in the 2010 population census data is 1.08 times the survivors of the new births 

in 2000. Considering the possibility that also the number of 10 year old children is 

underreported in the 2010 population census data, the TFR from the 2000 data seems to 

be underreported by at least 8%. We use this rate to adjust the TFR in 2010 from 1.44 to 

1.55 for the rural population and from 0.98 to 1.05 for the urban population.
37

 The age 

specific fertility rates are thus magnified by the same proportion. 

 

Assumption 2A. 𝑓𝑖𝑡
𝑟 =

1.55

1.44
 𝑓𝑖 2010
𝑟  and 𝑓𝑖𝑡

𝑢 =
1.05

0.98
 𝑓𝑖 2010
𝑢 , for t = 2011, …, 2030. 

 

The second scenario reflects the possibility that the Chinese government may adopt 

a relatively loose child control policy in the future. Many demographers believe that 

China‘s child control policy should gradually be relaxed. An option that has received 

widespread attention is the so-called ―two children with late childbearing soft-landing‖ 

proposal by Zeng (2006, 2007). It suggests a smooth transition period of about seven 

years, after which all couples in China are allowed to have a second child. Zeng (2006) 

estimates the rural TFR to be 2.27 and the urban TFR to be 1.80, after the transition has 

been finished. Note that this is in line with the most recent adjustment by the Chinese 

government of the child control policy. Starting in 2014, couples are allowed to have a 

second child if at least one of the parents is an ―only child‖. 

For our projections, we adopt Zeng‘s proposal and assume for the years 2011-2013 

that the rural and urban TFRs are fixed at the adjusted level of 2010 (i.e. 1.55 for the rural 

TFR and 1.05 for the urban TFR). The implementation of the two children policy starts in 

2014 and the TFRs increase linearly in seven years to their 2020 levels. These are 2.27 

for the rural population and 1.80 for the urban population. For the distribution of the 

increases in TFR over the age-specific fertility rates, it should be noted that the increased 

fertility is only due to an increase in the number of second children. The implicit 

assumption here is that family planning and thus the first child fertility rate is not affected 

by the implementation of the two children policy. For the distribution we use proportions 

                                                             
37 According to Cai (2013), the estimate of China‘s aggregate TFR in 2010 is around 1.5. 
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based on the age-specific second child fertility rate in 2010.
38

 The proportion for age 

group i (denoted by 𝑤𝑖
𝑟 for rural rates and 𝑤𝑖

𝑢 for urban rates) is calculated by dividing 

the second child fertility rate of age group i by the sum of the second child fertility rates 

across all age groups. The information on age-specific second child fertility rates can be 

obtained from the population census data. After 2020, the rural and urban TFRs are fixed 

at the level of 2.27 and 1.80 until 2030. 

 

Assumption 2B. 

𝑓𝑖𝑡
𝑟 =

{
 
 

 
 
1.55

1.44
𝑓𝑖 2010
𝑟                                                       𝑡 = 2 11   2 13

1.55

1.44
𝑓𝑖 2010
𝑟 +

2.27;1.55

7
(𝑡 − 2 13)𝑤𝑖

𝑟       𝑡 = 2 11   2 13

1.55

1.44
𝑓𝑖 2010
𝑟 + (2.27 − 1.55)𝑤𝑖

𝑟                𝑡 = 2 11   2 13

 

𝑓𝑖𝑡
𝑢 =

{
 
 

 
 
1.05

0.98
𝑓𝑖 2010
𝑢                                                       𝑡 = 2 11   2 13

1.05

0.98
𝑓𝑖 2010
𝑢 +

1.80;1.05

7
(𝑡 − 2 13)𝑤𝑖

𝑢       𝑡 = 2 11   2 13

1.05

0.98
𝑓𝑖 2010
𝑢 + (1.8 − 1. 5)𝑤𝑖

𝑢                𝑡 = 2 11   2 13

 

 

Note that TFR𝑡
𝑟 = ∑ 𝑓𝑖𝑡

𝑟
𝑖 = 2.27  for 𝑡 = 2 2    2 3 , because ∑ 𝑓𝑖 2010

𝑟
𝑖 =

TFR2010
𝑟 = 1.44  and ∑ 𝑤𝑖

𝑟
𝑖 = 1 . In the same way, TFR𝑡

𝑢 = 1.8  for 

𝑡 = 2 2    2 3 . 

 

The mortality rates 

Improvements in the living conditions and progress of medical technology have increased 

the life expectancy at birth of the Chinese population considerably, from 71.4 years in 

2000 to 74.8 in 2010. Figure 4.3 showed that the decreases in the mortality rates between 

2000 and 2010 were significant, in particular for newborn children and for the elderly (i.e. 

65+). For instance, the 2010 census data shows that the infant mortality rates are 4.7‰ 

for the rural population and 2.5‰ for the urban population.
39

 The substantial reduction 

                                                             
38 For a specific age group i, the second child fertility rate is defined as the ratio between the number of females in age 

group i that give birth to a second child and the total number of females in age group i. 

39 It should be pointed out that China‘s mortality rates in the census data is also likely to be underestimated, especially 

for babies and young children (Cai, 2013). The reported infant mortality rates are very low. If the census data were 

accurate, China would be one of the countries with the lowest infant mortality rates in the world. Using these mortality 
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of mortality rate suggested by the 2000 and 2010 census data confirms China‘s continued 

improvement in health, which is not unexpected for a country with rapid and persistent 

economic growth. Given that the current life expectancy at birth in developed countries is 

around 80 years, China‘s mortality rate is expected to continue to decrease in the 

following two decades. 

To forecast China‘s future age-specific mortality rates we use the Lee-Carter model 

(Lee and Carter, 1992). It is a leading statistical model for mid-term (around 50 years) 

forecasts of mortality rates and has been successfully applied to almost all countries that 

have reliable data and are in normal socioeconomic conditions (Booth, 2006; Li et al., 

2013). Its main underlying assumption is that the future annual rate of decline of the 

age-specific mortality rates equals the average rate of decline in a past period for which 

data are available. 

The Lee-Carter model has two characteristics that make it very appropriate for our 

case. First, only two years of historical data are sufficient to apply the model, which is 

attractive for countries with limited data availability, such as China. Second, the forecasts 

for age-specific mortality rates obtained from the Lee-Carter model always satisfy the 

desirable property that they are positive.   

However, the Lee-Carter model also suffers from some limitations. It assumes that 

the historical average rate of decline in the age-specific mortality rates will prolong to the 

future. As Girosi and King (2008) point out, it may be reasonable to assume that the 

historical pattern continues in the short run. Over a longer time period, however, the 

model forecasts may diverge from empirical patterns. For instance, when the forecast 

period is very long, reversions in the rank order of the age-specific mortality rates may 

occur when the Lee-Carter model is used.
40

 In this respect, Li et al. (2013) conclude that 

reversion of rank orders makes little or no difference for projections in most countries, 

except in countries with life expectancies above 80. As mentioned earlier in this section, 

the life expectancy in China is still far lower, so we believe it is plausible to assume that 

                                                                                                                                                                                      
rates for population projections implies that the survivals of babies and young children will—to some extent—be 

overestimated.  

40
 Reversion of the rank order means that the mortality rate of group i is larger than the mortality rate of 

age group j in time period t, whereas it is forecasted to be smaller in period k.  
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China‘s historical pattern of changes in age-specific mortality rates during 2000-2010 will 

continue also in the following two decades. In addition, the forecasts (which are shown 

later, in Figure 4.4) based on this assumption do not show serious problems in terms of 

reverted rank orders of the age-specific mortality rates. We therefore feel it is reasonable 

to forecast these mortality rates for China by using the Lee-Carter model. 

The model assumes an exponential change in the age-specific mortality rates, which 

is specified as 

 

ittiiit vm  ln   (i = 0, 1, …, h; t = 1, 2, …, T)                     (4.1) 

 

i , i  and tv  are parameters to be estimated and it  are random disturbances with 

mean 0 and variance 
2 . tv  represents the combined effects of exogenous factors (such 

as medical technology and economic growth) that have a systematic impact on the 

mortality rates of all age groups. Although tv  has an impact on the mortality rates of all 

age groups, the magnitude of the impact varies across age groups. Some age groups 

benefit more than other age groups and this difference is captured by i , which 

represents the effect of tv  on age group i. Equation (4.1) is estimated by using the 

singular value decomposition (SVD) approach (see Appendix 4.1). This yields 

�̂�𝑖 = ln𝑚𝑖
̅̅ ̅̅ ̅̅ = ∑ ln𝑚𝑖𝑡

𝑇
𝑡<1 /𝑇, the average of ln𝑚𝑖𝑡 over time, and estimates �̂�𝑖 (i = 1, …, 

h) and 𝑣𝑡 (t = 1, …, T).  

In the forecasting procedure, we want to calculate �̂�𝑖 𝑇:𝜏 . As Equation (4.1) 

indicates, the forecast depends on (i) the estimated parameters �̂�𝑖 and �̂�𝑖, both of which 

are fixed over time, and (ii) the parameter 𝑣𝑇:𝜏 that is time varying. The forecast yields 

ln�̂�𝑖 𝑇:𝜏 = �̂�𝑖 + �̂�𝑖𝑣𝑇:𝜏 . Because the parameters 𝑣𝑇:𝜏  are time varying, they are 

obtained by specifying the following random walk with drift model. 

  

ttt vv   1
ˆˆ , ),0(~ 2

 Nt  

 

This specification is used almost exclusively in practice (Girosi and King, 2008). The 
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maximum likelihood estimate of   is given by )1/()ˆˆ(ˆ
1  TvvT . Note that the 

estimate depends only on the values in the initial year and the final year. This implies that 

data for two years are sufficient to forecast age-specific mortality rates by means of the 

Lee-Carter model. The forecast for the parameters v now becomes 𝑣𝑇:𝜏 = 𝑣𝑇 + 𝜃𝜏, for 

𝜏 = 1, 2, …. Collecting all pieces of information and noting that in our case we only have 

census data for two years (2000 and 2010) yields the following. 

 

Assumption 3. The forecast for the mortality rate is given by 

 �̂�𝑖 2010:𝜏 = e
�̂�𝑖:�̂�𝑖�̂�2010+𝜏 = eln𝑚𝑖

̅̅ ̅̅ ̅̅ ̅:�̂�𝑖(�̂�2010:
�̂�2010−�̂�2000

10
𝜏)

 

                          = e
ln𝑚𝑖 2000+ln𝑚𝑖 2010

2
:�̂�𝑖(�̂�2010:

�̂�2010−�̂�2000
10

𝜏)
  

for 𝜏 = 1, …, 20, where �̂�𝑖, 𝑣2000, and 𝑣2010 are parameters estimated with the 

singular value decomposition (see Appendix 4.1).     

 

We decided to estimate the Lee-Carter parameters based on Chinese census data for 

2000 and 2010 only. In the middle of two census years (e.g. in 2005) a 1% sample survey 

is conducted and a 1‰ sample survey is conducted in other years. In these limited sample 

surveys, the mortality rates of the old population show large volatilities, because the 

number of surveyed old people is relatively small. Hence, there is no time series for 

China‘s age-specific mortality rates with a sufficient survey coverage. The 2000 and 2010 

population census data are representative and obtained in a consistent way. 

The annual forecasts up to 2030 for the age-specific mortality rates with the 

Lee-Carter model are given in Figure 4.4. Note that ln𝑚𝑖𝑡
̅̅ ̅̅ ̅̅ ̅ = (ln𝑚𝑖 2000 + ln𝑚𝑖 2010)/2 

in our case.  
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Figure 4.4 The age-specific mortality rates in 2000, 2010, 2020 and 2030 

Rural male                       Rural female 

   
Urban male                        Urban female  

 
 

The rural-urban transition rates 

Data on age-specific transition rates of rural population becoming urban are not available 

and need to be estimated. As mentioned before, this transition is caused by two factors, 

migration and urban expansion. The age-specific impacts of these two factors are 

different. Whereas the migrants are mainly represented in the younger age groups, the 

transition due to urban expansion plays a role in a much wider range of ages. 

 

We will estimate the age-specific rural-urban population transition in three steps. 

First, we estimate the aggregate rural-urban population transition. Second, we split this 

into the part that is due to urban expansion and the part due to migration. Third, we 

estimate the age structures for the two types of rural-urban population transition. The 

estimated aggregate rural-urban population transition due to urban expansion is then 

distributed over the age groups according to the corresponding estimated age structure, 
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and the same is done for the transition due to migration, after which the rates are 

determined. Summarized, this yields the following.  

 

Assumption 4. 𝑘𝑖𝑡 = 𝑘𝑖 and �̃�𝑖𝑡 = �̃�𝑖 for t = 2011, …, 2030, 

r

i

g

i

e

i
i

n

gqeq
k


  and 

r

i

g

i

e

i
i

n

gqeq
k ~

~~~ 
                                  

 

Here, ik and ik
~

 are the female and the male rural-urban population transition rates of 

age group i; r

in and r

in~  are the numbers of female and male rural persons in age group i; 

e  and g  are the aggregate rural-urban population transition due to urban expansion and 

due to migration; e

iq  and e

iq~  are the females and males in age group i as a share of the 

aggregate rural-urban population transition due to urban expansion; and g

iq  and g

iq~ are 

the females and males in age group i as a share of the aggregate rural-urban population 

transition due to migration. The details of the estimation procedure are discussed in what 

follows. 

In the first step, the aggregate rural-urban transition is estimated. This is done by 

employing the decomposition approach of Zhang and Song (2003). The idea is that the 

actual growth of the urban population (for which data are available) is caused by natural 

growth and by net rural-urban population transition. The natural urban growth can be 

estimated using the fertility and mortality rates of the urban population. The aggregate 

rural-urban population transition can thus be estimated by deducting the natural urban 

population growth from the actual urban population growth.
41

 NBS, only includes 

persons with permanent urban residence (those who have lived in urban areas for six 

months or more) in its urban population statistics.
42

 Therefore, the temporary rural 

migrants to urban areas (who have migrated to urban areas for less than six months) are 

not considered as rural-urban migrants in the present study.  

                                                             
41

 The rural-urban population transition can also be estimated from the rural population growth. We find that the two 

results are almost the same. 

42 Persons with permanent residence in urban areas do not necessarily have local household registration (hukou). 

Instead, they may be issued residence permits. 
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The results are given in Table 4.1 and show, for example, that the urban population 

increased from 645.12 million persons in 2009 to 669.78 million persons in 2010. The 

actual growth in urban population was thus 24.66 million persons. The natural growth in 

the urban population, as calculated with the urban fertility rates and mortality rates in 

2010, was 3.27 million persons. The aggregate rural-urban population transition is 

therefore estimated as 24.66 – 3.27 = 21.39 million persons.  

 

Table 4.1 The decomposition of urban population growth (unit: million persons) 

Year 
Urban 

population 

Growth in 

persons 

Natural growth 

in persons 

Rural-Urban population transition 

Urban expansion 

in persons 

Net immigration in 

persons 

2006 582.88     

2007 606.33 23.45 3.12 7.46 12.87 

2008 624.03 17.70 3.40 8.15 6.16 

2009 645.12 21.09 3.23 7.39 10.47 

2010 669.78 24.66 3.27 13.71 7.68 

Average  21.73 3.25 9.18 9.30 

 

The second step splits the aggregate rural-urban population transition into the part due to 

urban expansion and the part due to migration. To this end, we estimate the part that is 

due to urban expansion. Because of data availability, this part is easier to estimate than 

the part due to migration. The transition due to migration is then obtained as a residual, 

by deducting the estimated transition due to expansion from the estimated aggregate 

rural-urban population transition.  

The statistical standard that determines whether an area is rural or urban has 

changed several times in China (Zhou and Ma, 2003), the most recent of which occurred 

in 2006. According to this standard, the division takes place on the basis of residents‘ 

committees and villagers‘ committees. These are the smallest administrative units and are 

the basic autonomous organizations for urban and rural areas. That is, a residents‘ 

committee consists of and administers all urban households in its administrative area, and 

a villagers‘ committee consists of and administers all rural households in its 

administrative area. Due to urban expansion, many villagers‘ committees are 

administratively replaced by residents‘ committees, for example, because most of the 

workers in a villagers‘ committee are employed in non-agricultural industries. The 

rural-urban population transition from urban expansion is thus basically captured by the 
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population in the newly created residents‘ committees, which can be calculated on the 

basis of information in the China Civil Affair’s Statistical Yearbook (MCA, 2011).
43

 

Once the rural-urban population transition from urban expansion is calculated, the 

migration can be estimated as a residual. Continuing the example above, the aggregate 

rural-urban population transition was 21.39 million persons during 2009-2010, of which 

13.71 million persons transited due to urban expansion. The estimated (net) migration 

therefore amounts to 21.39 – 13.71 = 7.68 million persons. 

Table 4.1 gives the results for the period 2006-2010, i.e. the years after the last 

change in the statistical standard to determine the rural and urban population. The table 

shows that the growth in urban population is mainly caused by rural-urban population 

transition and that both migration and urban expansion are important factors in this. On 

average, urban expansion and migration effects have an equal size but the results 

fluctuate over the years (and in no particular direction). To eliminate the effect of 

fluctuations, the average values over 2006-2010 in Table 4.1 are used in Assumption 4. 

That is, e = 9.18 million persons and g = 9.30 million persons. 

For the age-specific numbers of the rural population we use the 2010 population 

census data, which reflects the most recent state of the Chinese population. That is, 

𝑛𝑖
𝑟 = 𝑛𝑖 2010

𝑟  and �̃�𝑖
𝑟 = �̃�𝑖 2010

𝑟 . The third step estimates the age structures. The 

sex-specific age structure of the rural population in 2010 is used as an approximation for 

the age structure of rural-urban population transition due to urban expansion. Rural 

population shares are used because rural areas become urban. We have 𝑞𝑖
𝑒 = 𝑛𝑖 2010

𝑟 /

∑ (𝑛𝑖 2010
𝑟 + �̃�𝑖 2010

𝑟 )ℎ
𝑖<0  and �̃�𝑖

𝑒 = �̃�𝑖 2010
𝑟 /∑ (𝑛𝑖 2010

𝑟 + �̃�𝑖 2010
𝑟 )ℎ

𝑖<0 .  

There are no detailed data on the age structure of China‘s rural-urban migrants. 

China‘s population census data only report the age structure of total migrants, which 

includes urban-urban migrants and rural-rural migrants, next to rural-urban migrants. The 

age structure of total migrants (as reported in the 2010 population census) is thus used 

(after correction) as an approximation for the age structure of rural-urban migrants (i.e. 

                                                             
43 A similar approach was used by Hu (2003) to estimate the rural-urban population transition caused by urban 

expansion. In that study, data (from China Civil Affair’s Statistical Yearbook) on newly created towns were used.  Our 

study uses data on newly created residents‘ committees because of a more recent statistical standard to determine rural 

and urban areas.     
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𝑞𝑖
𝑔

 and �̃�𝑖
𝑔

). This treatment is also used by other researchers when studying rural-urban 

migration issues in China (see e.g. Zeng and Vaupel, 1989). We exclude migrants for 

marriage from the total migrants, because it is difficult for rural people to migrate to an 

urban area just for marriage (Sun and Fan, 2011). The share of young people will be 

smaller after correction than before, because the excluded migrants for marriage are 

generally young. 

The estimated age-specific rural-urban population transition rates are shown in 

Figure 4.5. They show a hump-shaped pattern, indicating a larger mobility of the young 

labor force (aged 15-49). Furthermore, the male population appears to be more mobile 

than the female population. 

 

Figure 4.5 The age-specific rural-urban population transition rates 

 

 

For the pace of the urbanization process, Assumption 4 is relevant. It is assumed that the 

age-specific rural-urban population transition rates are kept fixed in the period 2011-2030. 

This assumption is in line with the recent past and the most recent plans. Historical data 

show that the speed of urbanization process has been steady in recent decades. The 

increase in the urbanization rate was around 1.4 percentage point each year during 

2000-2010. The twelfth five-year plan (2011-2015) sets a target of a further 4 percentage 

points increase. This is the same as the target set in the eleventh five-year plan 

(2006-2010), which was actually exceeded. We therefore expect that the current fast 
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urbanization process will continue in the following years. 

 

4.5. The projections 

 

Taking the 2010 population census data as a starting-point, we have projected China‘s 

population from 2010 to 2030 with the rural-urban population model, using two fertility 

scenarios. The population is divided into 91 age groups: 0, 1, 2 … and 90+. For 

convenience, the detailed results for all 91 groups have been aggregated to 19 groups 

when reporting the projection results in Table 4.2 (for the constant fertility rate scenario, 

i.e. Assumption 2A) and in Table 4.3 (for the two children policy scenario, i.e. 

Assumption 2B). 

 

Table 4.2 The Chinese population projection result under the constant fertility rate 

scenario (%) 

Age  group 
2010 2020 (Projected) 2030 (Projected) 

Rural Urban Aggregate Rural Urban Aggregate Rural Urban Aggregate 

0-4 6.7 4.6 5.7 5.2 4.2 4.6 4.3 2.9 3.3 
5-9 6.1 4.5 5.3 5.8 4.4 4.9 4.7 3.5 3.8 

10-14 6.4 4.9 5.6 6.9 4.5 5.4 5.5 4.2 4.5 
15-19 7.0 8.0 7.5 6.0 4.6 5.1 5.9 4.5 4.9 

20-24 8.5 10.7 9.6 5.8 5.1 5.4 6.5 4.9 5.3 
25-29 6.5 8.7 7.6 6.0 7.8 7.1 5.2 5.0 5.1 

30-34 6.2 8.4 7.3 7.4 10.2 9.1 5.1 5.3 5.3 

35-39 8.0 9.7 8.8 5.6 8.3 7.3 5.4 7.7 7.0 
40-44 9.2 9.5 9.3 5.6 7.8 7.0 6.8 9.8 8.9 

45-49 7.8 8.0 7.9 7.6 8.7 8.3 5.4 7.9 7.2 
50-54 6.0 5.8 5.9 8.8 8.8 8.8 5.6 7.3 6.8 

55-59 6.6 5.6 6.1 7.3 7.4 7.4 7.6 8.1 8.0 
60-64 4.9 3.9 4.4 5.9 5.1 5.4 8.9 8.2 8.4 

65-69 3.5 2.7 3.1 6.2 4.9 5.4 7.0 6.9 6.9 

70-74 2.7 2.2 2.5 4.3 3.4 3.7 5.6 4.5 4.9 
75-79 2.0 1.6 1.8 2.7 2.1 2.3 5.2 4.3 4.6 

80-84 1.1 0.9 1.0 1.7 1.5 1.6 3.1 2.6 2.8 
85-89 0.5 0.4 0.4 0.9 0.8 0.9 1.5 1.3 1.4 

90+ 0.2 0.1 0.1 0.4 0.4 0.4 0.9 1.0 1.0 

0-14 19.2 14.0 16.6 17.9 13.2 14.9 14.5 10.5 11.6 
15-64 70.8 78.2 74.5 66.0 73.7 70.8 62.3 68.8 66.9 

65+ 10.1 7.8 8.9 16.2 13.1 14.3 23.2 20.7 21.5 

Urbanization 
rate 

  50.0   62.2   71.3 
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Table 4.3 The Chinese population projection result under the two children policy 

scenario (%) 

Age  group 
2010 2020 (Projected) 2030 (Projected) 

Rural Urban Aggregate Rural Urban Aggregate Rural Urban Aggregate 

0-4 6.7 4.6 5.7 5.5 4.7 5.0 6.0 4.7 5.1 

5-9 6.1 4.5 5.3 5.9 4.4 5.0 6.6 4.5 5.1 

10-14 6.4 4.9 5.6 6.9 4.5 5.4 5.5 4.5 4.8 

15-19 7.0 8.0 7.5 6.0 4.5 5.1 5.7 4.4 4.8 

20-24 8.5 10.7 9.6 5.8 5.1 5.3 6.2 4.7 5.1 

25-29 6.5 8.7 7.6 6.0 7.8 7.1 5.0 4.8 4.9 

30-34 6.2 8.4 7.3 7.3 10.1 9.1 4.9 5.1 5.1 

35-39 8.0 9.7 8.8 5.6 8.2 7.2 5.2 7.4 6.8 

40-44 9.2 9.5 9.3 5.6 7.7 6.9 6.5 9.4 8.6 

45-49 7.8 8.0 7.9 7.5 8.7 8.3 5.1 7.6 6.9 

50-54 6.0 5.8 5.9 8.8 8.7 8.7 5.4 7.0 6.6 

55-59 6.6 5.6 6.1 7.3 7.4 7.3 7.3 7.8 7.7 

60-64 4.9 3.9 4.4 5.8 5.1 5.4 8.5 7.9 8.1 

65-69 3.5 2.7 3.1 6.1 4.9 5.4 6.7 6.7 6.7 

70-74 2.7 2.2 2.5 4.3 3.3 3.7 5.4 4.4 4.7 

75-79 2.0 1.6 1.8 2.7 2.1 2.3 5.0 4.1 4.4 

80-84 1.1 0.9 1.0 1.7 1.5 1.6 2.9 2.5 2.7 

85-89 0.5 0.4 0.4 0.9 0.8 0.8 1.4 1.3 1.3 

90+ 0.2 0.1 0.1 0.4 0.4 0.4 0.8 1.0 0.9 

0-14 19.2 14.0 16.6 18.3 13.6 15.3 18.1 13.7 15.0 

15-64 70.8 78.2 74.5 65.7 73.4 70.4 59.7 66.3 64.4 

65+ 10.1 7.8 8.9 16.1 13.1 14.2 22.2 20.0 20.6 

Urbanization 
rate 

  50.0   62.2   71.1 

 

Figure 4.6 graphs the projections for the total population under the two scenarios. It 

shows that China‘s population will first grow and will then gradually turn to decrease 

under the constant fertility rate scenario. The peak will be reached around 2027, with a 

population of 1403.5 million, and the total population in 2030 will be 1402.1 million. 

Under the two children policy scenario, China‘s population will continue to grow during 

the entire 2011-2030 period. The total population will reach 1458.4 million in 2030, 

which is 4% more than the projection under the constant fertility rate scenario.  
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Figure 4.6 Total population (2010-2030) 

 

 

Figure 4.7 gives the projections for the total labor force and shows a decreasing pattern in 

the following two decades. In particular from 2025 onwards, China‘s labor force will 

experience a steep decline. This is because the Chinese baby boom generation born in the 

1960s will start retiring in 2025. The total labor force will decrease between 2010 and 

2030 with approximately 6% (from 998.8 million persons to 938.2 million persons under 

the constant fertility rate scenario and to 939.2 million persons under the two children 

policy scenario). Observe that the projections for the total labor force are exactly the 

same for both fertility scenarios in the years 2011-2028. The reason is that the labor force 

in this study is defined as the population aged 15-64 and that the total fertility rate in the 

two children policy scenario starts to increase in 2014. The policy adjustment starts to 

affect the labor force only when the first babies under the two children policy enter the 

labor at the age of 15, which is in 2029. To get some insight in the different effects of 

both scenarios on the labor force, we have extended our projections to 2050. Figure 4.7 

shows that the labor force will continue to decrease, despite the effects of rising total 

fertility rate on the labor force from 2029 onwards. The two children policy cannot 

reverse the decreasing trend in China‘s labor force in the next 40 years, although it does 

slow down the decline. As Figure 4.7 shows, the gap between the results for the two 

fertility scenarios is widening from 2029 onwards. 
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Figure 4.7 Total labor force (aged 15-64, 2010-2050) 

 

 

Table 4.2 gives the projections for each age group, assuming fertility rates that are fixed 

at the level of 2010. In the following two decades China will experience a rather fast 

ageing process. The share of the age group 65+ in China‘s population will increase from 

8.9% in 2010 to 14.3% in 2020 and 21.5% in 2030. In 2010, there are almost twice as 

many young people in China (aged 0-14) than there are old people (aged 65+). In 2020, 

the sizes will be more or less the same. In 2030, however, there will be almost twice as 

many old people as there will be young people.  

For the rural population, the share of the population aged 65+ increases from 10.1% 

in 2010 to 16.2% in 2020 and to 23.2% in 2030. The gap with the urban share of old 

people increases from 2.3 %-points in 2010 to 3.1 %-points in 2020, after which it 

shrinks somewhat to 2.5 %-points in 2030. This indicates that the ageing problem in 

China continues to be more serious in rural areas than in urban areas in the following 

decades. This is due to the fact that many young rural people will move to urban areas 

during the process of fast urbanization and industrialization. Meanwhile, the share of the 

labor force (aged 15-64) in China‘s total population will decrease from 74.5% in 2010 to 

70.8% in 2020 and 66.9% in 2030. 

If the current child policy is gradually loosened to a ―two children‖ policy for all 

Chinese, Table 4.3 shows that the share of population aged 65+ reaches 20.6% in 2030. 

This is only 0.9 %-points lower than the projection for the constant fertility rate scenario 
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(based on the situation in 2010, which was a ―one-child‖ policy in urban areas and a ―two 

children‖ policy in rural areas). Both fertility scenarios yield projections for the age group 

65+ that are very close to each other also for the rural and urban population separately. 

This finding implies that at least in the following two decades the ―two children‖ policy 

as recommended by several researchers cannot alleviate China‘s upcoming ageing 

problem very much.  

Tables 4.2 and 4.3 show that also the projected urbanization rates in the two fertility 

scenarios are very close. Under the ―two children‖ policy, the increase in the total fertility 

rates for the rural and urban population are basically the same, which leads to very 

similar effects on the growth of the rural and urban population. Because the rural-urban 

population transition rate is small for the infant group (see Figure 4.5) and because 

infants have a small share in the total rural population, transition only leads to a very 

minor increase in the urban population. The fertility rate changes in our scenarios 

therefore do not affect China‘s urbanization process. If the estimated rural-urban 

transition rates for 2010 are fixed in the following two decades, the projections show that 

China‘s fast urbanization process will continue. That is, China‘s urbanization rate will 

reach 62% in 2020 and 71% in 2030. For developed countries, the current urbanization 

rate is around 80%.
44

 When compared with developed countries, China‘s urbanization 

level will still lag behind in the following two decades, even if it continues its current fast 

urbanization process.  

 

4.6. A comparison of projections 

 

The United Nations (2013) recently revised its projections for the Chinese population on 

the basis of China‘s 2010 population census data. According to UN‘s result for the 

constant fertility rate scenario, the share of population aged 65+ will reach 11.7% in 2020 

                                                             
44 In 2011, the urbanization rates were 82% in the US, 91% in Japan, 74% in Germany, 86% in France, and 80% in 

Great Britain. 
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and 16.4% in 2030.
45

 This is considerably lower than our projections, for which there are 

three reasons. First, although the UN revised its projection on the basis of  China‘s 2010 

population census data, we find that the 2010 population structure they report is quite 

different from the structure in the original data. According to UN (2013), the population 

in the age groups 0-14 is 18.1% of the total population in 2010, that in age groups 15-64 

is 73.5%, and the share of the age group 65+ is 8.4%. However, the corresponding figures 

in the original 2010 population census are 16.6%, 74.5% and 8.9%, respectively. The 

share of the young population is 1.5% larger in the UN data than in the census data that 

we have used. The shares for the labor force and the old people are smaller. This 

difference in starting point will obviously affect the projections in later years. Second, the 

UN projection for China‘s future mortality pattern is obtained by using data from 

developed countries. Our projections use the future age-specific mortality rates as 

estimated by the Lee-Carter model. These estimates are based on China‘s development 

pattern of mortality rates between 2000 and 2010, using Chinese population census data. 

We believe that modeling China‘s mortality rates by using the country‘s own data is more 

realistic than using the data of developed countries.  

Third, our model distinguishes between the rural and the urban population, and takes 

urbanization into account. As mentioned before, their demographic features of the two 

population groups are very different in terms of fertility, mortality and migration. The 

fertility rate and the mortality rate of the urban population are significantly smaller than 

those of the rural population. At the same time, a fast urbanization process will take place 

in the following two decades. If urbanization is taken into account the share of the urban 

(rural) population is larger (smaller) than in the case where urbanization is neglected. The 

average fertility and mortality rate of China‘s population as a whole (using the share of 

urban and rural population as weights) are thus smaller when urbanization is accounted 

for than in the case where urbanization is neglected. Smaller fertility and mortality rates 

(when urbanization is implemented in the model) yield a larger share of old people in the 

                                                             
45 In its projection result with their medium fertility rate scenario, the share of population aged 65+ in 2020 and 2030 

are 11.7% and 16.2%, very close to the projection result with constant fertility rate scenario. For the high fertility rate 

scenario, the share of population aged 65+ in 2020 and 2030 are 11.4% and 15.4%, 0.3 and 0.8 percentage points less 

than the constant fertility rate scenario. For the low fertility rate scenario, the share of population aged 65+ in 2020 and 

2030 are 12.0% and 17.1%, 0.3 and 0.7 percentage points higher than the constant fertility rate scenario. 
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projections. That is, not taking urbanization into account will lead to a share of people 

aged 65+ that is smaller than when urbanization is accounted for in the model.  

To quantify the effect of separating the rural and urban population, we have also 

made age-specific population projections with a version of the model where the 

rural/urban distinction is not built in. In the constant fertility rate scenario, the share of 

population aged 65+ in 2030 will be 21.0%. This is 0.5 %-points less than the result with 

our full rural-urban population model (see Table 4.2). The difference is comparable to the 

effect caused by the two children policy (0.9 %-points less than in the baseline scenario 

with constant fertility rate). Therefore, the rural and urban population need to be modeled 

separately when projecting the Chinese population. The effect of modeling them 

separately is of the same order as the effect one would like to investigate (i.e. the change 

in child control policy).  

Another recent projection of China‘s population was presented by Mai et al. (2013). 

Their projection is for the period up to 2050 and they use 2000 population census data 

(because 2010 population census data were not published when they made their 

projections). They run several scenarios and the lowest total fertility rate they assume is 

1.50, which is much larger than the 1.18 that the NBS published for 2010. Their model 

does not distinguish between the rural and urban population. With a total fertility rate of 

1.50 and a medium pace of mortality improvement, their projections for the share of 

population aged 65+ are around 12% in 2020 and 17% in 2030, clearly lower than our 

projections. The different assumptions for the total fertility rate, the different approaches 

for modeling future mortality rates, the different base year data, as well as neglecting the 

rural-urban demographic heterogeneity will all have contributed to the differences in the 

projections.  

Furthermore, forecasts for the urbanization rate of China in 2020 and 2030 have 

been published. For instance, the forecasts by the United Nations (2012) are 61.0% in 

2020 and 68.7% in 2030, which is quite close to our own forecasts. This also holds for 

the forecasts by Zheng (2011), i.e. 60% in 2020 and 70% in 2030, which are obtained 

from a direct extrapolation of time series of past urbanization rates. 

Summarizing, forecasts for the age-specific population shares (and thus ageing) 

appear to be sensitive to the underlying assumptions for fertility and mortality rates and 
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to the inclusion of rural-urban demographic heterogeneities. Forecasts for the 

urbanization appear to be more robust. 

 

4.7. Conclusions 

 

China is expected to experience a fast ageing process in the following two decades, partly 

due to the ageing of the large baby boom generation born in 1960s. In order to make 

projections, we developed a rural-urban population model. The model takes into account 

(i) that fertility and mortality rates differ between rural and urban population, and (ii) that 

China‘s urbanization process reflects changes in the relative sizes of these two 

subpopulations. 

Our projections have been conducted under two fertility scenarios. First, the 

constant fertility rate scenario assumes that the child control policy will not change. The 

total fertility rates and the age-specific fertility rates are fixed during the projection period 

at the levels of 2010. Second, the ―two children‖ policy scenario reflects the possibility 

that the Chinese government may relax its current child control policy and will allow all 

couples to have a second child. The total fertility rates are fixed at the 2010 levels during 

2011-2013, after which they increase linearly during 2014-2020 to 2.27 for the urban 

population and 1.80 for the urban population, which are the levels assumed for the period 

2021-2030. 

The population projections showed that in the fixed fertility scenario the peak of 

China‘s total population will occur in 2027 with 1404 million people (and 1402 in 2030). 

In the other scenario, the population will continue to grow which will yield an additional 

56 million people in 2030. Further findings that held for both scenarios were the 

following. (1) China will experience a fast ageing process in the following two decades. 

The population aged 65+ as a share of China‘s total population will be above 20% in 

2030. (2) The ageing problem will be more serious in the rural areas than in the urban 

areas due to rural-urban migration (which is an important factor in the urbanization 

process), mainly by young people. In 2030, the share of population aged 65+ will be 

more than 2 %-points larger for the rural population than for the urban population. (3) 
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China will experience a fast urbanization process, also in the following two decades. The 

urbanization rate will increase from 50% in 2010 to 71% in 2030. 

Our projections also showed that the size of the Chinese labor force will continue to 

decrease in the following two decades. The total labor force will decrease by 6% between 

2010 and 2030. Because it takes at least 15 years before a new birth enters the labor force, 

the steady decline of the labor force cannot be reversed in our projection period 

(2011-2030) by loosening the child control policy from 2014 onwards. The decreasing 

size of the labor force may negatively affect China‘s long-run economic growth. It 

certainly indicates the importance of raising the labor productivity for China‘s future 

economic development.  

Finally, we would like to point out that also our projections suffer from limitations. 

One of them is the exogeneity of the total fertility rates in our model, for which two 

scenarios were used. Future work might be devoted to endogenizing the total fertility 

rates. Economic growth, for example, has been proved to be an important determinant of 

age-specific fertility rates. Another limitation is that our forecasts of the mortality rates 

also do not take medical, social and economic growth into account. Endogenizing the 

fertility and mortality rates in our model would be an interesting future step. A similar 

line of reasoning applies to our treatment of rural-urban migration rates. We consider 

these to be constant over time for each age. It is well-known, however, that rural-urban 

migration rates are dependent on relative income levels in rural and urban areas (see, for 

example, Zhu, 2002; Zhang, 2012). The differences between rural and urban income 

levels can vary over time, for example as a consequence of positive agglomeration effects 

and negative congestion effects in urban economic activity. We do not have reliable 

indicators for future relative income levels, but our analysis could be enriched by 

endogenizing rural-urban migration under multiple scenarios with differential rates of 

economic growth in rural and urban areas.     
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Appendix 

 

Appendix 4.1  

Estimation of the Lee-Carter model 

 

First, we would like to point out that the estimation result for Equation (4.1) is not unique. 

For instance, if ),( ti v  is a solution, then for any non-zero constant c, )/,( cvc ti  is 

also a solution. The model in (4.1) is underdetermined and two constraints are required 

for unique identification of the parameters (Girosi and King, 2008).
46

 

 

∑ �̂�𝑖
2ℎ

𝑖<0 = 1 and ∑ 𝑣𝑡
𝑇
𝑡<1 =    

 

Later, we will see that these two constraints are satisfied automatically in the estimation 

procedure. The constraint ∑ 𝑣𝑡
𝑇
𝑡<1 =   immediately implies that �̂�𝑖  equals ln𝑚𝑖

̅̅ ̅̅ ̅̅ =

∑ ln𝑚𝑖𝑡
𝑇
𝑡<1 /𝑇, the average of ln𝑚𝑖𝑡 over time for age group i.  

Next, we estimate 𝛽𝑖 and 𝑣𝑡. Let �̃�𝑖𝑡 = ln𝑚𝑖𝑡 − ln𝑚𝑖
̅̅ ̅̅ ̅̅  (centered log mortality rate), 

then (4.1) can be rewritten as 

 

ittiit vm  ~                                                 (A 4.1.1) 

 

In matrix form: 

 

ΕβvM  '
~

                                                  (A 4.1.2) 

 

with Thitm  )~(
~
M , 1)(  hiβ , 1)(  Ttvv , Thit  )(Ε . 

                                                             
46

 Lee and Carter (1992) use ∑ �̂�𝑖
ℎ
𝑖<0 = 1 as the constraint for �̂�𝑖, while Girosi and King (2008) use 

∑ �̂�𝑖
2ℎ

𝑖<0 = 1 (i.e.  ̂ is a vector with Euclidean length 1). We adopt the latter constraint because it 

simplifies some of the calculations in the singular value decomposition, whilst it has no bearing on the 

empirical applications. 
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The age-specific mortality rates (or actually their transformations �̃�𝑖𝑡) in each time 

period (i.e. 2000 and 2010) are the observations used to estimate the parameters. As Lee 

and Carter (1992, p. 661) write: ―The model cannot be fit by ordinary regression methods, 

because there are no given regressors; on the right side of the equation we have only 

parameters to be estimated and the unknown indexes 𝑣𝑡.‖   Estimating the parameters 

β  and v  in Equation (A 4.1.2) is to find two vectors β̂  and  v̂ , for which 'ˆˆvβ  

approximates the matrix M
~

 best. The estimates for the parameters can be obtained by 

applying the singular values decomposition (SVD)  on matrix M
~

 (Lee and Carter, 

1992; Girosi and King, 2008). M
~

 can be decomposed as 

    

'
~

USPM Th
                                                        (A 4.1.3) 

 

where S  is a hh  diagonal matrix with nonnegative numbers hsss ,...,, 21  (which are 

ordered in a descending way and which are called singular values of M
~

) on the main 

diagonal. U  is a hh  orthonormal matrix ( IUU '
) and its columns  Nuuu ,...,, 21  

are called left-singular vectors of M
~

. P is a hT   matrix whose columns are mutually 

orthonormal if hT   or whose first T columns are mutually orthonormal and the 

remaining columns are zeroes if hT  . The columns hppp ,...,, 21  are called 

right-singular vectors of M
~

. If the rank of M
~

 is equal to r, then M
~

 has r positive 

singular values. Equation (A 4.1.3) can then be further rewritten as  

 

''

222

'

111 ...
~

rrrsss pupupuM   

 

The matrix 
'

111 pus  corresponding to the largest singular value gives the best 

approximation to M
~

 in the least-squares sense ( Girosi and King, 2008). Therefore, the 

estimate of β  is obtained as 1
ˆ uβ   (i.e. the first column of matrix U ) and the estimate 

of 'v  is obtained as 
'

11'ˆ pv s  (the product of the first diagonal element of S  and the 

first row vector of 'P ). Alternatively, the estimate of 'v  can also be obtained as 
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Mβv
~

'ˆ'ˆ   (because '
~'

SPMU  ).  

Since β̂  is the first column of the orthonormal matrix U , its length is equal to 1. 

The constraint ∑ �̂�𝑖
2ℎ

𝑖<0 = 1is thus satisfied. In addition, because �̃�𝑖𝑡 = ln𝑚𝑖𝑡 − ln𝑚𝑖
̅̅ ̅̅ ̅̅  

the row sums (i.e. summing over t) of M
~

 is equal to 0. Therefore, we have 

0
~

'ˆ'ˆ  iMβiv  (where i  is a column vector with ones), i.e. the constraint ∑ 𝑣𝑡
𝑇
𝑡<1 =   

is satisfied. 



 

Chapter 5  

The impact of demographic changes on the future occupational 

composition of labor demand in China 

 

 

5.1. Introduction 

 

China is expected to experience massive demographic changes in the following decades. 

The ageing process will speed up because of the low fertility rate caused by the one child 

policy launched in the 1980s and the ageing of the large ―baby boom generation‖ born in 

the 1960s. According to the projections in Chapter 4, the share in the total population of 

the population aged 65+ will increase from 9% in 2010 to 22% in 2030. The number of 

working-age persons will decrease by about 6% between 2010 and 2030, irrespective of 

whether the birth control policy will be relaxed in the short run or not. Meanwhile, 

China‘s rapid urbanization process is expected to continue. According to the projections 

in Chapter 4, the urbanization rate (the proportion of the total population living in urban 

areas) will increase from 50% in 2010 to 71% in 2030. 

Massive demographic changes can have important impacts on several aspects of the 

socio-economic system, as it affects saving behavior, capital formation, labor supply, tax 

rates and real wages, among many other issues (Miles, 1999). This study attempts to 

evaluate the impact of China‘s demographic changes on the demand for people with the 

capabilities to perform tasks related to specific occupations in the following two decades. 

Such forecasts are important, if only because (i) training usually takes a quite long period 

(training via education in colleges and universities usually takes at least three or four 

years in China) and (ii) structural change of the workforce is a slow process, because 

recent graduates form only a small part of the entire workforce at any point in time. 

Devising appropriate education plans now can help to avoid costly (and from the 
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perspective of the involved workers possibly painful) employment adjustment and 

retraining activities in the future. 

In this chapter, changes in occupation-specific labor demand are assumed to be 

mainly driven by changes in the level and composition of household consumption, as a 

consequence of demographic shifts (see Deaton and Muellbauer, 1980a, for seminal 

studies into links between demographic characteristics of households and their 

consumption decisions). Demography-driven changes in household consumption will 

cause changes in output levels of industries, directly and indirectly via intermediate input 

requirements. Since labor productivity levels (and growth rates), as well as the 

occupational structure of employment vary across industries, changes in industry output 

will cause changes in economy-wide occupation-specific labor demand.   

The relationships between demographic changes and occupation-specific worker 

demand are modeled by integrating a standard open input-output model with a 

demography-driven demand system and industry-occupation-specific employment 

accounts. The demography-driven demand system is implemented using data from the 

Chinese Household Income Project 2002 (CHIP 2002). The industry-occupation-specific 

employment account is constructed by the National Bureau of Statistics (NBS) of China 

based on the 2010 population census data.  

In a sense, the approach in this chapter resembles the analysis of Leontief and 

Duchin (1986). They evaluated the future impact of the rapid computerization of the U.S. 

society on the occupational structure of employment in the period 1980-2000. Leontief 

and Duchin‘s focus on the impacts of technological change embodied in capital goods led 

them to employ a dynamic input-output model. For the purposes of this study, a static 

model with certain time-dependent parameters and exogenous variables suffices. The 

analysis presented in this chapter is also related to some other parts of the literature. The 

important linkages between variables of consumption, migration and aggregate 

(un)employment have been studied by means of input-output-based approaches before, 

for example by Batey and Madden (1981) and Madden and Batey (1983). Yoon and 

Hewings (2006) and Kim et al. (2015) study the impact of ageing and income distribution 

on the economy (of Chicago) by linking an ―almost ideal demand system‖ (Deaton and 

Muellbauer, 1980b) to an input-output model, but do not focus on the structure of 
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employment.  

This chapter is organized as follows. Section 5.2 gives a brief introduction to 

China‘s future demographic changes, summarizing the results obtained in the previous 

chapter. In Section 5.3, we outline the model that we employ to link demographic 

changes to China‘s future occupation-specific labor demand. Section 5.4 quantifies 

differences in the consumption behavior of households with different demographic 

characteristics, using data from CHIP 2002. These results indicate that the expected 

changes in the Chinese age structure and rapid urbanization will most likely have sizable 

impacts on the mix of products that Chinese citizens will consume, and therefore also on 

the types of labor that the Chinese economy will need in 2030. Section 5.5 carefully 

describes the scenarios that have been designed to evaluate these impacts. Two scenarios 

are proposed, a baseline scenario and a scenario in which Chinese economic growth will 

slow down, partly as a consequence of a lower exports growth. The results of simulations 

of the model for both scenarios are presented in Section 5.6, which also quantifies the 

extent to which the results are due to demographic changes. Section 5.6 also briefly 

discusses the implications for China‘s education and training plans. Section 5.7 

concludes. 

 

5.2. Demographic changes in China 

 

As discussed in Chapter 4, China will experience a fast ageing process in the following 

two decades. This process is mainly driven by the ageing of the large ―baby boom 

generation‖ born in the 1960s, the low fertility rate caused by the one child policy and the 

reduction of the mortality rate. Over the next two decades, China will most probably 

experience a continuation of its fast urbanization process. Rural workers move to work in 

urban areas with better employment opportunities and areas that once were rural become 

urban. 

The projections in Chapter 4 can be summarized as follows. The urbanization rate 

(the share of the population living in urban areas) will increase from 50% in 2010 to 71% 

in 2030, and the predicted changes in the age group distribution are depicted by Figure 
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5.1. The share of the population of retirement age and above (65+) will increase 

substantially, while the share of the working-age population (aged 15-64) will decrease 

substantially, from 75% in 2010 to 67% in 2030. For the rural population, the ageing 

problem is even more serious, as a consequence of young people migrating to the cities. 

In 2030, only 62% of the rural population will have an age between 15 and 64.  

 

Figure 5.1 The age structure of China’s population in 2010 (actual) and 2030 

(projected) 

  

 

The limited future availability of labor will have important consequences for China 

anyway, but the problems will be even more pressing if the capabilities of the labor force 

will not be appropriate for the tasks demanded in the Chinese economy in 2030. Rapid 

demographic changes inevitably lead to rapid structural change, as households with 

different demographic characteristics tend to have different consumption profiles. In the 

next section, a model will be presented that projects the consequences of demographic 

changes for the occupational composition of the demand for labor in China in 2030.  

 

5.3. A dynamic model to predict future employment demand 

 

Many empirical studies find that households with different demographic characteristics 

behave differently with respect to consumption (Deaton and Muellbauer, 1980a). For 

instance, we may expect that young people spend higher shares of their budgets on 
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transportation consumption than old people do, and that old people spend higher shares of 

their budgets on health and medical care consumption than young people. An urban 

household is expected to spend on average more than a rural household because of the 

large income disparity between rural households and urban households. China‘s future 

demographic changes in terms of ageing and urbanization are then expected to have an 

important impact on China‘s aggregate household consumption, both on its level and on 

its structure.  

From the demand side, changes in household consumption will cause changes in 

gross output levels of industries via industry linkages. Furthermore, the occupational 

composition of employment varies across industries. For instance, the agriculture 

industry requires a large share of crop production workers, while the health service 

industry requires a large share of health technicians. Therefore, changes in gross output 

levels of industries will cause changes in occupational labor demand in the Chinese 

economy as a whole. To measure this impact, as Figure 5.2 illustrates, an input-output 

model, a demography-driven demand system and an industry-occupation-specific 

employment account should be integrated. 
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Figure 5.2 A schematic diagram for the occupation-specific labor demand model 

 

 

 

5.3.1. The input-output model 

The input-output model is used as a basic module. Other modules, such as the demand 

system and the industry-occupation-specific employment accounts are linked to it. The 

input-output model has widely been applied in employment analysis (see, among many 

other studies, Leontief and Duchin, 1986; Wolff, 2006; Gunluk-Senesen and Senesen, 

2011). 

The traditional input-output model can be written as  

 

)()( 1
gcLLffAIx  

                                         

   

with 

x : the gross output vector ( 1n , in which n denotes the number of industries) 

A : the domestic input coefficients matrix ( nn ) 

1)(  AIL : the Leontief inverse matrix ( nn ) 

f : a vector of final demand for domestic products ( 1n ). It can be further split into the 

(nx1) household consumption demand vector c  and the (n×1) other final demand 

(government expenditures, investments and exports) vector g . 
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The Leontief inverse matrix is the core of the input-output model. Its typical 

element ijl  indicates the direct and indirect effects of a one unit change in the final 

demand for the output of  industry j on the gross output of industry i. If the value added 

ratio for industry j is defined as jjj xvw  , (vj is the value added of industry j), the total 

value added v (or GDP) for an economy can be expressed as 

 

)(' gcLw v  

 

where 'w  is a row vector of value added ratios.  

We distinguish d different occupations and use ije to denote the number of workers 

with occupation i employed in the production of industry j. The occupation-specific labor 

coefficients ijq can then be defined as jijij xeq  . The number of workers in each 

occupation required to satisfy the final demand )( gcf   is  

 

)( gcQLe                                                                                                                          

 

where e  is an (d×1) vector of occupation-specific workers and
 
Q is the (w×n) matrix of 

occupation-specific labor coefficients.  

Incorporating the time dimension in the analysis, we have the following equations 

for occupation-specific labor demand and GDP in the starting year t (e.g. 2010 in our 

analysis). Data for all variables involved are assumed to be available for t. 

 

  )( ttttt gcLQe                                                 (5.1) 

 

  )('

tttttv gcLw                                                (5.2) 

 

The next subsections describe how the variables on the right hand sides of Equations (5.1) 

and (5.2) are assumed to change over time.   
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5.3.2. The household consumption model 

To model the impact of demographic changes on household consumption, households 

should be distinguished according to: (i) the age group to which the head of the 

household belongs, and (ii) the type of region (urban or rural) in which the household 

lives. If we denote the number of age groups by m, we thus distinguish between 2m 

household groups in total.  

In an economy, households obtain income from the distribution of Gross National 

Income (GNI) and spend it on various types of commodities. In the input-output 

framework, however, only the generation of value added by domestic industries is 

included. These value added figures by industry add up to Gross Domestic Product 

(GDP). According to 2008 SNA (United Nations et al., 2009), the difference between 

GNI and GDP is the net primary income received from abroad. Part of China‘s GDP 

accrues as capital income to foreign investors and is therefore not part of its GNI. Income 

earned by Chinese-owned firms and households as a consequence of their foreign assets, 

however, does not add to China‘s GDP but is part of its GNI. Since our modeling 

framework does not explicitly include foreign direct investment, we simply assume that 

the ratio between GNI and GDP remains stable over time: 

 

tt vm                                                          (5.3) 

 

where tm  is GNI in year t; tv again is GDP in year t;   is the ratio between GNI and 

GDP. Figure 5.3 shows that assuming a stable   is not too much of a simplification of 

empirical reality for China, despite the dynamism of its inward and outward FDI activity. 
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Figure 5.3 Ratios of GNI to GDP over time 

 

 
Source： NBS (2014) 

 

Next, we model the generation of income for different groups of households. We assume 

that income distributions within each household group do not change over time and that 

these within-group distributions are completely flat: all households in the same group 

receive the same income. We therefore have the following relationship between GNI and 

the income of households in the groups: 
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with 

r

kty
 
the income of each rural household in age group k; 

u

kty  the income of each urban household in age group k; 

r

kty
 
the average income over all rural households in age group k; 

u

kty  the average income over all urban households in age group k;  

r

kta
 
and u

kta  the shares of r

kty
 
and u

kty
 
in the GNI of year t, respectively. 

 

Regarding household consumption, we first model the total consumption level for each 

household and then deal with its composition in a second step. We assume that 
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consumption in year t+1 is determined by household income in year t, and that all 

households in each group have identical propensities to consume. These assumptions 

yield the following relationship between the consumption levels for year t+1 and the 

income level in year t for each household in group k. 
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with 

r

tkz )1(  the total consumption level of each rural household in age group k in year t+1; 

u

tkz )1(  the total consumption level of each urban household in age group k in year t+1; 

r

tkz )1(  the average total consumption level over all rural households in age group k in year 

t+1;  

u

tkz )1(   the average total consumption level over all urban households in age group k in 

year t+1; 

r

tkb )1(  and u

tkb )1(   the propensity to consume for rural and urban households in age group k, 

respectively. 

 

Combining Equations (5.3)-(5.5), the total consumption level for each type of household 

in year t+1 can be linked to GDP in year t:  
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Equation (5.6) implies that if r

ka , u

ka , r

kb and u

kb are fixed over time, the income 

distribution over households in different groups will not change over time, and the 

growth rate of average consumption for each group over the next year is the same as the 

GDP growth rate over the current year. If r

ka , u

ka , r

kb and u

kb  would vary over time, 

however, the income distribution over households in different groups would change and 

group-specific consumption growth rates could be different from the GDP growth rate. 
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The composition of household consumption usually changes with growth in the 

consumption level, along so-called Engel curves. Let 
r

tiks )1(  and 
u

tiks )1(  denote the share 

of consumption category i in the value of total consumption of each rural and each urban 

household in age group k in year t+1 (i.e. 
r

tkz )1(  and 
u

tkz )1(  ), respectively. The 

relationship between 
r

tiks )1(   and
r

tkz )1(  , as well as 
u

tiks )1(   and 
u

tkz )1(  are specified as 
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Section 5.5 will show that this specification is a reduced form of the Almost Ideal 

Demand System (Deaton and Muellbauer, 1980b), which satisfies many desirable 

properties when empirically implemented. If a product tends to become relatively more 

important in the consumption of a specific type of household when its income grows, the 

associated β will be positive. This situation occurs for ―luxury‖ products. For a ―basic‖ 

product, the value share in consumption will decrease with the income level and a 

negative β applies.    

When the total consumption level and its corresponding consumption structure are 

determined for each type of household, the household consumption bundle of the whole 

economy in year t+1 (denoted as 1tc ) can be determined: 
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with 

r

tk )1( s ,
u

tk )1( s the consumption structure vectors consisting of 
r

tiks )1(   and 
u

tiks )1(  for each 

household in group k, in rural and urban areas, respectively; 

r

tkh )1(  ,
u

tkh )1(  the numbers of rural and urban households in age group k in year t+1, 

respectively.  

 

The assumptions made regarding the evolution of numbers of households in each of the 
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2m groups will be discussed in Section 5.5. These are identical to the assumptions that 

underlie the analysis in Chapter 4. 

Inserting changing household consumption vectors into Equations (5.1) and (5.2) 

yields changing occupation-specific worker demand and GDP, but it is very unlikely that 

other elements of the right hand side of these equations (i.e. 1tQ , 1tL and 1tg ) will 

remain constant over time. They are assumed not to depend on other variables in the 

model and are projected on the basis of scenarios and assumptions (see Section 5.5 for 

details). The elements of the occupation-specific labor requirements matrix 1tQ  are 

mainly affected by changes in labor productivity. Technical coefficients (defined as the 

sum of the value of a specific domestically produced input and the value of the same 

imported product, divided by gross output of the purchasing industry) are assumed to 

remain stable over time. Values for the elements of the Leontief inverse 1tL  are 

assumed to change, however, as a consequence of substitution of imported intermediate 

inputs by domestically sourced intermediates. This will affect the matrix with domestic 

input coefficients A, of which the Leontief inverse 
1)(  AIL   is a transformation. 

The projections of 1tg  are based on scenarios for the future growth of investment and 

export demand. 

When values for period t+1 for household consumption, other final demand, the 

Leontief inverse, and occupation-specific labor requirements per unit of gross output are 

fed into Equation (1), the demand levels for labor of specific occupations in period t+1 

are determined. Furthermore, if value added coefficients are assumed to remain constant 

over time, GDP in year t+1 can also be determined:  

 

)( 11111   ttttt gcLQe                                                                                                    

 

)( 111
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Given GDP in t+1, Equations (5.6) and (5.7) determine household consumption levels 

and compositions for t+2, which together with information for t+2 from the scenarios 
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regarding the remaining variables in Equations (5.1) and (5.2) yields GDP in t+2. 

Repeating this procedure, demand for occupation-specific labor can be projected further 

into the future. Besides generating indications of the occupational composition of 

employment, the modeling strategy also allows for a quantification of the effect of 

demographic change: if the numbers of rural and urban households in the various age 

groups are fixed at the level of the initial year, the dynamics of occupation-specific 

worker demand without demographic changes can be obtained. The impact of 

demographic changes on occupation-specific worker demand can thus be calculated as 

the difference between the projections with demographic changes and those results 

obtained assuming a stable structure of the population. 

 

5.4. Chinese households: Demographic characteristics and consumption behavior 

 

As the model summary in Figure 5.2 and the discussion in the previous section showed, 

the impact of demographic changes on employment demand is caused by differences in 

household consumption. Therefore, the relationship between demographic factors and 

household consumption plays a crucial role in our model. Hence, the analyses in this 

section mainly focus on the consumption levels (i.e. r

kz and u

kz ) and the consumption 

structures (i.e. r

ks and u

ks ) for the different types of households considered. The Engel 

curves for the different types of households will be discussed in the next section.  

 

5.4.1. Consumption data by age-specific household group 

The consumption data used in our analysis have been obtained from the Chinese 

Household Income Project 2002 (CHIP 2002), a joint research project sponsored by the 

Institute of Economics at the Chinese Academy of Social Sciences, the Asian 

Development Bank, and the Ford Foundation.
47

 The datasets were released in 2008 and 

                                                             
47

 The data are available on http://www.icpsr.umich.edu/icpsrweb/ICPSR/studies/21741 
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the most recent revision took place in 2009. 

 The CHIP 2002 data was collected through a series of questionnaire-based 

interviews conducted in rural and urban areas, at the end of 2002.  It is a subsample of a 

much larger sample drawn by the National Bureau of Statistics (NBS) of China. The 

CHIP 2002 data cover 12 province-level regions. Beijing, Guangdong, Jiangsu and 

Liaoning represent the coastal part of China. Anhui, Henan, Hubei and Shanxi represent 

the central regions, while Chongqing, Gansu, Sichuan and Yunnan are the Western 

provinces covered by the data. In total, 9200 rural households and 6835 urban households 

were surveyed. The attributes of the households and the individual household members 

included in the data are quite comprehensive. Hence, the CHIP 2002 data have been used 

in many academic studies (see, for example, Démurger et al., 2009; Appleton et al., 2010; 

Baldacci et al., 2010; Wei and Zhang, 2011; and Liu, 2012). 

 In the CHIP 2002 data, urban household consumption includes eight broad 

consumption categories: (1) food; (2) clothing; (3) home equipment, facilities and 

services; (4) health and medical care; (5) transportation and communication; (6) 

education, cultural and recreational services; (7) housing; (8) miscellaneous goods and 

services. For rural households, however, the CHIP 2002 data only lists the total 

consumption expenditure and the expenditures on the following seven categories: (1) 

food; (2) clothing; (3) home equipment, facilities and services; (4) health and medical 

care; (5) transportation and communication; (6) education; (7) housing. The expenditures 

on cultural and recreational services and miscellaneous goods and services are not 

reported. The aggregate of these can be obtained by deducting the above seven 

consumption categories from total consumption expenditure, and is abbreviated as CRM 

(cultural and recreational services, and miscellaneous goods and services). For the 

purpose of comparability between rural households and urban households, we also 

aggregate the urban household expenditures on cultural and recreational services and 

miscellaneous goods and services to arrive at a common classification of eight 

consumption categories.  

In the CHIP 2002 data, the definitions of housing consumption are different for 

rural and urban households. For urban households, housing consumption includes 

expenditures on rents (interest payment on mortgages are not included), house repairing, 
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decoration, electricity, water, gas, and heating. Housing consumption for rural households 

is broader, however, since it also includes expenditures on constructing and buying 

houses. Usually (see e.g. national accounts statistics) household expenditures on 

constructing and buying houses are accounted for as investment, instead of as household 

consumption. Hence, for comparability purposes, we deduct the expenditures on 

constructing and buying houses from housing consumption of rural households and 

consider them as investment instead of consumption. The data on expenditures on 

constructing and buying houses required for this modification are available in the CHIP 

2002 data. 

To determine the categorization of households by age class, we have to consider a 

trade-off between sample size and within-sample homogeneity. To estimate Engel curves 

per age class (this will be done in the next section), a sufficient number of observations is 

needed in each class, while households in these classes should still show similar 

behavioral patterns regarding consumption. We decided to divide the households into 9 

groups according to the age of the household head: 20-29, 30-34, 35-39, 40-44, 45-49, 

50-54, 55-59, 60-64 and 65+.
48

 The starting age for our grouping is set to be 20, because 

the number of household heads aged younger than 20 is very small in China. We use 

5-year age intervals, except for the youngest group and the oldest group. For the youngest 

group, we decided to use a 10-year interval because of the small number of observations 

in the group 20-24. For the oldest group, we use an open interval, to avoid small samples 

and at the same time making sure that all households remain included in a scenario 

assuming that mortality rates will decrease. The average number of households per age 

group is 891 (1022 for rural age groups, 759 for urban age groups), while the smallest 

sample size is 145 (for the age group 20-29 in urban areas).  

5.4.2. Demographic characteristics and consumption levels 

We first investigate the differences in total household consumption expenditure across 

age groups. The average consumption per household in each age group as depicted in 

                                                             
48

 In a household register, the household head is referred to as the ―owner‖ of the household. This can be a male or a 

female (usually it is one of the parents in the household). The household head has the authority to exercise family 

control and to support the dependent members.  
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Figure 5.4 shows that the age-consumption profiles of rural and urban households are 

both hump-shaped, although the youngest urban household group has the highest level of 

consumption expenditures. According to the literature, the hump-shape characteristic is 

caused by two factors.
49

 First, the life cycle wage profiles of workers are generally 

hump-shaped (Heckman, 1975; Deaton and Muellbauer, 1980a), so middle-aged 

households have relatively high incomes, which -all else equal- leads to high 

consumption levels. Second, the number of children in a household first increases with 

new births occurring in a household and then decreases with the children turning into 

adults and leaving the household. Across age groups, this causes a hump-shaped 

household size pattern, which reinforces the hump-shaped consumption of household 

across ages (Browning et al., 1985). In China, this effect is stronger for households in 

rural areas, since the one-child policy allows rural couples to have a second child if the 

first child is a female, while urban couples can only have one child, irrespective of its 

gender (see Chapter 4). 

 

Figure 5.4 Age-consumption profiles in 2002 
Figure 5.4.a Rural households                  Figure 5.4.b Urban households 

   

                               

Besides the common shape, we also find differences between the age-consumption 

profiles of rural and urban households. First, the average consumption per household in 

each urban household group is much larger than that of the corresponding rural household 

                                                             
49

 Similar hump-shaped patterns have been identified for many other countries, such as US and UK (see Attanasio, 

1999; Browning and Crossley, 2001). 

0

5000

10000

15000

20000

25000

2
0
-2

9

3
0
-3

4

3
5
-3

9

4
0
-4

4

4
5
-4

9

5
0
-5

4

5
5
-5

9

6
0
-6

4

6
5
+

A
v
er

ag
e 

co
n
su

m
p

ti
o

n

(Y
u
an

 p
er

 y
ae

r)

Age group

0

5000

10000

15000

20000

25000

2
0
-2

9

3
0
-3

4

3
5
-3

9

4
0
-4

4

4
5
-4

9

5
0
-5

4

5
5
-5

9

6
0
-6

4

6
5
+

A
v
er

ag
e 

co
n
su

m
p

ti
o

n

(Y
u
an

 p
er

 y
ae

r)

Age group



The impact of demographic changes on the future occupational composition of labor demand in China 147 

 

 

group. This is mainly caused by the large rural-urban income disparity. In 2002, the 

average income ratio of urban households to rural households was 3.11. During China‘s 

future urbanization process, the share of urban households in the total number of 

households will increase. Hence, it can be expected that China‘s household consumption 

demand will increase, even if income levels within both types of regions would not 

increase any further. Second, the rural household consumption levels start declining at a 

younger age. The average rural household consumption level reaches its peak in the 

group 40-44, whereas the peak for urban households is observed for the group 55-59. 

This difference is probably due to the fact that most rural workers are manual workers, 

whereas most of urban workers are non-manual workers. The life cycle wage profile of 

manual workers usually reaches its peak earlier than the corresponding profile for 

non-manual workers (Deaton and Muellbauer, 1980a). Third, unlike young rural 

households, young urban households (group 20-29) have quite high consumption levels. 

As panel b. of Figure 5.4 shows, there is a large drop in average consumption levels from 

group 20-29 to group 30-34. The CHIP 2002 data shows that this large drop is mainly due 

to reduced consumption spending on food, home equipment, facilities and services, 

transportation and communication, as well as health and medical care.  Per year, 

households in group 20-29 spends on average 832.4 Yuan more than those in group 30-34 

on food, while it spends 366.4 and 367.1 Yuan more on home equipment etc. and on 

transportation and communication, respectively; Households in the group 20-29 spend on 

average 348.6 Yuan more than households in the group 30-34 on health and medical care. 

Urban households in the group 20-29 spend more than the same group of rural 

households on all consumption categories, especially on food, clothing, transportation 

and communication, as well as CRM.  

 

5.4.3. Demographic characteristics and consumption structures 

The consumption structures by age group for rural and urban households are documented 

in Tables 5.1 and 5.2, respectively. In the comparisons, differences between rural and 

urban areas with respect to relative prices of the eight consumption categories are not 

taken into account. These can be large, though. For instance, the price of housing in rural 
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areas is known to be significantly lower than that in urban areas. According to NBS 

(2003), the housing price for urban households increased by 17.6% during 1997-2002, 

but for rural households this increase amounted to only 1.9% in that period. 

Tables 5.1 and 5.2 show that household consumption structures are quite different 

across rural and urban households. First, rural households allocate a much larger share of 

their total consumption expenditures to food consumption and this holds for all age 

groups. Across different age groups, the differences between the food consumption shares 

of rural and urban household vary from 10 to 20 percentage points. According to Engel‘s 

law, these sizable differences are most probably mainly caused by the substantial 

rural-urban income disparity. Second, rural households allocate larger shares of their 

consumption budgets to housing, in almost all age groups, even though the relative price 

of housing is lower in rural areas. Third, rural households of almost all ages allocate 

much smaller shares to clothing; home equipment, facilities and services; transportation 

and communication as well as to CRM. Fourth, young rural households allocate a larger 

share of their total consumption expenditures to health and medical care than young 

urban households. In contrast, old rural households spend relatively less than their urban 

counterparts on this consumption category. Fifth, middle-aged rural households devote a 

larger proportion of their consumption spending to education. One of the reasons for this 

difference is probably that they have more children studying in schools because of the 

different child control policies implemented in rural and urban areas. 
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Table 5.1 Consumption structures of rural households by age group (shares, in %) 

 

Age 

group 
Food Clothing 

Home equipment, 

facilities and services 

Health and 

medical care 

Transportation and 

communication 
Education Housing CRM 

Average consumption 

(Yuan per year) 

20-29 55.11 6.57 4.61 9.64 7.24 1.54 9.58 5.71 5746.9 

30-34 51.50 7.47 4.18 5.73 8.11 4.72 11.54 6.75 5944.3 

35-39 48.18 6.80 4.35 5.18 7.49 9.38 10.86 7.75 7187.5 

40-44 43.73 6.65 3.55 5.25 8.88 13.16 9.61 9.16 8542.7 

45-49 45.49 6.12 3.67 5.10 7.51 12.29 10.46 9.38 8372.2 

50-54 49.46 5.55 4.64 6.41 8.00 6.12 11.57 8.25 7686.0 

55-59 52.83 5.29 4.31 7.73 7.15 3.84 11.68 7.18 6617.4 

60-64 52.55 4.90 3.87 9.96 5.65 3.16 12.28 7.64 6743.1 

65+ 54.60 5.49 3.59 8.12 5.91 4.24 10.23 7.81 6137.0 

Source: calculated on the basis of CHIP 2002 data. Note: CRM = cultural and recreational services and miscellaneous goods and services. 

 

 
Table 5.2 Consumption structures of urban households by age group (shares, in %) 

 

Age 

group 
Food Clothing 

Home equipment, 

facilities and services 

Health and 

medical care 

Transportation and 

communication 
Education Housing CRM 

Average consumption 

(Yuan per year) 

20-29 35.94 11.50 8.08 6.82 12.26 5.41 8.90 11.10 19586.6 

30-34 34.79 12.13 6.81 5.53 11.40 8.16 8.44 12.74 17843.2 

35-39 35.67 11.77 6.62 4.62 10.05 8.96 11.30 11.01 17783.4 

40-44 38.44 10.88 5.30 4.99 10.03 11.83 8.47 10.05 18264.5 

45-49 37.37 9.37 6.10 5.06 10.81 12.43 9.53 9.32 18365.7 

50-54 38.43 9.39 6.43 7.33 10.45 6.73 10.53 10.71 18836.3 

55-59 39.49 8.35 7.70 9.30 9.94 3.83 11.03 10.36 19537.7 

60-64 43.15 7.21 6.66 11.50 7.80 2.89 11.30 9.49 17702.2 

65+ 41.18 6.12 7.14 14.22 6.87 3.68 11.53 9.27 16178.9 

Source: calculated on the basis of CHIP 2002 data. Note: CRM = cultural and recreational services and miscellaneous goods and services. 
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The consumption structures are also very different across age groups. For instance, both 

the rural and urban consumption structures shown in Figures 5.5 indicate that the share of 

clothing reaches its peak at group 30-34 and declines afterwards. As a consequence of 

caring for infants and elderly people, the share of health and medical care is larger for 

young and old households than for middle-aged households (an ―inverted hump‖). The 

share of the expenditures on education in total consumption, however, is hump-shaped. 

The peak occurs in group 40-44 for rural households and in group 45-49 for urban 

households. These households usually have their children studying at high level 

educational institutions, which costs more than studying at high schools. The share of 

transportation and communication basically decreases across age groups. The rural and 

urban households show different patterns for shares across ages of other consumption 

categories. For instance, the share of food consumption of rural household across age 

groups first decreases until group 40-44 and is increasingly higher for older households. 

The variation in the share of food across age groups is very small for urban households. 

The share of home equipment, facilities and services consumption of urban households 

first decreases (until group 40-44) and then increases. For rural households, however, this 

variation across age groups is much smaller. 

 

Figure 5.5 Shares of product categories in total consumption, by age group in 2002 

 

Figure 5.5.1a  Food                       Figure 5.5.1b  Food  
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Figure 5.5.2a  Clothing                       Figure 5.5.2b  Clothing  
                                               

  
 

Figure 5.5.3a Home equipment, facilities and services    Figure 5.5.3b Home equipment, facilities and services 

 
           

         Figure 5.5.4a  Health and medical care        Figure 5.5.4b  Health and medical care     
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  Figure 5.5.5a  Transportation and communication   Figure 5.5.5b  Transportation and communication     

 
 

     Figure 5.5.6a  Education                     Figure 5.5.6b  Education     

   
            

        Figure 5.5.7a  Housing                    Figure 5.5.7b  Housing 
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        Figure 5.5.8a CRM                          Figure 5.5.8b CRM 

 

 
             

Note: (1) The panels ―a‖ refer to rural households; the panels ―b‖ refer to urban households; (2) CRM= 

Cultural and recreational services and miscellaneous goods and services. 

 

5.5. Scenarios to study future labor demand by occupation 

 

As was explained in the discussion of Figure 5.2 already, household consumption levels 

are assumed to be dependent on GDP in the previous year. We have not discussed yet 

how we model the evolution of the composition of consumption demand (which should, 

among other things, depend on the demographic characteristics of the population, as 

Section 5.4 indicated). Furthermore, there are other determinants of occupation-specific 

labor demand that should be modeled. Hence, scenarios regarding labor productivity, 

international trade intensities and investment demand (the main source of final demand 

besides household demand and exports) have to be specified. 

 

5.5.1. Scenarios on consumption levels by age-specific household group 

As mentioned in Section 5.3 (Equation 5.6), the dynamics of the average total 

consumption per household in each age group (i.e. r

kz and u

kz ) are assumed to be driven 

by changes in GDP. Initial values for these variables were calculated from the CHIP 2002 

data (as shown in Figure 5.4), and then updated to 2010 (the first year for our projection) 
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by using the annual total consumption growth rates for rural households and urban 

households published by NBS (2011). The implicit assumption we had to make to arrive 

at these values is that the consumption growth rates for all rural household groups are the 

same, as are those for all urban households.  

In our first scenario, the total consumption level for each type of household has the 

same growth rate in the next year as GDP has in the current year. This scenario implies a 

change of trends in China‘s growth as experienced in recent decades, when China‘s 

economic growth was mainly driven by investments and exports (see e.g. Los et al., 

2015). The consumption growth rate was clearly lower than the GDP growth rate. As a 

consequence, the share of household consumption in GDP decreased to 34% in 2010, 

whereas it is usually around 60% in developed countries. Now, the Chinese government 

is trying to expand household consumption by targeting the income distribution and 

improving the social security system, for example by promoting medical insurance and 

pensions. To reflect our expectations that this recent tendency will continue, we thus set 

all rural and urban household consumption growth rates equal to the GDP growth rate. 

This scenario is characterized by constant values of r

ka , u

ka , r

kb , u

kb  and  in Equation 

(5.6). 

Changes over time in the parameters r

ka , u

ka , r

kb and u

kb  generally imply that 

group-specific consumption growth rates will be different from lagged GDP growth, 

vt/vt-1. The group-specific total consumption levels equal: 
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   (5.8) 

 

Figure 5.6.a indicates that the propensity to consume has been relatively steady for all 

rural households taken together, while all urban households taken together spent a 

decreasing share of their income on consumption. In recent years, the income growth rate 

of rural households has been higher than the growth rate of Gross National Income, while 

the income growth rate of urban households has been comparable to the GNI growth rate 

(see panel b. of Figure 5.6). This situation is rather different from what is revealed for the 
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period 2003-2008, when government and corporate income growth rates were so high 

that GNI grew faster than household income in both types of regions. These patterns for 

recent years imply that shares of household income in GNI increased. Furthermore, rural 

households have witnessed a larger increase in their income share in GNI than urban 

households. 

 

Figure 5.6  Patterns of change for parameters in Equation (5.8) 
 

Figure 5.6.a The average propensity to consume        Figure 5.6.b The growth rate of household income and GNI 

 

Data source: NBS (various years) 

 

The twelfth five-year plan of the Chinese government has taken rural-urban income 

inequality reduction as one of the policy orientations. In the following decades, we 

therefore expect that income growth of rural households will remain larger than for urban 

households. In addition, it is quite likely that the propensity to consume of urban 

households will continue to fall further. Hence, the effects of changes in r

ka and r

kb  on 

the total consumption level of rural households might well be larger than the effects of 

changes in u

ka  and u

kb  on the total consumption level of urban households.  

In the second scenario (which will be our baseline scenario), we therefore assume 

that the urban household consumption growth rate will be the same as the GDP growth 

rate, but that the rural household consumption growth rate is one percentage point higher 

than the GDP growth rate (see Table 5.3). Under this scenario, Equation (5.8) simplifies 

to 
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Table 5.3 Scenarios for the parameters  
Parameters Baseline scenario Low growth scenario 

Import coefficients Decrease 2% per year Decrease 1.5% per year 

Rural household consumption GDP growth rate +1.0% The same growth rate as GDP 

Urban household consumption The same growth rate as GDP The same growth rate as GDP 

Investment demand Annual growth rate  5%  Annual growth rate  4%  

Government demand Annual growth rate  5%  Annual growth rate  4%  

Export demand Annual growth rate  4%  Annual growth rate  3%  

Labor productivity The same growth rate as the 

average annual growth rate 

during 2000-2010 

The growth rate decrease 0.2% 

per pear 

Note: Growth rates are all in real terms. 

 

5.5.2. Scenarios on consumption patterns by age-specific household group: Engel 

curves 

On average, Chinese people will become richer in the future. As a consequence, their 

future consumption levels will be higher than at present. This consumption growth will 

go hand in hand with changes in the compositions of consumption bundles, which can be 

modeled by a series of Engel curves. Many studies have shown that demographic factors 

have important effects on Engel curves (see Deaton et al., 1989; Browning, 1992; 

Wakabayashi and Hewings, 2007). In this section, we further investigate the differences 

in the Engel curves between rural and urban households for each age group. Such 

differences could have an impact on the future composition of nationwide consumption, 

and (via input-output linkages) on future labor demand by occupation. To estimate the 

Engel curves, we use a reduced version of the ―Almost Ideal Demand System‖ (AIDS) 

models (Deaton and Muellbauer, 1980b).
50

 

                                                             
50 The input-output data also include consumption of financial services and insurance services, besides the eight 

consumption categories covered by the household survey data. In this study, we only focus on the impact of 

demographic change on consumption categories covered by the household survey data. The consumption categories in 

the input-output table which are not covered by the eight broad categories are treated as ―other final demand‖ and are 

assumed to have the same growth rate as GDP, during 2011-2030. 
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Let is represent the (value) share of consumption category i in total consumption 

expenditure; ip represents the price of category i; x represents the total consumption 

expenditure. The AIDS model can then be expressed as 

 

 
j

ijijii
P

x
ps lnln                                         (5.9) 

 

where P is a consumer price index over all categories, derived from the AIDS model: 

  

 
i k l

lkklii pppP lnln
2

1
lnln 0 

 

 

In empirical studies, Stone‘s price index *P  (  k

w

k
kpP
0

)(* ; 0

kw is the budget share in 

the base year) is often used as an approximation of P . This yields a linear parametric 

model, which helps to simplify the econometric estimation procedure. 

Consumer demand theory imposes adding up, homogeneity and symmetry 

restrictions on Equation (5.9). The adding up condition states that all consumption shares 

should add up to one ( 1i is ), which is satisfied if 1i i , 0i i  and 0i ij . 

The homogeneity condition ( 0 j ij , for all i) requires that the budget shares is
 
do 

not change if total expenditure (in nominal terms) x and all prices 
ip  grow at the same 

rate. Finally, the symmetry condition ( jiij   , for all i and j) states that the substitution 

effects between any two products are equal. This restriction is not intuitively obvious, but 

Deaton and Muellbauer (1980a) showed that inconsistent choices would be made by 

consumers if this condition would not be satisfied.  

The simplest way to incorporate demographic effects into demand equations is to 

estimate a separate demand function for each group (Lewbel, 1997). We estimate the 

demand system for each age group of rural and urban households separately. We assume 

that the price of each consumption category faced by all individuals in the same group is 

the same. Under this assumption, the price of each consumption category can be regarded 

as a constant and the AIDS models reduce to the following Working-Leser models for 
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each age group (Working, 1943; Leser, 1963): 

 

ijkjkikikijk xs   ln         (k=1,2,…, m,     i=1,2,…,n)         (5.10) 

 

with the adding up constraints 11  
n
i ik  and 01  

n
i ik . In this equation, ijks  is the 

value share of consumption category i in total consumption expenditure for household j in 

age group k, satisfying 11  
n
i ijks . jkx  is the total consumption expenditure of 

household j in age group k. If this system is estimated equation by equation by Ordinary 

Least Squares (OLS), the adding up conditions will be satisfied automatically (Deaton 

and Muellbauer, 1980a).  

In our model, we control for some other household characteristics. We incorporate 

four variables that relate to household size: the number of children aged 0-2 (n1); the 

number of children aged 3-5 (n2); the number of children aged 6-17 (n3); and the number 

of adults (n4). Furthermore, we introduce a dummy variable   to indicate whether a 

household contains a child going to school, which, of course, has a major effect on the 

consumption share of education.
51

 Like Wakabayashi and Hewings (2007), we introduce 

these control variables as intercept shift parameters. Hence, Equation (5.10) is extended:  

 

ijkjkikjkikjkikjkikjkikjkikikijk xnnnns   ln5443322110   
(5.11) 

 

The model in Equation (5.11) is estimated by using OLS for each rural age group and 

each urban age group. The estimation results are shown in Tables 5.4 and 5.5. We only 

present the results for ik . The consumption shares in our model are measured in 

percentages. Hence, the estimated coefficient of food for rural age group 20-29, for 

example, indicates that if the total consumption expenditure of households in this group 

increases by 1%, the consumption share of food for this group will decrease by 

14.65*0.01=0.1465 percentage points. The sums of the ik s in each row of Tables 5.4 

                                                             
51

 There is some overlap between n3 and d, but in China children aged 6-17 do not necessarily attend school. First, the 

education is only compulsory for children between 6 and 15 years old. Second, especially in rural areas, some pupils 

drop out or even have no chance to attend school. 
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and 5.5 equal 0, which is in line with the adding-up constraint indeed. 

Tables 5.4 and 5.5 show that the estimated coefficients for households across age 

groups are often quite different, i.e. the households in different age groups have quite 

different Engel curves. The consumption shares of transportation and communication, for 

instance, are much more sensitive to changes in total consumption for young households 

than for older households. A reversed pattern is found for the shares of health and 

medical care. Given the rapid aging of the Chinese population, it can thus be expected 

that China‘s future income growth will have a strongly positive impact on health and 

medical care, while the positive impact on transportation and communication 

consumption will be smaller.
52

 

We also find that the coefficients for rural and urban households belonging to the 

same age groups are different. A given increase in the total consumption budget has larger 

impacts on the share of transportation and communication for rural households than for 

urban households. An opposite conclusion can be drawn for the consumption categories 

home equipment, facilities and services and CRM. We also find differences regarding 

housing consumption. Table 5.4 indicates that the rural household groups have positive 

and quite large estimated coefficients for this category and all of these estimates are 

statistically significant. For most of the urban household groups, however, the 

corresponding estimates are insignificant at the level of 10%. For some urban groups, 

such as the 40-44 and 45-49 groups, the estimated coefficients are even significantly 

negative. This result is consistent with findings in other studies on China‘s household 

consumption expenditure patterns, such as Dai et al. (2012). 

                                                             
52 Over time, the consumption share for all rural households taken together might even decrease for transportation and 

communication, if the demographic effect would dominate the effect of increasing consumption levels. 
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Table 5.4 Estimated  -coefficients for Engel curves of rural households, by age group 

Age 

group 
Food Clothing 

Home 

equipment, 

facilities and 

services 

Health and 

medical care 

Transportation 

and 

communication 

Education Housing CRM 
Numbers of 

observations 

20-29 
-14.65*** 
(2.34) (0.29) 

-0.50 
(0.65) (0.01) 

1.04 
(0.65) (0.04) 

6.41*** 
(2.10) (0.12) 

3.90*** 
(1.05) (0.07) 

-0.42 
(0.37) (0.28) 

2.69** 
(1.33) (0.04) 

1.53*** 
(0.46) (0.05) 

265 

30-34 
-15.04*** 
(1.00) (0.30) 

0.44 
(0.51) (0.02) 

0.65** 
(0.33) (0.01) 

1.75*** 
(0.58) (0.05) 

6.63*** 
(0.70) (0.15) 

-1.84*** 
(0.46) (0.11) 

4.98*** 
(1.18) (0.06) 

2.45*** 
(0.48) (0.05) 

955 

35-39 
-13.67*** 
(0.95) (0.26) 

-0.20 
(0.39) (0.01) 

1.30*** 
(0.40) (0.03) 

1.72*** 
(0.46) (0.03) 

5.23*** 
(0.48) (0.12) 

-0.53 
(0.77) (0.06) 

3.61*** 
(0.86) (0.05) 

2.54*** 
(0.43) (0.04) 

1465 

40-44 
-14.51*** 
(0.77) (0.37) 

-1.03*** 
(0.36) (0.02) 

0.22 
(0.25) (0.00) 

1.94*** 
(0.57) (0.03) 

4.25*** 
(0.67) (0.11) 

3.65*** 
(1.01) (0.12) 

2.43*** 
(0.68) (0.03) 

3.06*** 
(0.57) (0.05) 

1326 

45-49 
-15.94*** 
(0.76) (0.40) 

-0.91*** 
(0.30) (0.01) 

0.38* 
(0.23) (0.02) 

1.50*** 
(0.46) (0.02) 

3.47*** 
(0.35) (0.09) 

4.97*** 
(0.85) (0.23) 

2.36*** 
(0.63) (0.04) 

4.17*** 
(0.39) (0.11) 

1696 

50-54 
-15.57*** 
(0.82) (0.39) 

-0.28 
(0.33) (0.00) 

1.27*** 
(0.32) (0.03) 

2.15*** 
(0.55) (0.03) 

3.50*** 
(0.48) (0.09) 

2.81*** 
(0.56) (0.23) 

2.80*** 
(0.63) (0.04) 

3.33*** 
(0.36) (0.11) 

1510 

55-59 
-15.92*** 
(0.91) (0.36) 

-0.53 
(0.39) (0.03) 

1.32*** 
(0.35) (0.04) 

3.93*** 
(0.81) (0.06) 

3.41*** 
(0.57) (0.08) 

1.63*** 
(0.51) (0.16) 

3.32*** 
(0.87) (0.04) 

2.84*** 
(0.45) (0.08) 

967 

60-64 
-17.07*** 
(1.22) (0.40) 

-0.12 
(0.44) (0.02) 

0.65 
(0.43) (0.01) 

5.45*** 
(1.42) (0.08) 

2.08*** 
(0.49) (0.04) 

1.20** 
(0.54) (0.20) 

4.00*** 
(1.18) (0.06) 

3.58*** 
(0.72) (0.12) 

595 

65+ 
-15.84*** 
(1.30) (0.42) 

0.41 
(0.48) (0.00) 

0.47 
(0.36) (0.01) 

4.56*** 
(1.07) (0.10) 

3.27*** 
(0.64) (0.10) 

0.89 
(0.77) (0.19) 

2.74*** 
(1.01) (0.04) 

3.50*** 
(0.64) (0.14) 

421 

Notes: (1) For each cell, the first number in parentheses is the Newey-West standard deviation of the estimate, and the second number in parentheses is the R
2
;  

(2) *, ** and *** indicate significance at the 10%, 5% and 1% levels, respectively; (3) CRM = cultural and recreational services and miscellaneous goods and 

services. 
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Table 5.5 Estimated  -coefficients for Engel curves of urban households, by age group 

Age 

group 
Food Clothing 

Home equipment, 

facilities and 

services 

Health and 

medical 

care 

Transportation 

and 

communication 

Education Housing CRM 
Numbers of 

observations 

20-29 
-8.81*** 

(1.55) (0.31) 

-3.02*** 
(1.14) (0.13) 

4.75*** 
(0.94) (0.15) 

-0.88 
(1.24) (0.03) 

3.54*** 
(1.00) (0.14) 

1.26 
(1.33) (0.21) 

-1.96* 
(1.16) (0.03) 

5.11*** 
(1.03) (0.18) 

145 

30-34 
-11.00*** 
(0.97) (0.28) 

-1.79*** 
(0.53) (0.06) 

2.87*** 
(0.51) (0.08) 

0.40 
(0.49) (0.03) 

2.20*** 
(0.58) (0.06) 

0.85* 
(0.49) (0.08) 

-0.72 
(0.81) (0.00) 

7.19*** 
(0.67) (0.23) 

585 

35-39 
-13.77*** 
(0.74) (0.34) 

-0.99** 
(0.48) (0.04) 

2.97*** 
(0.31) (0.08) 

0.28 
(0.31) (0.04) 

2.62*** 
(0.47) (0.06) 

0.71 
(0.52) (0.06) 

2.40** 
(0.95) (0.02) 

5.78*** 
(0.44) (0.17) 

963 

40-44 
-10.65*** 
(0.81) (0.21) 

-0.89* 
(0.48) (0.01) 

1.88*** 
(0.27) (0.04) 

1.32*** 
(0.45) (0.02) 

3.23*** 
(0.50) (0.09) 

1.00 
(0.68) (0.02) 

-1.38** 
(0.62) (0.02) 

5.49*** 
(0.51) (0.17) 

1058 

45-49 
-11.78*** 
(0.68) (0.27) 

-0.33 
(0.37) (0.02) 

2.63*** 
(0.32) (0.07) 

0.83*** 
(0.28) (0.03) 

3.02*** 
(0.46) (0.10) 

2.06*** 
(0.60) (0.13) 

-0.82 
(0.68) (0.02) 

4.39*** 
(0.47) (0.12) 

1362 

50-54 
-12.61*** 
(0.84) (0.25) 

0.05 
(0.46) (0.03) 

2.36*** 
(0.35) (0.05) 

1.58*** 
(0.62) (0.02) 

1.64*** 
(0.42) (0.03) 

1.70*** 
(0.48) (0.20) 

0.28 
(0.87) (0.01) 

4.99*** 
(0.47) (0.11) 

1020 

55-59 
-13.29*** 
(0.94) (0.31) 

-0.17 
(0.40) (0.00) 

3.02*** 
(0.52) (0.07) 

1.53** 
(0.79) (0.02) 

2.26*** 
(0.43) (0.07) 

1.80*** 
(0.43) (0.24) 

0.22 
(0.78) (0.03) 

4.64*** 
(0.56) (0.12) 

610 

60-64 
-11.13*** 
(1.06) (0.25) 

-0.21 
(0.49) (0.00) 

2.60*** 
(0.51) (0.06) 

2.33** 
(0.98) (0.03) 

1.30*** 
(0.48) (0.03) 

0.67 
(0.41) (0.11) 

-0.37 
(0.95) (0.03) 

4.81*** 
(0.49) (0.16) 

438 

65+ 
-13.26*** 
(1.30) (0.26) 

0.14 
(0.45) (0.04) 

2.38*** 
(0.52) (0.06) 

4.73*** 
(1.39) (0.05) 

1.36*** 
(0.57) (0.08) 

1.94*** 
(0.61) (0.17) 

-1.79 
(1.51) (0.05) 

4.50*** 
(0.83) (0.10) 

654 

Notes: (1) For each cell, the first number in parentheses is the Newey-West standard deviation of the estimate, and the second number in parentheses is the R
2
;  

(2) *, ** and *** indicate significance at the 10%, 5% and 1% levels, respectively; (3) CRM = cultural and recreational services and miscellaneous goods and 

services. 
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We should stress that the goodness-of-fit of the estimated equations is rather poor, as 

indicated by the low R
2
s reported in the tables. Goodness-of-fit statistics of the same 

magnitude were reported by Izan and Clements (1979), who also found a relatively high 

R
2
 for the equation regarding the share of food. Their study was also based on 

cross-sectional data. Abdel-Ghany and Schwenk (1993) attained somewhat higher R
2
s (in 

the range of 0.17 to 0.33), by including more variables on gender and location 

characteristics of households. Wakabayashi and Hewings (2007) could use pooled data 

(with variation in the cross-sectional dimension and over time) and arrived at R
2
s between 

0.24 and 0.73.     

One issue regarding the dynamics of consumption should be discussed, before these 

dynamics can be linked to the input-output output data. The eight consumption categories 

in the household survey data are based on the classification of individual consumption by 

purpose (COICOP). In the input-output tables, however, household consumption is 

attributed to products according to the central production classification (CPC). To solve 

this problem, a bridge matrix U  is required to convert the consumption vector 

expressed in COICOP categories ( *

tc ) into a consumption vector expressed in CPC 

categories ( tc ) (see, e.g., Mongelli et al., 2010): 

 

*

tt Ucc                                                        (5.12) 

 

The matrix U has 41 rows and 8 columns, representing 41 input-output industries and 8 

COICOP consumption categories. Its typical element iju indicates the share of industry i 

in the total consumption of COICOP category j. The bridge matrix U is assumed to be 

constant over time. Its values have been estimated by applying a RAS procedure to a 

concordance table between 41 IO industries and 8 COICOP categories, given 

consumption levels for 41 IO industries and 8 COICOP categories in 2010.
53

 The 

                                                             
53

 The RAS procedure is a popular method to recover entries of a matrix from limited and incomplete multisectoral 

economic data. See Miller and Blair (2009) for an excellent summary and discussion of this method. 
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concordance was obtained from NBS (2009). First, to obtain an initial estimate of U , 

identical shares of IO industries in their corresponding COICOP category are assumed . 

Next, the RAS procedure is applied to this initial estimate to yield the final estimate of 

U . Let *

2010ĉ  denote the diagonal matrix generated from the vector *

2010c , which is the 

2010 consumption vector according to the COICOP classification. The final estimate of 

U satisfies the requirement that the column sums of *

2010ĉU equal the consumption levels 

according to COICOP categories, and the row sums of *

2010ĉU  equal the consumption 

levels for the IO industries. 

 

5.5.3. Demographic scenarios 

The numbers of households r

kh  and u

kh  in age group k are important determinants for 

the household consumption bundle of the economy as a whole. They can be projected by 

using the widely used headship rate method. It is a useful method to project numbers of 

households, especially for countries with limited data (Mason and Racelis, 1992; Wilson 

and Rees, 2005). In a population survey, the number of households is usually tabulated 

according to the age of the household head. For example, r

ktr~  ,the headship rate of rural 

age group k at time t, is defined as the ratio of the number of individuals in age group k 

who are household heads to the total number of individuals in rural age group k, r

ktn . The 

numbers of households in rural and urban regions in age group k at time t are then given 

by  

 

r

kt

r

kt

r

kt nrh ~    and   u

kt

u

kt

u

kt nrh ~  

 

We use the projection results under the fixed fertility rate assumption reported in Chapter 

4 as indicators for the numbers of individuals in different groups. Thus, our point of 

departure is that the one-child policy will be sustained. The 2000 and 2010 population 

census data show that the headship rates of young groups clearly decreased during 

2000-2010, because of later marriage and staying longer at the parental home. Meanwhile, 
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the headship rates of old groups increased, probably because more and more old people 

choose to live separately from their offspring. We assume that this trend will continue in 

the future, so we assume that the rate of change regarding the headship rates of each age 

group in 2011-2030 will be the same as that in 2000-2010.  

 

5.5.4. Scenario for occupation-specific labor coefficients 

We assume that the occupation-specific labor coefficients ijq  in Equation (5.1) are time 

varying, as a consequence of continued improvements in labor productivity. The 

evolution of occupation-specific labor coefficients over time is modeled according to the 

specification in Baumol (1967). The relationship between gross output levels ( jtx ) and 

labor input levels ( jt ) for each industry j over time is specified as  

 

tr

jtjjt
jebx   or jt

tr

jjt xeb j 1                                    (5.13) 

 

with rj the labor productivity growth rate of industry j (which is assumed constant over 

time) and bj a constant for industry j.
54

 

Similarly, if we rule out substitution between workers with different occupations, 

we have the following occupation-specific relationships:  

 

jt

tr

ijijt xebe ij 1

 

 

with ijte the number of workers with occupation i employed in the production of industry 

j in year t, rij the labor productivity growth rate of occupation i in industry j (which is 

assumed constant over time) and bij a constant for occupation i in industry j. Then the 

evolution of occupation-specific labor coefficients for each industry over time can be 

                                                             
54 Usually, labor productivity is defined as the ratio between value added and labor inputs. The growth rates of value 

added and gross output are identical if the ratio between these two variables is constant. We make this assumption. 
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characterized by 

 

tr

ij

jt

ijt

ijt
ijeb

x

e
q

 1                                                (5.14) 

 

It should be noted that different occupations can have different productivity growth rates, 

also within a single industry (r does not only have the industry index j, but also the 

occupation index i). The parameters in Equation (5.14) have been estimated using the 

2000 and 2010 occupation-specific labor coefficients, the calculation of which was based 

on the 2000 and 2010 Chinese population data (NBS, 2002; NBS, 2012) and the 2000 and 

2010 Chinese Input-Output (IO) tables produced by NBS.
55

  

Based on population census data, NBS constructed occupation-by-industry 

employment accounts. These cover 55 types of occupations, each of which is employed 

in at least one of 95 industries. The 55 types of occupations can be further aggregated into 

7 broad occupational categories: Managers; Professionals; Clerical workers; Sales and 

service workers; Agricultural workers; Operatives; and Others.
56

 

The 2000 and 2010 Chinese IO tables provide the gross output data for 40 and 65 

industries, respectively. Given that the industry classifications differ across the data 

sources, we finally reclassified the industries in the population census data and the 2000 

and 2010 Chinese IO tables to a set of 41 industries.
57

 When modeling the dynamics of 

occupation-specific labor coefficients during 2000-2010, gross outputs in constant prices 

should be used, since inflation might otherwise be mistaken for labor productivity growth. 

Therefore, the gross outputs in the 2000 IO table are inflated to reflect 2010 prices.
58

 The 

occupation-specific labor coefficients ijq  for each industry in 2000 and 2010 are 

calculated as the number of occupation-specific workers ije  per unit gross output jx  of 

each industry j.  

                                                             
55

 IO tables for 2000 and 2010 are available on http://www.iochina.org.cn/Download/xgxz.html, but we required 

unpublished IO tables from NBS with more detailed industry classifications. 
56 The detailed occupation classification is given in Appendix 5.1. 
57 The 2002 Chinese IO table reports the gross outputs of the post industry and the information communication, 

computer services and software industry separately. We split the post and telecommunication industry in the 2000 IO 

table using the proportions in the 2002 IO table. The 41-industry classification is presented in Appendix 5.2. 
58 The projections introduced later on are based on the 2010 Chinese IO table. Therefore, all variables (irrespective of 

the period) in this study are expressed in 2010 prices. Price ratios for the products are assumed to remain stable. 

http://www.iochina.org.cn/Download/xgxz.html
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The changes in occupation-specific labor coefficients between 2000 and 2010 are 

first simply extrapolated for the 2011-2030 period, using Equation (5.14). It should be 

pointed out, however, that this extrapolation might have its problems. First, Equation 

(5.14) is estimated based on limited data, for 2000 and 2010 only. That is, 

)ln(ln1.0 2010,2000, ijijij qqr  . Second, productivity growth rates are inherently uncertain 

(in particular in the longer run), since major innovations tend to arrive at irregular 

frequencies.  

We find that the evolution of labor coefficients for the agricultural industry is not 

consistent with the projected China‘s future urbanization process if simple extrapolation 

is used. The results indicate that there will still be a large labor force increase in the 

agricultural industry during 2011-2030. This is not consistent with the decrease of rural 

population during China‘s future urbanization process, since most of the workers in the 

agricultural industry are from the rural area. Therefore, we further calibrate the 

occupation-specific labor coefficients for the agricultural industry in such a way that the 

rate of decrease of the agricultural labor force is the same as the rate at which the rural 

population decreases. This adjustment yields what we will refer to as the baseline 

scenario. The calibration was done as follows: Let iatq  and *

iatq denote the labor 

coefficient of occupation i for the agriculture industry in year t before and after 

calibration, respectively; 2010ae denotes the total agricultural labor force in 2010; *

tr

denote the rate of decrease of the rural population in year t, which is calculated based on 

the rural-urban population projection in Chapter 4; atx denotes the gross output of 

agriculture industry in year t, which is calculated by the input-output model. Then, the 

calibrated labor coefficient *

iatq satisfies: 

 

iat

i atiat

t

a

iat q
xq

re
q



 






55
1

2011

*

2010
*

)1(




 

 

In our second scenario (the ―low growth‖ scenario), we take into account that there is a 

tendency for emerging countries to experience slower rates of productivity growth when 
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countries get closer to the world frontier, since opportunities to benefit from technology 

spillovers from advanced countries decrease. In this scenario, we thus assume that 

China‘s ―advantages of backwardness‖ (Gerschenkron, 1962) will steadily disappear and 

that the annual labor productivity growth rate decreases by 0.2% per year in the period up 

till 2030 (see Table 5.3).
59

  

 

5.5.5. Scenario for input coefficients 

The domestic input coefficients (and therefore also the elements of the Leontief inverse) 

change over time, for a variety of reasons (Miller and Blair, 2009). Examples of drivers 

of these changes are technological progress, product mix changes within industries and 

substitutions between domestic products and imported products (see Sawyer, 1992, for an 

empirical study). Changes in input coefficients should be taken into account in long-run 

forecasting. This would require forecasts of the factors that affect input coefficients, 

which is even more difficult in the highly uncertain long-run. In our scenario analysis, we 

will therefore only focus on one of the factors, international trade. We assume that these 

coefficients are stable over time, except for changes in domestic input coefficients due to 

changes in China‘s imports of intermediates. 

Considering changes in China‘s trade patterns over the past decade, it is likely that 

several import coefficients (the input of imported products per unit gross output) will 

decrease to some extent, implying increases in domestic input coefficients. One of the 

important reasons for the decrease in import coefficients is that the share of ―processing 

trade‖ in all production activities is decreasing. The share of China‘s processing exports 

value in the gross output of all industries has decreased from around 5% in 2002 to 

around 4% in 2010.
60

 Processing exports activities generally use more imported 

intermediate products than the production for other purposes, like ordinary exports, and 

domestic consumption and investment (Chen et al., 2012). Reductions in the share of 

processing exports will thus cause increases in domestic input coefficients. A strongly 

                                                             
59

 If the labor productivity growth rate in year t is rt, then the growth rate in year t+1 will be 0.998rt.  
60

 The processing exports data for these calculations have been obtained from NBS: 

http://www.stats.gov.cn/tjsj/tjgb/ndtjgb/; The gross output data is obtained from China‘s 2002 and 2010 IO tables 

published by NBS: http://www.iochina.org.cn/Download/xgxz.html. 
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related (and even partly overlapping) development that would lead to future increases in 

domestic input coefficients are China‘s efforts to upgrade its positions in global value 

chains. If successful, part of the components that are currently imported will not be 

bought abroad, but be sourced in China itself. As a consequence, the import coefficients 

will decrease. 

Hence, we analyze two scenarios for the changes in import coefficients (see Table 

5.3). In the first scenario, we assume that China will manage to upgrade in global value 

chains quite significantly and/or will see a further decline in the share of processing 

exports in its full portfolio of activities. The import coefficients of all industries are 

supposed to decrease at a rate of 2% per year during 2011-2030. In the second scenario, 

we make a more conservative assumption regarding the substitution of foreign 

intermediate inputs by domestically sourced inputs, and assume that the import 

coefficients will decrease by 1.5% per year. 

 

5.5.6. Scenario for other final demand 

Final demand other than household consumption is the exogenous driving force for our 

model, see the stylized model structure depicted in Figure 5.2 above. Other final demand 

contains investment demand, government demand and export demand. We formulate two 

sets of scenarios for their future growth (see Table 5.3).  

In the past decade, investment and export demands drove China‘s economic growth 

to a large degree. In the following two decades, investment demand (gross fixed capital 

formation and changes in inventories) is still expected to be an important driving force 

for China‘s economic growth. The current infrastructure is relatively weak and there is 

demand for technological upgrading (which often requires new physical capital). For 

investment growth, a 5% growth rate is assumed in the baseline scenario and a 4% 

growth rate in the low growth scenario. 

With increases in wage rates, the cost advantages that boosted China‘s past fast 

export growth will be weakened in the future. As a consequence, China‘s future export 

growth will most probably slow down. We thus assume a 4% growth rate in the baseline 

scenario and a slower growth rate (3%) in the low growth scenario. 
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The government demand for public services (e.g. education, hospitals and 

administration affairs) is also expected to increase in the future, partly due to the 

increasing population. Compared to investment and export, government demand accounts 

for a relatively small part of total final demand. For simplicity, the growth rate of 

government demand is thus assumed to have the same growth rate as investment, in both 

scenarios.  

The growth rates for these other sources of final demand do not address changes in 

their composition. We assume that the shares of the products in each final demand 

column remain stable over time. Next to this, we have to address the shares of imported 

products. We assume that the rate of change of the import share in each final demand 

category is the same as the rate of change of intermediate import coefficients, described 

above. Hence, the import share in each final demand category will decrease at a rate of 2% 

per year in the baseline scenario and 1.5% per year in the low growth scenario. 

What do the assumptions in the scenarios imply for the major macroeconomic 

indicators? In the baseline scenario, the projected average annual GDP growth rate during 

2011-2030 equals 6.8%. This is the same as the average annual GDP growth rate 

projected by Li et al. (2011) in their influential study into the Chinese economy in the 

2010-2030 period. The share of household consumption in total final demand will 

increase from 29% in 2010 to 50% in 2030. The current account surplus will decrease 

from 1510 billion Yuan in 2010 to 578 billion Yuan in 2030, which amounts to 0.38% of 

China‘s total GDP. In the low growth scenario, the average annual GDP growth rate 

during 2011-2030 is 5.7%, 1.1 percentage points lower than the growth rate projected in 

the baseline scenario. The share of household consumption in total final demand will 

increase from 29% in 2010 to 49% in 2030, only slightly lower than the share projected 

in the baseline scenario. The current account surplus will turn into a deficit of 1376 

billion Yuan (1.1% of GDP) in 2030. 

 

5.6. Scenario analysis: Findings and implications 

 

The projected household consumption levels of eight product categories in 2030 are 
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reported in Table 5.6. Over the period 2010-2030, the demand for food will grow much 

slower than total consumption demand (which grows by 8.2-9.5 per cent, annually), in 

both scenarios. The demand for health and medical care, CRM, home equipment facility 

and services, education and transportation and communication will grow at 

above-average paces. 

Table 5.6 also shows that demographic changes will increase the total household 

consumption demand in the following two decades. The projection for household 

consumption in 2030 that includes demographic changes is around 60% higher than the 

projection that excludes demographic changes. This is mainly caused by China‘s fast 

urbanization process. Urban households tend to consume more than rural households, so 

including rural to urban shifts enhances consumption growth. Regarding the structure of 

consumption, the future demographic changes will have a positive impact on the share of 

health and medical care, and will have a negative impact on the shares of transportation 

and communication and housing.
61

 As discussed before, older households spend a larger 

share on health and medical care than younger households. Also, this share is more 

sensitive to income growth for older than for younger households. In addition, the shares 

and the sensitivity to income growth are lager for urban than for rural households. Ageing 

of the population, urbanization and income growth then imply that the overall 

consumption share for health and medical care will increase. 

 

 

                                                             
61 The growth rate of health and medical care, for example, is 2.4 percentage points higher than the growth rate of total 

consumption in the projection without demographic changes. This figure further increases to 3.4 percentage points in 

the projection with demographic changes. 



The impact of demographic changes on the future occupational composition of labor demand in China 171 

 

 

Table 5.6 Projections: Household consumption in 2030 (billion Yuan, in 2010 constant prices) 

Category 

2010  2030 

 Baseline scenario  Low growth scenario 

  

 With 

demographic 

change % 

Without 

demographic 

change % 

 With 

demographic 

change % 

Without 

demographic 

change % 

Food  4791  (37.8)   15493  6.0  9548  3.5   14235  5.6  8745  3.1 

Clothing  1229  (9.7)   6653  8.8  4118  6.2   5347  7.6  3274  5.0 

Home equipment facility and services  824  (6.5)   7537  11.7  4569  8.9   5685  10.1  3374  7.3 

Health and medical care  862  (6.8)   9805  12.9  5227  9.4   7326  11.3  3743  7.6 

Transportation and communication  1762  (13.9)   12224  10.2  8466  8.2   9328  8.7  6228  6.5 

Education  583  (4.6)   4814  11.1  3364  9.2   3589  9.5  2418  7.4 

Housing  1356  (10.7)   8246  9.4  5847  7.6   6415  8.1  4296  5.9 

CRM  1280  (10.1)   12863  12.2  8012  9.6   9549  10.6  5787  7.8 

Total 12687    77634  9.5  49151  7.0   61475  8.2  37863  5.6 

Notes: (1) Figures between parentheses are shares of each consumption category in total consumption in 2010; (2) The columns with percentages represent 

average (compounded) annual growth rates between 2010 and 2030; (3) CRM = cultural and recreational services and miscellaneous goods and services. 

 

 



172   Chapter 5 

 

A reversed story can be told for consumption of transportation and communication. 

Older households spend a smaller share on transportation and communication than 

younger households. Also, this share is less sensitive to income growth for older than for 

younger households. In addition, the shares and the sensitivity to income growth are 

smaller for urban than for rural households. Hence, ageing of the population, urbanization 

and income growth imply that the overall consumption share for transportation and 

communication will decrease. The negative impact on the share of housing is mainly 

caused by China‘s future urbanization. Urban households generally have a lower housing 

consumption share and weaker (even negative) responses to income growth than rural 

households. Thus, the relative decrease in the number of rural households characterizing 

urbanization, affects the share of housing consumption negatively. 

The projected demand in 2030 for seven broad occupation categories is reported in 

the fourth and the ninth column of Table 5.7. More detailed results (i.e. for all 55 

occupations) can be found in Appendix 5.3. In the baseline scenario, the total labor 

demand in 2030 will be almost 900 million persons. According to the projection in 

Chapter 4, the working-age population in 2030 will be 938.2 million persons, so almost 

95% of the working-age population will be employed. As a consequence, mismatches 

between the type of education received and the type of occupations demanded will almost 

certainly lead to shortages of people with the required qualifications. In the low growth 

scenario the total labor demand in 2030 will be about 770 million persons. In this case, 

about 82% of the total labor force will be employed. This is clearly lower than in the 

baseline scenario, but still much higher than the share in 2010 (72.1%).
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Table 5.7 Projections: Occupation-specific labor demand in 2030 (million persons) 

Occupation 

(1) 

2010  2030 

   Baseline scenario  Low growth scenario 

Demand 

(2) 

Share 

in 

total 

(%) 

(3)  

Demand 

(4) 

Growth 

(2030 

minus 

2010) 

(5) 

Average 

annual 

growth 

(%) 

(6) 

Growth 

caused by 

demographic 

change 

(7) 

Share of 

growth 

caused by 

demographic 

change (%) 

(8)  

Demand 

(9) 

Growth 

(2030 

minus 

2010) 

(10) 

Average 

annual 

growth 

(%) 

(11) 

Growth 

caused by 

demographic 

change 

(12) 

Share of 

growth 

caused by 

demographic 

change (%) 

(13) 

Managers 12.9 1.8  20.3 7.3 2.3 3.8 51.2  16.7 3.8 1.3 3.2 83.8 

Professionals 50.3 7.0  83.6 33.3 2.6 14.7 44.0  69.3 19.0 1.6 12.4 65.1 

Clerical workers 32.3 4.5  65.1 32.7 3.6 8.7 26.5  52.9 20.6 2.5 7.1 34.7 

Sales and services 

workers 116.7 16.2  298.5 181.8 4.8 61.4 33.7  242.3 125.5 3.7 51.3 40.9 

Agricultural 

workers 345.7 48.0  209.0 -136.7 -2.5 56.4 -41.3  208.2 -137.5 -2.5 57.8 -42.1 

Operatives 161.2 22.4  212.3 51.1 1.4 31.1 60.9  178.1 16.9 0.5 26.3 155.9 

Others 0.7 0.1  1.8 1.1 4.8 0.4 33.6  1.4 0.7 3.7 0.3 40.6 

               

Total 719.9 100.0  890.6 170.7 1.1 176.3 103.3  768.9 49.0 0.3 158.4 323.3 
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Future labor demand varies across different occupations. First, the demand of Chinese 

economy for agricultural workers projected will drop substantially. This category 

accounted for almost half of total employment in 2010 (48.0%), but will lose importance 

even in absolute terms: according to both scenarios the number of agricultural workers 

will decrease by about 137 million, which amounts to an annual decrease of 2.5%. The 

main reasons for this trend are labor productivity improvements and the decrease in the 

share of agricultural and food products in consumption demand. For all other broad 

occupation categories, labor demand will grow, though at different rates.  

The demand for sales and service workers will increase most strongly, at an annual 

rate of 4.8 per cent in the baseline scenario. Examples of such occupations are social 

service and household service personnel (occupation 26, annual growth of 5.6%) and 

other business, services personnel (occupation 27, annual growth of 6.3%). The 

substantial increase in demand for this type of labor is a reflection of ―Baumol‘s disease‖ 

(Baumol, 1967). That is, inherent characteristics of many types of services make 

productivity improvements more difficult than in manufacturing activities, as a 

consequence of which an increasing share of the total labor force becomes active in 

service industries (in particular when demand increases quickly because of Engel curve 

effects). In comparison, the increases in overall demand for clerical workers (2.5-3.6% 

per year, depending on the scenario), professionals (1.6-2.6%), and in particular 

operatives (0.5-1.4%) are relatively modest. At a more detailed level, the demand for 

literature and art personnel (occupation 11), other technicians (occupation 15), post and 

telecommunications personnel (occupation 18) as well as environmental monitoring and 

waste disposal personnel (occupation 52) will grow rapidly. If growth is considered in 

terms of numbers of people that should be added to the labor force to satisfy increased 

demand, purchasing and sales personnel (occupation 20, +115 million people in the 

baseline scenario), social service and household service personnel (occupation 26, +32 

million) and construction workers (occupation 50, +25 million) are the occupation 

categories that stand out most prominently. 

The seventh and the twelfth column of Table 5.7 indicate changes in labor demand 

attributed to demographic changes. For instance, under the baseline scenario, total labor 
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demand in 2030 will amount to 890.6 million persons, which implies a growth of 170.7 

million persons between 2010 and 2030. If demographic changes (aging and urbanization) 

would be absent, employment growth would have been negative (mainly as a 

consequence of labor productivity growth), -5.6 million. Thus, demographic changes 

account for an increase of 170.7 million + 5.6 million = 176.3 million persons and the 

share of growth due to demographic change in the total change equals 103.3%. The 

declining demand for agricultural workers would have been even more pronounced (i.e. 

-193.1 million persons) if demographic changes would not play a role. As much as 51% 

and 61% of the increase in demand for managers and operatives, respectively, are due to 

future demographic changes. Among the detailed occupation categories for which 

demand is projected to increase by more than two million persons, employment growth 

for textile and textile printing personnel (occupation 38) and other equipment operators 

(occupation 54) are for more than 60% due to demographic changes, while only 6% of 

employment growth for construction workers is due to these changes. Demographic 

changes will thus play an important role in changes in China‘s occupation-specific labor 

demand, but this importance is not an across-the-board phenomenon.  

The analysis in this section shows that labor demand growth in China over 

2010-2030 will vary strongly across occupations. Well-formulated education and training 

policies are critical for China to successfully transform the labor force from being 

dominated by agricultural workers into a labor force characterized by a dominance of 

sales and service workers. The importance of choosing appropriate educational policies is 

reinforced by the fact that a change in educational policies will not immediately have an 

effect, since training usually takes several years and ―re-schooling‖ older employees is 

not always feasible. Furthermore, additional teaching staff is required to train young 

people, but it takes time to educate and train these teachers. Therefore, suitable education 

and training plans are essential to cope with the quickly changing occupational 

composition of Chinese labor demand, which is extraordinary as a consequence of the 

high rates of economic growth and extremely rapid demographic changes. 
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5.7. Conclusions 

 

Household survey data analysis shows that the consumption patterns of Chinese 

households vary across age groups as well as between rural and urban areas. First, the 

average total household consumption in an urban household is much larger than in a rural 

household, due to large income differences. Second, younger households allocate a 

relatively large share of their consumption budget to transportation and communication, 

while households with older household heads tend to spend more on health and medical 

care. Third, rural households generally spend much on housing and transportation and 

communication if compared to urban households, who devote a larger share of their 

budgets to home equipment, facilities and services as well as cultural and recreational 

services and miscellaneous goods and services (CRM).  

China will experience massive demographic changes in terms of ageing and 

urbanization in the period 2010-2030. The differences in terms of consumption patterns 

across various types of households will thus lead to substantial changes in the 

consumption bundle of the Chinese population as a whole. Our projections show that the 

share of food consumption will decrease significantly; the shares of the consumption 

categories health and medical care, CRM, home equipment facility and services, 

transportation and communication, and education will increase significantly. Despite the 

fact that some consumption categories will decrease in terms of their shares, the 

substantial increase in the aggregate household consumption level caused by urbanization 

will most likely yield growth in demand for all categories. 

This chapter aims at quantifying the consequences of future changes in Chinese 

consumption demand for labor demand. Which types of occupations should current 

educational programs target to ensure that future demand will be met? We propose a 

model in which changes in household consumption cause changes in gross output by 

industry, via input-output linkages. Labor productivity levels vary across industries, as do 

the occupational compositions of industry-level labor demand. As a consequence, 

changes in industry gross output will further cause changes in demand for workers in 

specific occupations. Our scenario analysis (which also takes trends in labor productivity 
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growth, trade patterns and investment demand into account) shows that purchasing and 

sales personnel, social service and household service personnel, and construction 

workers will be the types of occupation for which demand will increase most markedly. 

As education and training usually takes a long time, the Chinese government is 

recommended to prepare education plans in advance in order to meet the changes in 

future occupation-specific worker demand. These plans should also take into account that 

other demographic changes could have additional impacts on China‘s future worker 

demand. If, for instance, the current one-child policy would be loosened to a two-children 

policy or the child control policy would be abolished completely, household compositions 

would be affected. This will increase the education demand of Chinese households and 

further increase the demand for education-related personnel, such as teaching staff.  

In the end, we would like to point out some limitations of our analysis. First, we 

assume that the demographic changes only affect household consumption and its effect 

on other final demand categories is neglected. Actually, some parts of the other final 

demand might be affected. For instance, investment demands will be increased by 

urbanization. Additional houses and public facilities in cities need to be constructed to 

satisfy the demand of rural-to-urban migrants. This will directly increase the demand for 

construction workers. Second, the demographic changes are fully exogenous in our model. 

The implicit assumption is that changes in worker demand have no impact on migration 

patterns. Actually, as discussed before, the demographic changes will increase the 

demand for agricultural workers because of increased demand for food consumption. In 

this case, wages for agricultural workers will increase and make migration to urban area 

less attractive. Therefore, the rural-to-urban migration will slow down and the impact of 

demographic changes might be reduced to some extent. We do not think, however, that 

these second-order effects will have serious consequences for the major implications 

found in this study. 
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Appendix 

 

Appendix 5.1 

Occupation classification 

 
Code Occupation Code Occupation 

1 Managers 31 Chemical production personnel 

2 Scientific researcher 32 Machinery production personnel 

3 Engineer and technician 33 
Machinery and electrical equipment assembly 

operator 

4 Agricultural technician 34 Machinery equipment repairman 

5 Aircraft and watercraft technician 35 Power equipment operators 

6 Health technician 36 
Manufacturing, testing, assembly and maintenance 

personnel for electron component and equipment 

7 Economic and business personnel 37 Plastic and rubber production personnel 

8 Financial personnel 38 Textile and textile printing personnel 

9 Legal professional 39 
Cutting, sewing and leather products processing 

personnel 

10 Teaching staff 40 Food production and processing personnel 

11 Literature and art personnel 41 Tobacco production personnel 

12 Sports personnel 42 Medicine production personnel 

13 
Press publication and culture 

personnel 
43 

Sawmills, furniture, paper products production 

personnel 

14 Religion personnel 44 
Building materials production and processing 

personnel 

15 Other technicians 45 Non-metal mineral products production personnel 

16 Administrative personnel 46 
Film and television making and broadcasting 

personnel 

17 Security guard and fire fighter 47 Printing personnel 

18 
Post and telecommunication 

personnel 
48 Arts and crafts production personnel 

19 Other clerks and related workers 49 Stationery and sports appliance production personnel 

20 Purchasing and sales personnel 50 Construction worker 

21 Warehousing personnel 51 
Transportation equipment operator and related 

personnel 

22 Catering service personnel 52 
Environmental monitoring and waste disposal 

personnel 

23 
Hotel, tourism, fitness and 

recreational service personnel 
53 Inspecting and metering personnel 

24 Transportation service personnel 54 Other equipment operators and related workers 

25 
Auxiliary medical care service 

personnel 
55 Others 

26 
Social service and household service 

personnel 
  

27 Other business, service personnel   

28 Agricultural worker   

29 Survey and mineral mining personnel   

30 Metal smelting and rolling personnel   

Note: The 55 types of occupations can be further classified to seven broad occupational categories. 

Managers: 1; Professionals: 2-15; Clerical workers: 16-19; Sales and service workers: 20-27; Agricultural 

workers: 28; Operatives: 29-54; Others: 55.  
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Appendix 5.2 

Industry classification of the 2010 Chinese input-output table  

 

Industry code Industry 

1 Agriculture 

2 Coal mining, washing and processing 

3 Crude petroleum and natural gas products 

4 Metal ore mining 

5 Non-ferrous mineral mining 

6 Manufacture of food products and tobacco processing 

7 Textile goods 

8 Wearing apparel, leather, furs, down and related products 

9 Sawmills and furniture 

10 Paper and products, printing and record medium reproduction 

11 Petroleum processing, coking and nuclear fuel processing 

12 Chemicals 

13 Nonmetal mineral products 

14 Metals smelting and pressing 

15 Metal products 

16 Machinery equipment 

17 Transport equipment 

18 Electric equipment and machinery 

19 Telecommunication equipment, computer and other electronic equipment 

20 Instruments, meters, cultural and office machinery 

21 Art craft and other manufacturing  products 

22 Electricity and heating power production and supply 

23 Gas production and supply 

24 Water production and supply 

25 Construction 

26 Transport and warehousing 

27 Post 

28 Information communication, computer service and software 

29 Wholesale and retail trade 

30 Accommodation, eating and drinking places 

31 Finance and insurance 

32 Real estate 

33 Renting and commercial service 

34 Research and development 

35 General technical services 

36 Water conservancy, environment, and public accommodation management 

37 Household service and other social services 

38 Education 

39 Health service, social guarantee and social welfare 

40 Culture, sports and amusements 

41 Public management and social administration 

 

 

 

 

 

 



184   Chapter 5 

Appendix 5.3 

Projections: Labor demand in 2030 (million persons), detailed occupation categories 

 
 2010 2030, baseline scenario 2030, low growth scenario 

Occupation Demand Demand 

Growth 

(2030 

minus 

2010) 

Average 

annual 

growth 

(%) 

 Growth 

caused by 

demographic 

change 

Share of 
growth caused 

by 

demographic 

change (%) Demand  

Growth 

(2030 

minus 

2010) 

Average 

annual 

growth 

(%) 

 Growth 

caused by 

demographic 

change 

Share of 
growth caused 

by 

demographic 

change (%) 

1 12.9  20.3  7.3 2.3 3.8 51.2 16.7  3.8 1.3 3.2  83.8 
2 0.5  1.2  0.8 4.8 0.2 23.5 1.1  0.6 3.9 0.2  27.4 

3 11.5  26.3  14.8 4.2 4.1 27.6 21.3  9.9 3.1 3.4  34.0 

4 0.7  1.0  0.3 2.1 0.2 56.0 0.9  0.2 1.4 0.2  82.0 

5 0.2  0.2  0.1 1.5 0.0 66.1 0.2  0.0 0.6 0.0  149.8 

6 6.8  7.4  0.6 0.4 1.9 301.3 6.4  -0.4 -0.3 1.6  -397.2 

7 9.5  11.0  1.5 0.7 2.0 130.4 9.1  -0.3 -0.2 1.7  -489.2 

8 3.5  4.9  1.4 1.7 0.6 43.9 4.1  0.6 0.8 0.5  86.9 

9 0.6  1.3  0.7 3.7 0.2 27.5 1.1  0.4 2.6 0.1  35.0 
10 14.5  22.3  7.9 2.2 4.1 52.3 18.7  4.3 1.3 3.6  82.9 

11 1.1  3.6  2.5 6.0 0.6 26.4 2.9  1.8 4.9 0.5  29.8 

12 0.0  0.1  0.1 5.3 0.0 33.3 0.1  0.1 4.3 0.0  38.0 

13 0.9  2.5  1.6 5.1 0.5 33.4 2.1  1.1 4.1 0.4  38.6 

14 0.1  0.3  0.2 4.6 0.0 3.5 0.3  0.1 3.6 0.0  4.1 

15 0.4  1.4  1.0 6.3 0.2 23.1 1.1  0.7 5.1 0.2  26.2 

16 18.9  32.1  13.3 2.7 3.8 28.7 26.4  7.6 1.7 3.2  41.6 
17 8.4  16.6  8.2 3.4 2.3 28.1 13.5  5.1 2.4 1.9  37.2 

18 2.5  10.5  8.0 7.5 1.8 22.0 8.2  5.7 6.1 1.4  24.8 

19 2.6  5.8  3.2 4.2 0.8 24.4 4.7  2.2 3.1 0.7  30.2 

20 68.4  183.5  115.1 5.1 36.6 31.8 148.4  80.0 3.9 30.5  38.1 

21 4.0  4.4  0.4 0.5 0.8 203.1 3.7  -0.3 -0.4 0.7  -244.6 

22 14.6  30.9  16.2 3.8 7.1 43.4 25.5  10.9 2.8 6.0  55.0 

23 4.5  11.3  6.7 4.6 2.6 38.2 9.2  4.7 3.6 2.1  45.9 

24 6.6  12.5  5.8 3.2 1.9 32.9 10.3  3.7 2.2 1.6  44.1 
25 0.4  0.9  0.5 3.8 0.2 45.8 0.7  0.3 2.8 0.2  57.1 

26 15.8  47.3  31.5 5.6 10.5 33.3 38.2  22.4 4.5 8.8  39.2 

27 2.3  7.9  5.5 6.3 1.7 30.3 6.3  4.0 5.1 1.4  34.9 

28 345.7  209.0  -136.7 -2.5 56.4 -41.3 208.2  -137.5 -2.5 57.8  -42.1 

29 4.5  7.0  2.5 2.2 1.0 41.6 5.8  1.3 1.2 0.9  68.3 

30 3.3  3.3  0.0 0.0 0.4 -5413.2 2.8  -0.5 -0.8 0.3  -65.4 

31 2.9  4.0  1.1 1.7 0.7 62.5 3.3  0.4 0.7 0.6  138.5 

32 11.0  6.4  -4.5 -2.6 0.9 -19.1 5.6  -5.4 -3.3 0.8  -14.0 
33 7.9  7.5  -0.4 -0.3 1.1 -262.8 6.3  -1.6 -1.1 0.9  -60.8 

34 5.2  10.8  5.6 3.7 2.8 49.7 8.7  3.5 2.6 2.3  66.6 

35 4.9  4.8  -0.1 -0.1 0.8 -1076.7 4.1  -0.8 -0.9 0.7  -84.7 

36 7.2  13.4  6.2 3.2 1.8 28.7 10.9  3.7 2.1 1.4  39.2 

37 2.7  2.9  0.2 0.3 0.5 293.9 2.5  -0.3 -0.5 0.5  -172.0 

38 6.6  9.7  3.1 1.9 2.0 64.6 8.0  1.4 1.0 1.6  117.6 

39 17.9  35.0  17.1 3.4 8.8 51.4 28.8  10.9 2.4 7.3  67.4 
40 4.1  2.3  -1.8 -2.9 0.6 -35.3 2.1  -2.0 -3.4 0.6  -29.7 

41 0.2  0.1  0.0 -1.5 0.0 -71.7 0.1  -0.1 -2.1 0.0  -50.2 

42 0.5  0.5  0.0 -0.3 0.1 -281.7 0.4  -0.1 -1.1 0.1  -77.0 

43 7.2  4.3  -2.9 -2.6 0.5 -17.7 3.8  -3.4 -3.1 0.5  -13.7 

44 3.4  3.8  0.5 0.6 0.2 45.2 3.2  -0.1 -0.2 0.2  -130.4 

45 1.8  1.5  -0.3 -0.9 0.2 -59.0 1.3  -0.5 -1.7 0.2  -28.4 

46 0.2  0.6  0.4 5.0 0.1 31.3 0.5  0.3 3.9 0.1  37.4 

47 1.2  1.1  -0.1 -0.2 0.2 -400.6 0.9  -0.2 -1.0 0.2  -85.2 
48 3.3  2.8  -0.5 -0.8 0.5 -101.4 2.4  -0.9 -1.6 0.5  -51.8 

49 0.4  0.5  0.1 1.7 0.1 62.8 0.4  0.1 0.8 0.1  122.9 

50 29.1  53.7  24.6 3.1 1.6 6.4 45.4  16.3 2.2 1.3  8.2 

51 18.5  14.4  -4.1 -1.2 2.3 -56.2 12.4  -6.1 -2.0 2.0  -33.0 

52 0.2  0.7  0.5 5.6 0.1 29.4 0.5  0.3 4.4 0.1  34.3 

53 3.9  3.3  -0.6 -0.8 0.6 -96.6 2.8  -1.1 -1.6 0.5  -45.7 

54 13.1  17.9  4.7 1.6 3.1 66.0 15.0  1.8 0.7 2.7  143.8 
55 0.7  1.8  1.1 4.8 0.4 33.6 1.4  0.7 3.7 0.3  40.6 

Total 719.9  890.6  170.7 1.1 176.3 103.3 768.9  49.0 0.3 158.4  323.3 

 

Note: 1. See the occupation classification in Appendix 5.1. 

 



 

Chapter 6  

Summary and discussion 

 

 

6.1. Introduction 

 

The Chinese economy has experienced rapid growth since its accession to the World 

Trade Organization in 2001. The new opportunities to serve foreign markets fuelled GDP 

growth, which averaged at more than 10% per year for over a decade. However, since the 

global financial crisis in 2008, China‘s export growth has slowed down. The weakness of 

demand in world markets has drawn the attention of the Chinese government, which felt 

it should stimulate China‘s domestic effective demand (Los et al., 2015), and many 

commentators think that growth of household consumption will be the key to continuing 

growth of China‘s economy in the near future (see, e.g., Britton, 2010; Chi, 2015). 

From the demand-driven perspective of the input-output model, the consumption by 

1.3 billion people has played a very important role in the Chinese economy. The average 

annual real growth rate of China‘s household consumption reached 8% during 1993-2012. 

Moreover, this growth rate has exceeded the GDP growth rate since 2010, and the share 

of household consumption in GDP has started to rise after a long period of decline. Also, 

the importance of household consumption is expected to grow further in the future. 

According to our projection, China‘s household consumption share in GDP will further 

increase from 36% in 2012 to around 50% in 2030. Substantial changes are not only 

foreseen for the volume of household consumption, but also for the composition of the 

consumption bundle. Ageing of the Chinese population and ongoing urbanization will 

lead to different consumption patterns.  

This thesis investigated the role of household consumption in the Chinese economy, 

adopting an industry level perspective. Three issues were studied that are relevant for 

socio-economic research, both methodologically and empirically. First, we investigated 
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the differences between applying structural decomposition analysis (SDA) to the 

semi-closed input-output model and applying it to the open input-output model. We found 

that the feedback effects from labor compensation to household consumption (which are 

not present in the open model) play a crucial role in explaining the differences. Second, 

we investigated the short-run effect of the ―4 trillion yuan stimulus package‖ on China‘s 

GDP. The response of household consumption has most probably been a key determinant 

of the total multiplier effect of this stimulus package. Third, we investigated the impact of 

the massive demographic changes that China is undergoing. We found that changes in the 

household consumption bundle caused by ageing and urbanization will induce significant 

changes in China‘s occupation-specific labor demand, between the present and 2030.  

The remainder of this Chapter is organized as follows. Section 6.2 summarizes the 

main findings of this thesis. Section 6.3 discusses the limitations of this thesis. 

 

6.2. Summary of the main findings 

 

6.2.1. Structural decomposition analyses: the open model vs. the semi-closed 

input-output model 

The roles household consumption plays in the open and in the semi-closed input-output 

model differ. In the open model, the household consumption is treated as an exogenous 

final demand category. In the semi-closed model, the household consumption is 

endogenized by linking it to labor income (which is endogenous). The different roles 

played by household consumption in the two models usually lead to very different 

outcomes in impact studies. In Chapter 2, we investigated whether such differences also 

exist when an SDA is applied to the open and to the semi-closed model. To this end, we 

first proposed a new decomposition method for the semi-closed model. Then, we 

decomposed the growth in industry-level gross output and in labor compensation between 

1997 and 2007 for China and for a set of 35 countries other than China, using both 

models. 



Summary and discussion  187 

 

 

Our main findings were twofold. First, we found that for gross output growth in 

China, both models yield very similar results for the contributions by factors they have in 

common, such as the changes in the domestic input coefficients. The decomposition 

analyses for 35 countries other than China showed that this finding also holds in general. 

Therefore, when decomposing gross output growth, if only the contribution of changes in 

these common factors is of interest, it does not matter whether the semi-closed or the 

open input-output model is used. It should be stressed that using the semi-closed model 

also allows for determining the contribution to gross output growth of factors that play no 

role in the open model (such as changes in the labor compensation coefficients). Second, 

for the analysis of labor compensation growth, both models include the changes in labor 

compensation coefficients as one of the explanatory factors. For China, we found that the 

contribution of this factor varied significantly across the two models, which was 

corroborated by the results for the other 35 countries. Therefore, if the contribution of 

changes in labor compensation coefficients is of interest when decomposing labor 

compensation growth, the semi-closed model is recommended to be used. This is because 

the semi-closed model incorporates the link between labor income and household 

consumption. 

 

6.2.2. The short-run effect of the 4 trillion yuan stimulus package on China’s GDP 

To alleviate the recessionary impact of the global financial crisis on China‘s economic 

growth, the Chinese central government launched a 4 trillion yuan stimulus package in 

2008. In Chapter 3, we evaluated the short-run effect of this stimulus package on China‘s 

GDP. We developed a new semi-closed input-output model for this purpose. Unlike the 

traditional semi-closed input-output model, this new model endogenizes only part of the 

household consumption. In line with consumption theory, household consumption is split 

into autonomous consumption (which is exogenously given) and induced consumption 

(which depends on current income and is thus endogenized). 

If the consumption pattern of Chinese households would have remained stable, the 

4 trillion yuan stimulus package would have generated an extra 3.4 trillion yuan of GDP 

(implying a multiplier effect of 0.85), according to our estimates. At the industry level, 



188   Chapter 6 

given the focus of the stimulus package on improvements of the infrastructure, it is not 

surprising that the output in the construction industry was found to have benefited most. 

Large output effects were also found for industries with strong linkages (direct and/or 

indirect) with this industry. Examples are: metals smelting and pressing; nonmetal 

mineral products; transport and warehousing; wholesale and retail trade; and electricity 

and heating power production and supply. According to the model, the agriculture 

industry has most probably benefited a lot from induced household consumption, due to 

its link with labor income. 

We also pointed out, however, that the endogenous part of household consumption 

could well have been negatively affected by the stimulus package. For instance, 

households might have been anxious about their future employment (i.e. after the 

stimulus would stop) and they might have expected the government to increase taxes in 

the future, to balance the fiscal deficit caused by the stimulus package. Despite the 

increase in household income in the short-run, households may in such cases be very 

cautious to spend large parts of their extra income on current consumption. Rather, they 

may choose to increase their savings as well. The multiplier effect would in that case be 

smaller than 0.85 and the induced consumption could even be offset. This suggests that 

the government might have promoted the effects of the stimulus package further if it 

would simultaneously have announced policy measures with a favorable impact on its 

future fiscal situation. For such a massive stimulus package, additional measures might 

be necessary in order to ensure a beneficial outcome. 

 

6.2.3. The effects of ageing and urbanization on China’s future population and labor 

force 

China is expected to experience massive demographic changes in the following decades. 

On the one hand, China—like many other countries—will suffer from an ageing 

population, which means that the share of people with an age of 65 years or more will 

increase. This is due to the low fertility rate caused by China‘s one child policy, the 

ageing of the large baby boom generation born in 1960s, and the reduced mortality rates. 

On the other hand, China‘s fast urbanization process is expected to continue during 
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China‘s industrialization process. Many people from rural areas will migrate to work in 

urban areas and a number of rural areas will become urban areas. 

In Chapter 4, we presented annual projections for China‘s population in the period 

from 2010 to 2030, for which a rural-urban population model was developed. When 

compared with the models that have been used by other researchers and institutes to make 

projections for China‘s population projections, the model in this thesis incorporates two 

distinguishing features. First, the model takes differences in fertility rates and mortality 

rates between the rural and the urban populations into account. Second, the model 

explicitly includes the rural-urban population transition (due to both migration and rural 

areas becoming urban). Our projection showed that: 

 (i) China will face a serious ageing problem in the following decades. The 

population aged 65+ will increase from 9% of China‘s total population in 2010 to 22% in 

2030.  

(ii) The ageing problem is more serious in rural areas than in urban areas. In 2030, 

the share of the age group 65+ in the rural population will be 2 percentage points higher 

than the 65+ share in the urban population.  

(iii) China will continue its fast urbanization process in the following decades. The 

urbanization rate (i.e. the share of the population that lives in urban areas) will increase 

from 50% in 2010 to 71% in 2030.  

(iv) China will face a declining labor supply in the following decades, which may 

harm its long-run economic growth. The size of China‘s total labor force will decrease by 

6% during 2010-2030.  

 

6.2.4. The impact of demographic changes on China’s future occupation-specific 

labor demand 

China‘s demographic changes will not only cause changes in future labor supply but will 

also cause changes in future occupation-specific labor demand. This is because 

households with different demographic characteristics have different consumption 

bundles. The future massive demographic changes in China will cause substantial 

changes in the level and the composition of household consumption. As a consequence, 
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the demand for workers in various occupations will change. Chapter 5 quantified the 

impact of demographic changes on China‘s future occupation-specific labor demand.  

Our consumption projection showed that the demographic changes will cause 

substantial changes in China‘s household consumption bundle in the next decades. The 

share of food consumption will decrease significantly, according to our analysis. 

Significant increases will occur in the shares of the following consumption categories: 

cultural and recreational services, and miscellaneous goods and services; health and 

medical care; home equipment facility and services; transportation and communication; 

and education.  

Our scenario analysis (which also takes trends in labor productivity growth, trade 

patterns and investment demand into account) showed that labor demand growth in China 

over 2010-2030 will vary strongly across occupations. Focusing on broad categories of 

occupations, we found that the number of agricultural workers will drop substantially by 

137 million (which implies an annual decrease of 2.5%). The number of sales and service 

workers will increase most strongly, with an increase of 182 million (an annual growth of 

4.8%). Considering a more fine-grained set of occupations, purchasing and sales 

personnel, social service and household service personnel, and construction workers will 

be the occupations for which labor demand will increase most markedly in terms of 

numbers of workers. If considered in terms of growth rates, rapidly growing demand was 

reported for literature and art personnel, post and telecommunication personnel, social 

service and household service personnel, and environmental monitoring and waste 

disposal personnel.  

The findings point at potential problems in the future in terms of excess demand for 

workers for specific occupations. Anticipating such problems, well-formulated education 

and training policies seem critical for China to successfully transform the labor force 

from being dominated by agricultural workers into a labor force characterized by a 

dominance of sales and service workers. Such policies need to be developed well in 

advance and require an appropriate time plan for their execution, because training usually 

takes quite a long time and ―re-schooling‖ of older employees is not always feasible. 

Furthermore, to train people, additional teaching staff is required. These teachers must be 

taught and trained themselves, which causes a further lag between the adoption of 
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policies and their impacts. 

 

6.3. Limitations and further research 

 

In the end, we would like to discuss some limitations of this thesis, which are—at the 

same time—indications for future research. 

In Chapter 2, we have mentioned that our decomposition for the semi-closed 

input-output model might suffer from a dependency problem in some cases. This 

dependency problem is caused by the ―adding up condition‖ in input-output models, i.e. 

the sum of input coefficients, import coefficients, labor compensation coefficients and 

other value added coefficients is by definition equal to 1 for each industry. Therefore, 

changes in input coefficients might cause changes in labor compensation coefficients. 

This would be problematic for example for the ceteris paribus interpretation of the results, 

which expresses the contribution of the changes in input coefficients only. In Chapter 2, 

we checked for the dependency of the contributing factors and found that it caused little 

or no problem for our empirical application. Yet, from a methodological point of view, it 

would be interesting to analyze how dependency problems might be overcome. One 

possible way is to adapt the approach suggested by Dietzenbacher and Los (2000), which 

is designed for a structural decomposition analysis of the open input-output model, to the 

case of the semi-closed model. 

The model in Chapter 3 assumed only one representative household. This 

assumption neglects the heterogeneity in consumption behavior of different types of 

households, especially in different income groups. For instance, the propensity to 

consume is usually higher for households in low income groups than for households in 

high income groups. In Chapter 3, we found that China‘s industries are differently 

affected by the 4 trillion yuan stimulus package. China‘s industries also exhibit large 

disparities in wage rates. For instance, data from NBS (2009) indicate that the average 

wage of urban workers in the information industry (which is slightly affected by the 

stimulus package) was 2.5 times that of urban workers in the construction industry 

(which is affected substantially by the stimulus package). The stimulus package therefore 
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affected also the income distribution across households. Most probably, low income 

groups benefited more than high income groups. As the consumption behavior of 

households varies across income groups, this income distribution effect on household 

consumption has been neglected by the assumption (in Chapter 3) of a single 

representative household. Including heterogeneity and its likely consequences for the 

income distribution would have affected the final multiplier effect of the stimulus 

package. Taking the income distribution effect into account requires extending our new 

semi-closed input-output model to social accounting matrices. 

In Chapter 4, we assumed that the fertility rates are exogenously given in the 

rural-urban population model. Future changes in the fertility rate were analyzed using 

different scenarios that were based on information with respect to child control policies. 

An extension of the model might incorporate a separate equation to determine fertility 

rates. In such an extended model, fertility rates would be determined by economic factors 

rather than given by scenarios. Actually, some important factors may cause changes in the 

fertility rate. For instance, studies have shown that economic growth is usually 

accompanied by declines in fertility rates. This phenomenon can be explained by several 

motives (Weil, 2013). One explanation is that economic growth reduces mortality rates, 

which makes it possible for families to produce the same number of surviving adults with 

lower fertility. Another explanation is that economic growth increases household income, 

but that the opportunity costs of raising children rise faster. The combined effect thus 

reduces fertility.  

In Chapter 5, we assumed that household consumption would be the only 

component of China‘s final demand that is affected by the demographic changes. Other 

types of final demand will also be affected, although—we expect—to a lesser extent. For 

instance, urbanization will increase investment demand. Houses and public facilities in 

cities need to be constructed to satisfy the demand of rural-urban migrants. This will 

directly increase the future demand for construction workers. In addition, migration 

patterns are fully exogenous in our model. This assumption implies that changes in labor 

demand have no impact on migration patterns. The model could be improved by 

endogenizing migration. For example, in Chapter 5 we found that the demographic 

changes will increase the future demand for agricultural workers because of an increased 
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demand for food consumption. This will increase the wages for agricultural workers as a 

consequence of which migration from rural to urban areas becomes less attractive. In this 

case, the rural-to-urban migration in our model would slow down, implying that the 

impacts—as reported in Chapter 5—of demographic changes might need to be reduced 

somewhat. 
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Samenvatting (Summary in Dutch) 

 

 

Inleiding 

 

De Chinese economie is snel gegroeid sinds de toetreding van het land tot de 

Wereldhandelsorganisatie in 2001. De nieuwe kansen die ontstonden als gevolg van de 

toegang tot buitenlandse markten zorgden voor een groei van het bruto binnenlands 

product (bbp). Meer dan tien jaar lang bedroeg die gemiddeld ruim 10% per jaar. Sinds 

het uitbreken van de wereldwijde financiële crisis in 2008 verloopt de groei van de 

Chinese export echter trager. De afnemende vraag in de rest van de wereld deed de 

Chinese regering besluiten de effectieve vraag in eigen land te stimuleren. Veel analisten 

zijn van mening dat de toenemende consumptie door huishoudens de sleutel vormt voor 

een aanhoudende groei van de Chinese economie in de nabije toekomst. 

Gezien vanuit het vraaggestuurde perspectief van het input-outputmodel spelen de 

bestedingen van 1,3 miljard mensen een heel grote rol in de Chinese economie. In de 

periode 1993-2012 bedroeg de reële groei van de consumptie door huishoudens in China 

gemiddeld 8%. Bovendien is die groei sinds 2010 zelfs hoger dan die van het bbp. 

Daardoor is het aandeel van de consumptie door huishoudens in het bbp weer aan het 

stijgen, na een lange periode van daling. Daar komt nog bij dat het belang van de 

consumptie door huishoudens naar verwachting verder zal stijgen. Volgens onze prognose 

stijgt het aandeel van de consumptie door huishoudens in het Chinese bbp van 36% in 

2012 naar ongeveer 50% in 2030. Er worden niet alleen aanzienlijke veranderingen 

voorzien in het volume, maar ook in de samenstelling van de consumptiebundel. De 

vergrijzing van de Chinese bevolking en de verdere verstedelijking leiden ertoe dat 

consumptiepatronen zullen veranderen. 

In dit proefschrift wordt de rol van de consumptie door huishoudens in de Chinese 

economie onderzocht. Er zijn drie voor sociaaleconomisch onderzoek relevante 

onderwerpen onderzocht, zowel methodologisch als empirisch. Ten eerste onderzochten 
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we de verschillen tussen de toepassing van structurele decompositie-analyse (SDA) op 

zowel het halfgesloten input-outputmodel als het open input-outputmodel. Daaruit blijkt 

dat de (niet in het open model opgenomen) feedbackeffecten van het arbeidsinkomen op 

de consumptie door huishoudens van cruciaal belang zijn. Ten tweede onderzochten we 

het kortetermijneffect van het ‗stimuleringspakket van 4 biljoen yuan‘ op het Chinese bbp. 

De manier waarop huishoudens in hun consumptieve bestedingen hierop reageren, is heel 

waarschijnlijk van doorslaggevende betekenis geweest voor het multipliereffect van dit 

stimuleringspakket. Ten derde hebben we de gevolgen van de huidige grootschalige 

demografische veranderingen in China onderzocht. Daaruit blijkt dat de (door de 

vergrijzing en verstedelijking veroorzaakte) veranderingen tussen nu en 2030 in de 

consumptiebundel van huishoudens aanzienlijke veranderingen in China‘s 

beroepsspecifieke vraag naar arbeid teweeg zullen brengen. Hieronder geven we een 

samenvatting van onze belangrijkste bevindingen.  

 

Structurele decompositie-analyse: het open model vs. het halfgesloten 

input-outputmodel 

 

In het open model speelt de consumptie door huishoudens een andere rol dan in het 

halfgesloten input-outputmodel. In het open model wordt ze beschouwd als een exogene 

finale vraagcategorie. In het halfgesloten model wordt ze geëndogeniseerd door de 

koppeling aan (endogeen bepaald) arbeidsinkomen. Dit onderscheid leidt tot heel 

verschillende uitkomsten in het onderzoek naar de impact van een finale vraag impuls. In 

Hoofdstuk 2 onderzoeken we of dergelijke verschillen ook optreden bij toepassing van 

een SDA op een open en een halfgesloten model. Hiervoor doen we eerst een voorstel 

voor een nieuwe decompositiemethode voor het halfgesloten model. Vervolgens ontleden 

we met behulp van beide modellen de groei van zowel de brutoproductie van 

bedrijfstakken als het arbeidsinkomen in China en 35 andere landen in de periode 

1997-2007.  

Uit het onderzoek komen twee belangrijke bevindingen naar voren. Ten eerste blijkt 

dat factoren die beide modellen gemeen hebben (zoals wijzigingen in binnenlandse 

inputcoëfficiënten) soortgelijke resultaten voor de bruto productiegroei van China 
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opleveren. De decompositie-analyses van de 35 andere landen laten zien dat dit een 

algemeen gegeven is. Kortom, als alleen de rol van wijzigingen in deze 

gemeenschappelijke factoren van belang is, dan maakt het bij de decompositie van de 

bruto productiegroei geen verschil of het open of het halfgesloten input-outputmodel 

wordt gebruikt. Hierbij dient wel te worden aangetekend dat het halfgesloten model ook 

kan worden gebruikt om te bepalen wat het effect is op de bruto productiegroei van 

factoren die geen rol spelen in het open model (zoals wijzigingen in de 

arbeidsinkomenscoëfficiënten). Ten tweede geldt voor de analyse van de groei van het 

arbeidsinkomen dat wijzigingen in de arbeidsinkomenscoëfficiënten in beide modellen 

een verklarende factor zijn. Voor China blijken er aanzienlijke verschillen te zijn wat 

betreft de rol die deze factor in de twee modellen speelt en dit wordt bevestigd door de 

uitkomsten voor de 35 andere landen. Dus als de rol van wijzigingen in de 

arbeidsinkomenscoëfficiënten van belang is bij de analyse van de groei van het 

arbeidsinkomen, dan heeft het halfgesloten model de voorkeur. Dit komt door de 

koppeling tussen het arbeidsinkomen en de consumptie door huishoudens in het 

halfgesloten model.    

 

Het kortetermijneffect van het stimuleringspakket van 4 biljoen yuan op China’s 

bbp 

 

Om de remmende effecten van de wereldwijde financiële crisis op de economische groei 

van China te verzachten, startte de Chinese centrale regering in 2008 met een 

stimuleringspakket van 4 biljoen yuan. Hoofdstuk 3 bevat een evaluatie van de 

kortetermijneffecten van dit stimuleringspakket op het bbp van China. Hiervoor hebben 

we een nieuw halfgesloten input-outputmodel ontwikkeld. In tegenstelling tot het 

traditionele halfgesloten input-outputmodel wordt de consumptie door huishoudens in dit 

nieuwe model slechts deels geëndogeniseerd. De consumptie door huishoudens wordt in 

overeenstemming met de huidige consumptietheorie onderverdeeld in autonome 

consumptie (exogeen gegeven) en geïnduceerde consumptie (afhankelijk van het 

beschikbare inkomen en daarom geëndogeniseerd). 

Als het consumptiepatroon van Chinese huishoudens stabiel zou zijn gebleven, dan 
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zou het stimuleringspakket van 4 biljoen yuan volgens onze schattingen een extra 3,4 

biljoen yuan aan bbp hebben gegenereerd (een multipliereffect van 0,85). Omdat de 

nadruk van het stimuleringspakket op verbetering van de infrastructuur lag, is het niet 

verwonderlijk dat de bouwsector er het meest van heeft geprofiteerd. Dat geldt ook voor 

sectoren die (direct en/of indirect) met de bouwsector verweven zijn, zoals de 

metaalindustrie,  niet-metaalhoudende minerale productenindustrie, de transport- en 

opslagsector, de groot- en detailhandel, en de energiesector. Volgens het model zou de 

landbouwsector veel profijt hebben gehad van de geïnduceerde consumptie door 

huishoudens vanwege de koppeling met het arbeidsinkomen.   

We tonen echter ook aan dat het endogene deel van de consumptie door 

huishoudens weleens negatief door het stimuleringspakket beïnvloed zou kunnen zijn. 

Mensen zouden zich bijvoorbeeld misschien zorgen kunnen maken over hun baan (na 

beëindiging van de stimuleringsregeling) en kunnen denken dat de regering de 

belastingen zal gaan verhogen om het door het stimuleringspakket ontstane 

begrotingstekort te financieren. Het inkomen van gezinnen mag op de korte termijn 

weliswaar stijgen, maar in dergelijke situaties zijn ze misschien toch heel voorzichtig met 

het besteden van grote delen van hun extra inkomen aan huidige consumptie. In plaats 

daarvan kunnen ze ook besluiten meer te gaan sparen. Het multipliereffect zou in dat 

geval kleiner dan 0,85 zijn en de geïnduceerde consumptie zou hierdoor zelfs teniet 

gedaan kunnen worden. Dit betekent dat de regering de effecten van het 

stimuleringspakket zou kunnen hebben bevorderd als ze tegelijkertijd beleidsmaatregelen 

met een gunstig effect op de toekomstige fiscale situatie had aangekondigd. Een dergelijk 

groot stimuleringspakket vergt wellicht extra maatregelen om verzekerd te zijn van een 

positief resultaat. 

 

De effecten van de vergrijzing en verstedelijking voor de toekomstige 

(beroeps)bevolking van China 

 

De verwachting is dat China de komende decennia met enorme demografische 

veranderingen te maken krijgt. Enerzijds krijgt China, net als veel andere landen, te 

maken met een vergrijzende bevolking. Dit betekent dat het aantal mensen van 65 jaar en 
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ouder naar verhouding zal toenemen. Dit wordt veroorzaakt door het lage 

vruchtbaarheidscijfer vanwege de Chinese éénkindpolitiek, de vergrijzing van de grote 

babyboomgeneratie uit de jaren 60 van de vorige eeuw, en het lagere sterftecijfer. 

Tegelijkertijd zet de snelle verstedelijking van China tijdens het industrialisatieproces 

naar verwachting verder door. Veel mensen trekken van het platteland naar de stad om 

daar te gaan werken, en een aantal plattelandsgebieden zal verstedelijken. 

 Hoofdstuk 4 bevat jaarprognoses voor de Chinese bevolking voor de periode 

2010-2030. Hiervoor hebben we een nieuw stad/platteland-model ontwikkeld dat zich op 

twee vlakken onderscheidt van door andere onderzoekers en instellingen ontwikkelde 

prognosemodellen voor de Chinese bevolking. Ten eerste wordt in het model in dit 

proefschrift rekening gehouden met verschillen tussen de vruchtbaarheids- en 

sterftecijfers op het platteland en in de stad. Ten tweede wordt in het model expliciet 

rekening gehouden met de overgang van plattelands- naar stadsbevolking (als gevolg van 

zowel migratie als de verstedelijking van plattelandsgebieden). Uit deze prognose blijkt 

het volgende:       

(i) China krijgt de komende decennia met een ernstig vergrijzingsprobleem te 

kampen. Het aandeel 65-plussers stijgt van 9% van de totale bevolking in 2010 naar 22% 

in 2030. 

(ii) Het vergrijzingsprobleem neemt op het platteland ernstigere vormen aan dan in 

de stad. In 2030 ligt het aandeel 65-plussers op het platteland 2 procentpunten hoger dan 

in de stad.    

(iii) De snelle verstedelijking van China zet de komende decennia door. Het 

verstedelijkingspercentage (d.w.z. het percentage mensen dat in stedelijke gebieden 

woont) stijgt van 50% in 2010 naar 71% in 2030. 

(iv) China krijgt de komende decennia te maken met een krimpend aanbod op de 

arbeidsmarkt, wat nadelige gevolgen kan hebben voor de economische groei op de lange 

termijn. De totale beroepsbevolking van China neemt in de periode 2010-2030 met 6% 

af. 

 

De gevolgen van demografische veranderingen voor China’s toekomstige 

beroepsspecifieke vraag naar arbeid 
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De demografische veranderingen in China hebben niet alleen gevolgen voor het 

toekomstige arbeidsaanbod, maar ook voor de toekomstige beroepsspecifieke vraag naar 

arbeid. Huishoudens met verschillende demografische kenmerken hebben namelijk 

verschillende consumptiebundels. De grote demografische veranderingen die China te 

wachten staan, zullen aanzienlijke wijzigingen teweegbrengen in het niveau en de aard 

van de consumptie door huishoudens. Als gevolg hiervan zal ook de vraag naar arbeid in 

verschillende beroepen veranderen. Hoofdstuk 5 geeft een kwantitatief overzicht van de 

gevolgen van de demografische veranderingen voor China‘s toekomstige 

beroepsspecifieke vraag naar arbeid.  

Uit onze consumptieprognoses blijkt dat de demografische veranderingen in China 

de komende jaren zullen leiden tot aanzienlijke wijzigingen in de consumptiebundel van 

Chinese huishoudens. Volgens onze analyse zal de voedselconsumptie naar verhouding 

aanmerkelijk dalen. Het aandeel van andere consumptiecategorieën zal juist aanzienlijk 

stijgen: culturele en recreatieve dienstverlening en overige goederen en diensten, 

gezondheidszorg, huishoudelijke apparaten en technische dienstverlening, transport en 

communicatie, en onderwijs.    

Uit onze scenario-analyse (waarin ook rekening is gehouden met trends in de groei 

van de arbeidsproductiviteit, veranderingen in handelspatronen en een veranderende de 

vraag naar investeringen) blijkt dat er in de periode 2010-2030 grote verschillen zullen 

optreden in de groei van de vraag naar arbeid. Het aantal arbeidskrachten in de landbouw 

aanzienlijk zal afnemen: een daling van in totaal 137 miljoen banen (een jaarlijkse daling 

van 2,5%). Het aantal mensen dat actief is in de verkoop en dienstverlening zal het sterkst 

toenemen: 182 miljoen (een jaarlijkse groei van 4,8%). Als we inzoomen op een aantal 

nauwer gedefinieerde beroepsgroepen dan zien we dat de stijging van de vraag naar 

arbeid het sterkst zal zijn in de in- en verkoop, in de maatschappelijke en huishoudelijke 

dienstverlening, en in de bouw. De procentuele groei is het sterkste in de kunst- en 

cultuursector, post en telecommunicatie,  maatschappelijke en huishoudelijke 

dienstverlening, en in milieu- en afvalbeheer.   

Onze bevindingen wijzen op mogelijke problemen met betrekking tot een 

excessieve vraag naar personeel in specifieke beroepen. Om hierop te kunnen inspelen en 
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de beroepsbevolking te transformeren van overwegend agrarisch naar overwegend sales- 

en servicegericht is onderwijs- en scholingsbeleid van cruciaal belang voor China. 

Dergelijk beleid zal tijdig dienen te worden ontwikkeld en vereist een uitgekiende 

planning, aangezien scholing gewoonlijk veel tijd vergt en omscholing van oudere 

medewerkers niet altijd haalbaar is. Bovendien zal extra onderwijspersoneel nodig zijn 

om de scholing te verzorgen. Deze docenten moeten eerst zelf moeten worden geschoold, 

met als gevolg verdere vertraging van de toepassing en de effecten van het beleid. 

 


