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Abstract 11 

Although the input–output model has been widely used for both pure economic analysis 12 

and environmental issues, demographic analysis has been relegated to the periphery of the 13 

input–output literature. Previous researchers have made significant contributions in 14 

developing the economic–demographic modeling from the unemployment perspective, in the 15 

context of shrinking regional economies. This study aims to develop an extended input–16 

output model for urbanization, based on the Batey–Madden model by incorporating the 17 

“urbanization process.” This process is associated with one of the facets of demographic 18 

change and has received little attention in the literature. The effectiveness of the model is 19 

theoretically explored and empirically tested using Chinese data, which show rapid progress 20 

of urbanization in China. The study proposes a new “urbanization multiplier,” which implies 21 

strong population concentration in cities based on an employment multiplier in urban areas 22 

and labor allocation possibilities between urban and rural areas. The result from a preliminary 23 

application show that the economic structure can determine the urbanization multiplier, 24 

indicating that the extent of employment opportunities promotes urbanization and the size of 25 

the population attracts more workers from rural areas. The model provides a fresh aspect of 26 

urbanization in existing literature.  27 

 28 

Keywords: demography, urbanization, migration, input–output analysis 29 
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1．Introduction 30 

 31 

Demography is a crucial factor for the sustainable economic development of any 32 

region. It is widely known that demographic change affects economic growth and that 33 

economic development influences family planning, leading to a change of demography in a 34 

society. Demographic change includes a wide variety of phenomena, including change in 35 

labor participation, such as employment and unemployment; subsequent shift in population 36 

age structure, which means an expanding or shrinking volume of working-age group; decline 37 

or rise in fertility; and life expectancy. Thus, it is clear that demography matters a great deal 38 

for economic growth.  39 

Input–output analysis has been widely applied to regional economic issues, such as 40 

identification of leading industries, impact of new industry establishment, and employment 41 

and unemployment (see Miller and Blair 2009), since it can provide a comprehensive picture 42 

of the whole industrial economy in terms of both demand (including consumption and capital 43 

formation) and supply (including compensation for workers and created value added). There 44 

is no doubt that the most important issue for regional economies is the existence of 45 

unemployment, employment, and household consumption. However, conventional input–46 

output analysis has paid only limited attention to changes in output by industrial activities; 47 

furthermore, the framework excludes households, not to mention population and labor force. 48 

A body of work by Batey and co-researchers, particularly in the 1980s, has positively 49 
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contributed to the field of the extended input–output model for demography, especially 50 

employment and unemployment in labor accounts (Batey and Madden 1981, 1988, 1999a, 51 

1999b; Batey 1985; Batey and Weeks 1987, 1989; Batey, Madden, and Weeks 1987). The 52 

development and potential of this model has been discussed by Batey and Rose (1990); more 53 

recently, the model has been reviewed in the context of declining regional economies (Batey 54 

2018). 55 

The Batey–Madden model has four components: the economic (inter-industry) 56 

interaction submatrix, the demographic interaction submatrix, the demographic–economic 57 

interaction submatrix, and the economic–demographic interaction submatrix. Since the 58 

abovementioned works focus on the employment problem and the consumption associated 59 

with unemployment, the model interpretation has mainly focused on the demographic–60 

economic interaction (or the impact of change in employment levels on consumption), and 61 

the economic–demographic interaction (or the impact of changes in production on 62 

employment). We find that there is relatively little investigation of the demographic 63 

interaction. Moreover, despite the significant academic contributions to the development of a 64 

consistent methodology for analyzing the economic–demographic relationship in the input–65 

output framework, there have been few applications in this field. Considering the importance 66 

of demographic impact on the economy, this model has strong potential for further analysis of 67 

regional economic issues related to demography.  68 
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Urbanization is a kind of substantial geographical change that involves massive 69 

labor movement from rural to urban areas. Certainly, urbanization has also been given 70 

extensive attention in the input–output literature in the context of environmental impact (e.g., 71 

Ala-Mantila, Heinonen, and Junnila 2014; Li et al. 2015; Feng and Hubacek 2016). However, 72 

urbanization itself has been treated as an exogeneous factor in this literature, and the direct 73 

relationship or interdependency between urbanization and economy has been ignored.  74 

This study aims to develop an extended input–output model for urbanization based 75 

on the Batey–Madden model by incorporating the “urbanization process.” This process is 76 

associated with one of the facets of demographic change and has received little attention in 77 

the literature. The effectiveness of the model is theoretically explored and empirically tested 78 

using Chinese data, which show rapid progress of urbanization in China.  79 

The paper consists of the following parts. Section 2 describes the extended model of 80 

demography that Batey and others focused on in their works. Then, we develop an input–81 

output model for urbanization by applying the Batey–Madden model, and further discuss its 82 

multipliers. In Section 3, we present the empirical results of the Chinese urbanization process 83 

and explain how the model works. Finally, Section 4 discusses the results and concludes. 84 

 85 

2．Input–Output Model for Urbanization 86 

 87 
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2.1 Model for Demography 88 

 89 

Based on a simple and very typical input–output model, final demand promotes an 90 

increase in the output of each sector via input–output relations among sectors. Thus, the final 91 

demand sectors, such as household consumption, government investment, and shipment in 92 

foreign trade, are considered as an exogenous sector. However, households, governments, and 93 

foreign economic entities are composed of important elements of domestic economic activity 94 

within the real world. In particular, categorizing households as the exogenous sector places a 95 

strain on the basic economic theory.  96 

Households can earn income from the payment for their labor input to production 97 

processes; moreover, as consumers, they spend their income in well-patterned ways. In 98 

particular, a change in the amount of labor required for production in one or more sectors can 99 

lead to changes in the amount of spending by households as a group for consumption. On the 100 

grounds that households play an important role in the whole economy, some researchers, such 101 

as Miernyk et al. (1967) and Miyazawa (1976), have attempted to incorporate households 102 

into the input–output framework.1  103 

 

1 The conventional input–output model is called an open model while this model is referred 

to as a closed model. The latter moves the household sector from the final demand items and 

value-added items to the open model as an endogenous sector and makes it one of the 

endogenous sectors, leading to the closure of the model for households. See Miller and Blair 
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In contrast to the input–output model for households, that for demography, which 104 

Madden and Batey (1980), Batey and Madden (1981) and Batey (1985) developed, has one 105 

unique feature: the variables of demography are measured as a number of people rather than 106 

as a monetary unit, which can capture changes in economic activities induced by changes in 107 

the amount of labor or demographic changes. These researchers proposed that the household 108 

activity variables, including both labor input and consumption expenditure, should be 109 

converted to units of population so that the model can be used to analyze demographic 110 

changes. By making various modifications to the conventional equation of input–output 111 

relations, they constructed an extended input–output model for demography (Batey 2018). 112 

Using Equation (1), we can describe the model in its most rudimentary form (Batey 113 

and Weeks 1987; Batey 2018).2 This is the so-called Batey–Madden model (Batey 2018).3 114 

[𝐼 − 𝐴 −ℎ̇𝑐𝑒 −ℎ̇𝑐𝑢−𝑙 1 00 1 1 ] [𝑥𝐼𝑒𝑢 ] = [𝑑𝐼0𝑝 ] (1) 115 

where 116 

 

(2009, 34–41) for more details. 

2 The earlier version of Madden and Batey’s (1980) model was criticized for inconsistent 

consideration of employed and unemployed immigrants, and the associated changes in the 

size and structure of households (Hynes and Jackson 1988). This problem can be avoided by 

using a rudimentary form of the model, which was termed the “personal consumption 

framework” (Madden 1988). 

3 See Okamoto (2019a) for more details about the Batey–Madden model. 
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ℎ̇𝑐𝑒: a column vector of consumption coefficients, expressed as consumption per household, 117 

for employed workers 118 

ℎ̇𝑐𝑢: a column vector of consumption coefficients, expressed as consumption per household, 119 

for unemployed workers 120 

𝑙: a row vector of employment–production (employment/gross output ratios) functions by 121 

industrial sector 122 

𝑒: a scalar, the number of employed workers 123 

𝑢: a scalar, the number of unemployed workers 124 

𝑝: a scalar, the level of labor supply 125 

The model consists of three blocks of simultaneous equations. The first block of equations 126 

establishes that the gross output is equal to the sum of intermediate and final demand: 127 

(𝐼 − 𝐴)𝑥𝐼 − ℎ̇𝑐𝑒𝑒 − ℎ𝑐�̇�𝑢 = 𝑑𝐼 (2) 128 

It is worth mentioning that the rest of the equation expresses the demographic change. The 129 

second block of equations indicates that the number representing employment is equal to the 130 

induced labor demand by total production: 131 

−𝑙𝑥𝐼 + 𝑒 = 0 (3) 132 

Then, 133 

𝑒 = 𝑙𝑥𝐼 (4) 134 

The third block of equations shows that the labor supply consists of the number of employed 135 
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and unemployed: 136 

𝑒 + 𝑢 = 𝑝 (5) 137 

From the block equation structure of this model, we conclude that it is possible to partition 138 

the matrix coefficients, and the vectors of activity level and inputs, to separate the economic 139 

and demographic characteristics of the system, as shown in Table 1. 140 

Table 1 System of input–output model for demography 141 

 Economic activities Demographic activities 

Economic inputs [𝐼 − 𝐴] 
Inter-industry transaction 

[−ℎ̇𝑐𝑒 − ℎ𝑐�̇�] 
Household consumption 

Demographic inputs [−𝑙0 ] 
Household income 

[1 01 1] 
Household formation, 
generation of labor supply 

 142 

2.2 Model Elaboration with Urbanization 143 

 144 

Urbanization is defined as the process of population movement from rural areas to 145 

urban areas. Farmers are mainly engaged in agricultural production, and usually, want to 146 

migrate to cities to find better jobs and seek a better life. City dwellers who were previously 147 

farmers have become an important component of the labor force in factories and offices. At 148 

the same time, they enjoy the modern consumption life.  149 

Dividing households into those in cities and those in villages, the input–output 150 

model for urbanization is constructed as an application of the rudimentary Batey–Madden 151 

model in equation (6). 152 
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[𝐼 − 𝐴 −ℎ̇𝑐𝑢 −ℎ̇𝑐𝑟−𝑙𝛼 1 00 1 1 ] [𝑥𝐼𝑢𝑟 ] = [𝑑𝐼0𝑝 ] (6) 153 

where 154 

ℎ̇𝑐𝑢: a column vector of consumption coefficients, expressed as consumption per person, for 155 

an urban worker  156 

ℎ̇𝑐𝑟: a column vector of consumption coefficients, expressed as consumption per person, for a 157 

rural worker 158 

𝑙: a row vector of urban employment–production (urban employment/gross output ratios) 159 

functions by industrial sector 160 

𝛼: a scalar, the spatial friction coefficient, showing the level of difficulty during migration, 161 

such as distance and cultural differences. It takes a value from 0 to 1.  162 

𝑢: a scalar, the number of urban workers 163 

𝑟: a scalar, the number of rural workers 164 

𝑝: a scalar, the level of labor supply 165 

The first term of equation (6) is derived as follows: 166 

(𝐼 − 𝐴)𝑥𝐼 − ℎ̇𝑐𝑢𝑢 − ℎ𝑐�̇�𝑟 = 𝑑𝐼 (7) 167 

Equation (7) shows that the undetermined variable, total output, is sought through 168 

inter-industrial relations and household consumption of both urban workers and rural workers 169 

under the constraints of other final demand, such as capital formation and net exports. The 170 

rest of equation (6) indicates the demographic changes that occurred in the process of 171 
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urbanization: 172 

−𝑙𝛼𝑥𝐼 + 𝑢 = 0 (8) 173 

Furthermore, 174 

𝑢 + 𝑟 = 𝑝 (9) 175 

Equation (9) shows that the national labor supply is composed of urban workers and rural 176 

workers, and urban workers are induced by urban employment opportunities, defined as the 177 

following equation transformed from equation (8): 178 

𝑢 = 𝑙𝛼𝑥𝐼 (10) 179 

Equation (10) indicates that the total output of the economy determines the urban 180 

employment opportunities and these new additional job opportunities are covered by 181 

migrants from rural areas by overcoming any obstacles to movement. Thus, the demographic 182 

change can be expressed by substituting equation (10) into equation (9). Then, 183 

𝑙𝛼𝑥𝐼 + 𝑟 = 𝑝 (11) 184 

Equation (11) shows that the total labor supply in the country consists of urban workers, 185 

including the labor migration to cities from villages and the rest of the population left in the 186 

countryside. The model’s assumption that labor demand induced only by total output of the 187 

whole country determines the extent of migration from rural to urban areas, means that the 188 

economic expansion has no influence on the rural employment opportunities. Although this 189 

assumption seems to be unrealistic, the spatial friction coefficient α can also be seen as a 190 
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gravity or pull power that new increased job opportunity in rural areas created by the 191 

country’s total output prevents people from going to cities. Thus, α parameter plays a vital 192 

role in determining the number of migrants from rural to urban areas.  193 

 194 

2.3 Multiplier of the Model 195 

 196 

Let us again analyze equation (6), the application form of the Batey–Madden model. If 197 

the matrix is partitioned with the economic and demographic activity, then it can be 198 

converted to a simple form of the equation, as follows: 199 

[𝐼 − 𝐴 −ℎ̇𝑐𝑢 −ℎ̇𝑐𝑟−𝑙𝛼 1 00 1 1 ] = [𝐼 − 𝐴 −𝐻𝑐−𝐻𝑙 𝐷 ] (12) 200 

where 𝐻𝑐 = [ℎ̇𝑐𝑢  ℎ𝑐�̇�], 𝐻𝑙 = [𝑙𝛼0 ] , 𝐷 = [1 01 1]. In addition, 𝑥𝑑 = [𝑢𝑟]  is defined as the 201 

number of urban and rural workers, 𝑑𝑑 = [0𝑝] is the number of commuting workers from 202 

rural areas,4 which is assumed to be an imbalance and therefore, set at zero, and the amount 203 

of economically active population or total labor supply of the country. Equation (6) can then 204 

be rewritten as 205 

 

4 In reality, some workers living in the countryside commute to work in cities. However, in 

the model, for simplicity it is assumed that there are no commuting workers from rural areas 

to urban areas for jobs. This assumption means that rural workers work only in villages if 

they live in the countryside. 
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[𝐼 − 𝐴 −𝐻𝑐−𝐻𝑙 𝐷 ] [𝑥𝐼𝑥𝑑] = [𝑑𝐼𝑑𝑑] (13) 206 

The inverse matrix of [𝐼 − 𝐴 −𝐻𝑐−𝐻𝑙 𝐷 ] is defined as [𝐿11 𝐿12𝐿21 𝐿22], and then, equation (13) is 207 

solved for unknown variables, that is, the total output of industry, and the number of urban 208 

and rural workers, by using the abovementioned inverse L matrix: 209 

[𝑥𝐼𝑥𝑑] = [𝐿11 𝐿12𝐿21 𝐿22] [𝑑𝐼𝑑𝑑] (14) 210 

 By further investigating the inverse matrix of the model, the analytical relationship 211 

embodied in equation (14) can be explored by analyzing each quadrant in detail. From 212 

equation (13), the following two equations can be obtained: 213 

(𝐼 − 𝐴)𝑥𝐼 − 𝐻𝑐𝑥𝑑 = 𝑑𝐼 (15) 214 

−𝐻𝑙𝑥𝑖 + 𝐷𝑥𝑑 = 𝑑𝑑 (16) 215 

From equation (15),  216 

𝑥𝐼 = (𝐼 − 𝐴)−1𝑑𝐼 + (𝐼 − 𝐴)−1𝐻𝑐𝑥𝑑 (17) 217 

Substituting (17) for (16),  218 

𝑥𝑑 = [𝐷 − 𝐻𝑙(𝐼 − 𝐴)−1𝐻𝑐]−1𝐻𝑙(𝐼 − 𝐴)−1𝑑𝐼 + [𝐷 − 𝐻𝑙(𝐼 − 𝐴)−1𝐻𝑐]−1𝑑𝑑 (18) 219 

Substituting (18) for (15),  220 𝑥𝐼 = (𝐼 − 𝐴)−1{𝐼 + 𝐻𝑐[𝐷 − 𝐻𝑙(𝐼 − 𝐴)−1𝐻𝑐]−1𝐻𝑙(𝐼 − 𝐴)−1}𝑑𝐼+(𝐼 − 𝐴)−1𝐻𝑐[𝐷 − 𝐻𝑙(𝐼 − 𝐴)−1𝐻𝑐]−1𝑑𝑑 (19) 221 

This can be further simplified, where 𝐵 = (𝐼 − 𝐴)−1, 𝐿22 = [𝐷 − 𝐻𝑙𝐵𝐻𝑐]−1, so that 222 

[𝑥𝐼𝑥𝑑] = [𝐵(𝐼 + 𝐻𝑐𝐿22𝐻𝑙𝐵) 𝐵𝐻𝑐𝐿22𝐿22𝐻𝑙𝐵 𝐿22 ] [𝑑𝐼𝑑𝑑] (20) 223 

This is another expression of equation (14), enabling us to understand what this inverse 224 
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matrix means. 𝐿22 = [𝐷 − 𝐻𝑙𝐵𝐻𝑐]−1 in the model for urbanization, corresponding to the 225 

inter-relational income multiplier defined by Miyazawa,5 is expressed as equation (20) and 226 

plays a crucial role in this model. Different from the inter-relational income multiplier, the 227 

situation of labor market 𝐷 influences the model performance. In other words, the number 228 

of rural and urban workers determines the changes of the multiplier. 229 

 230 

2.3.1 Interpretation of 𝑳𝟐𝟐
 231 

 232 

First, we investigate 𝐿22 = [𝐷 − 𝐻𝑙𝐵𝐻𝑐]−1 , which plays an important role in the 233 

implementation of this model. 234 

As presented in matrix algebra (18) above, 235 

𝐿22 = [𝐷 − 𝐻𝑙𝐵𝐻𝑐]−1 = {[1 01 1] − [𝑙𝛼0 ] 𝐵[ℎ̇𝑐𝑢 ℎ̇𝑐𝑟]}−1 (21) 236 

This expression can be further simplified as 237 

𝐿22 = [1 − 𝑙𝛼𝐵ℎ̇𝑐𝑢 −𝑙𝛼𝐵ℎ̇𝑐𝑟1 1 ]−1 (22) 238 

This yields 239 

𝐿22 = [𝐿1122 𝐿1222𝐿2122 𝐿2222 ] = 𝑘 [ 1 𝑙𝛼𝐵ℎ̇𝑐𝑟−1 1 − 𝑙𝛼𝐵ℎ̇𝑐𝑢] (23) 240 

where 𝑘 = 1 (1 − 𝑙𝛼𝐵ℎ̇𝑐𝑢 + 𝑙𝛼𝐵ℎ̇𝑐𝑟)⁄   241 

𝐿1122 = 11 − 𝑙𝛼𝐵ℎ̇𝑐𝑢 + 𝑙𝛼𝐵ℎ̇𝑐𝑟 (24) 242 

 

5 See the relation with Miyazawa’s multiplier for Batey and Madden (1999a). 
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𝐿1222 = 𝑙𝛼𝐵ℎ̇𝑐𝑟1 − 𝑙𝛼𝐵ℎ̇𝑐𝑢 + 𝑙𝛼𝐵ℎ̇𝑐𝑟 (25) 243 

𝐿2122 = −11 − 𝑙𝛼𝐵ℎ̇𝑐𝑢 + 𝑙𝛼𝐵ℎ̇𝑐𝑟 (26) 244 

𝐿2222 = 1 − 𝑙𝛼𝐵ℎ̇𝑐𝑢1 − 𝑙𝛼𝐵ℎ̇𝑐𝑢 + 𝑙𝛼𝐵ℎ̇𝑐𝑟 (27) 245 

The element 𝐿1122  shown in equation (24), or 𝑘 = 1 (1 − 𝑙𝛼𝐵ℎ̇𝑐𝑢 + 𝑙𝛼𝐵ℎ̇𝑐𝑟)⁄ , can be 246 

interpreted as a multisectoral urban employment multiplier, which means the induced 247 

employment generated by the changes in per capita consumption of both urban and rural 248 

residents through the input–output relation of industries. This is analogous to the Keynesian 249 

multiplier, as mentioned in Batey (2018). This may indicate the effect on the urban 250 

employment level of an exogenous unit with an increase in urban employment, which denotes 251 

the unit increase in the number of workers outside the country (it is set to zero in this model; 252 

see the element of 𝑑𝐼). In this model, all job opportunities are assumed to take place only in 253 

urban areas so that equation (24) shows urban employment generated by a unit increase of 254 

labor force, based on the assumption that workers have not migrated from overseas. By 255 

contrast, equation (26) represents the mirror image of this effect on rural employment in the 256 

region. 257 

Since 𝑙𝛼𝐵ℎ̇𝑐𝑢 and 𝑙𝛼𝐵ℎ̇𝑐𝑟 are the direct and indirect effects on the employment of 258 

the consumption of an urban or rural worker, respectively, the two remaining elements 𝐿1222  259 

and 𝐿2222  represent the effects on urban and rural workers, respectively, with respect to a unit 260 

increase in the size of labor supply or economically active population. An increase in labor 261 
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supply must be allocated to either the urban or rural population, and therefore, can be 262 

interpreted as the probabilities of spatial labor allocation, as the sum of 𝐿1222  and 𝐿2222  is unity, 263 

according to equations (25) and (27). Applying Batey’s (2018) interpretation to this context, 264 

the probabilities can be interpreted as, in the former case, the probability of moving to cities 265 

for employment and, in the latter case, the probability of workers remained in rural areas, 266 

assuming that the other factors, particularly final demand, remain constant.  267 

In summary, quadrant 𝐿22 of the complete multiplier denotes the impact on the 268 

allocation of the urban and rural population based on the changes in labor supply or 269 

demographic factors. Hence, these multipliers can be called “urban and rural labor allocation 270 

multipliers,” or more simply, “urbanization multipliers,” because they show the direct effects 271 

of the movement of people into cities. This quadrant provides a basis for weighing the 272 

impacts due to changes in the elements of the spatial labor market between urban areas and 273 

rural areas. Therefore, our urbanization multiplier can be interpreted as in Table 2. 274 

Table 2 Interpretation of urban and rural labor allocation multiplier (𝑳𝟐𝟐) 275 

 Column 1 (Multiplier) Column 2 (Probability) 

Urban employment 
Urban employment multiplier 𝐿1122  

The probability of urban 
employment 𝐿1222  

Rural employment 
Rural employment multiplier 𝐿2122  

The probability of rural 
employment 𝐿2222  

 276 

2.3.2 Interpretation of 𝑳𝟐𝟏 = 𝑳𝟐𝟐𝑯𝒍𝑩 277 

 278 
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Let us move on to the lower-left side item of the multiplier in equations (14) and (20). It is 279 

obvious that if the focus is on the impact caused by changes in economic activity, represented 280 

by 𝑑𝑑, and the labor supply remains unchanged and is represented as zero, then the impact 281 

on urban employment can be estimated by the final demand from equation (25), as follows: 282 

𝑥𝑑 = 𝐿21𝑑𝐼 (28) 283 

The 𝐿21 quadrant of the inverse matrix in equation (28) contains information about the direct, 284 

indirect, and induced effects by a unit change in final demand. This quadrant is expressed in a 285 

manner similar to 𝐿22: 286 

𝐿21 = [𝐿1121 𝐿1221𝐿2121 𝐿2221 ] = 𝐿22𝐻𝑙𝐵 = 𝑘 [ 1 𝑙𝛼𝐵ℎ̇𝑐𝑟−1 1 − 𝑙𝛼𝐵ℎ̇𝑐𝑢] [𝑙𝛼0 ] 𝐵 (29) 287 

Each element of the submatrix 𝐿21 is expressed as follows: 288 

𝐿1121 = 𝑙𝛼𝐵1 − 𝑙𝛼𝐵ℎ̇𝑐𝑢 + 𝑙𝛼𝐵ℎ̇𝑐𝑟 (30) 289 

𝐿2121 = −𝑙𝛼𝐵1 − 𝑙𝛼𝐵ℎ̇𝑐𝒖 + 𝑙𝛼𝐵ℎ̇𝑐𝑟 (31) 290 

Here, the other elements of the submatrix are zero; that is, 𝐿1221 = 𝐿2221 = 0. It is worth 291 

reporting that 𝐿1121  and 𝐿2121  are presented in vector form, unlike the elements of 𝐿22, which 292 

are presented in scalar form. In the most straightforward case, in which only one type of 293 

urban worker is identified, the row vector 𝐿1121  denotes urban employment effects, while the 294 

second element 𝐿2121  indicates rural employment effects. As highlighted in the case of 295 

employment and unemployment by Batey (2018), since an increase in urban employment is 296 

matched by a corresponding decrease in rural employment, equation (31) merely repeats the 297 
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elements of equation (30) with the signs reversed. Therefore, equation (31) is the mirror 298 

image of equation (30), and equation (30) can be interpreted as the number of urban 299 

employed, which is induced by a unit increase in the final demand of the economy.  300 

 301 

2.3.3 Interpretation of 𝑳𝟏𝟐 = 𝑩𝑯𝒄𝑳𝟐𝟐
 302 

 303 

Looking at the upper-right item of the inverse matrix in equations (14) and (20), which can be 304 

described as follows, we assume that the industrial final demand equals zero. 305 

𝑥𝐼 = 𝐿12𝑑𝑑 = 𝐵𝐻𝑐𝐿22𝑑𝑑 (32) 306 

The 𝐿12 quadrant of the inverse matrix in equation (32) shows inter-dependency between the 307 

economy and demography, giving us information about the direct, indirect, and induced 308 

effects when a unit change occurs in labor supply. This quadrant can be shown as follows, 309 

using 𝐿22, the urbanization multiplier defined above: 310 

𝐿12 = 𝐵𝐻𝑐𝐿22 = 𝐵[ℎ̇𝑐𝑢 ℎ̇𝑐𝑟] [𝐿1122 𝐿1222𝐿2122 𝐿2222 ] = [𝐵(ℎ̇𝑐𝑢𝐿1122 + ℎ̇𝑐𝑟𝐿2122 ) 𝐵(ℎ̇𝑐𝑢𝐿1222 + ℎ̇𝑐𝑟𝐿2222 )] (33) 311 

This is shown in two-column vectors by the industrial sector. The left one, 𝐵(ℎ̇𝑐𝑢𝐿1122 +312 

ℎ̇𝑐𝑟𝐿2122 ), is the output multiplier multiplied by increased per capita consumption, which is 313 

induced by the urban employment multiplier, 𝐿1122 , and reduced by the rural employment 314 

multiplier, 𝐿2122 . In other words, the multiplier of the extent of the power that the urban 315 

industries have to attract workers from the countryside determines household consumption, 316 

and then, generates the production of goods and services to meet this increased consumption. 317 
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Similarly, the right element of equation (33), that is, 𝐵(ℎ̇𝑐𝑢𝐿1222 + ℎ̇𝑐𝑟𝐿2222 ), also indicates the 318 

output produced to meet the expanded consumption of both urban and rural households, but 319 

they are directly affected by the possibility of total labor allocation to two areas, urban or 320 

rural. Both vectors are shown in monetary units. 321 

 322 

2.3.4 Interpretation of 𝑳𝟏𝟏 = 𝑩(𝑰 + 𝑯𝒄𝑳𝟐𝟐𝑯𝒍𝑩) 323 

 324 

The last quadrant to be explained is multiplier, 𝐿11, which represents the production of 325 

output stimulated by final demand. This is composed of two parts, namely, the ordinary 326 

Leontief inverse, 𝐵 , and another augmentation coefficient by the final demand 327 

stimulus, 𝐵𝐻𝑐𝐿22𝐻𝑙𝐵. Starting from the right-hand side, 𝐻𝑙𝐵 indicates that the initial output 328 

multiplier generates urban labor employment; then, 𝐻𝑐𝐿22𝐻𝑙𝐵  translates that into 329 

consumption expenditure per person through changes in the amount of labor allocation 330 

between urban and rural areas. Multiplying this by the Leontief inverse shows the output 331 

multiplier by the induced consumption. 332 

 The inverse matrix of the extended model for urbanization shown in equation (14) is 333 

summarized in Table 3. 334 

Table 3 Image of inverse matrix of extended input–output model for urbanization 335 

 Industry Labor allocation 

(Multiplier, Probability) 

Industry 
𝐵(𝐼 + 𝐻𝑐𝐿22𝐻𝑙𝐵) 

Output multiplier 
𝐵𝐻𝑐𝐿22 

Induced output by the 
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changes in per capita 
consumption 

Labor migration 

𝐿22𝐻𝑙𝐵 

Induced urban employment 
and reduced rural 
employment 

𝐿22 

Urban and rural labor 
allocation multiplier  

urbanization multiplier 

 336 

Finally, we investigate equations (14) and (20) from the aspect of impacts brought by 337 

endogenous factors, such as final demand and total supply of labor. In fact, this impact model 338 

can be interpreted in the same way as the conventional household endogenous model in 339 

relation to the total output, which has impacts on the whole economy. The first row of 340 

equation (14) is expressed as 341 

𝑥𝐼 = 𝐿11𝑑𝐼 + 𝐿12𝑑𝑑 (34) 342 

Equation (34) shows that the total output is the sum of the output induced by the final 343 

demand (𝐿11𝑑𝐼) and the output generated or intensified by the per capita consumption 344 

changes, which is caused by changes in labor supply. This implies that the output is increased 345 

due to a rise in final demand items, such as investment and exports, as well as growth in labor 346 

population. 347 

 The second row of equation (14), which is derived as follows, requires detailed 348 

explanation: 349 

𝑥𝑑 = 𝐿21𝑑𝐼 + 𝐿22𝑑𝑑 (35) 350 

The number of urban and rural workers, 𝑥𝑑, can be obtained by summing up the 351 
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numbers induced by final demand, 𝐿21𝑑𝐼, and by demographic change, 𝐿22𝑑𝑑. The size of 352 

the urban labor force can be determined by the amount of final demand in the country 353 

because laborers are assumed to be employed in urban factories to meet the increased demand. 354 

In this model, these newly employed people are considered to have migrated from rural areas. 355 

Demographic change also has an impact on the determination of the number of urban and 356 

rural workers. The increased size of the total labor population in the country can be allocated 357 

to the rural or urban area through the urbanization multiplier, 𝐿22. Therefore, equation (35) is 358 

of enormous importance in investigating the urbanization process. 359 

 360 

3．Empirical Analysis and Implications of the Model 361 

 362 

3.1 Target Country, Data, and Methodology 363 

 364 

In the previous section, we develop an extended input–output model for urbanization and 365 

theoretically investigate the meaning of each multiplier between demography and economy. 366 

In this section, we test how the model works using real data. In particular, we observe how 367 

the demographic part of the submatrix, called the urbanization multiplier here, changes 368 

empirically. 369 

We choose China for our empirical study, as it typifies the kind of region in which our 370 

model is likely to prove most meaningful and useful. Since 1978, when China’s opening and 371 

reform policy started, major cities in the coastal area have expanded rapidly, mainly 372 
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reflecting an increase of foreign investment. Despite the restrictions of the household 373 

registration system (hukou), massive labor force has flowed into cities. This movement has 374 

accelerated since the government started promoting urbanization and townization6 as an 375 

economic policy in 2014 to overcome the so-called “middle-income trap.” Urbanization has 376 

increased the productivity of Chinese cities, and this is considered a decisive engine of 377 

economic growth (Griffiths and Schiavone 2016; Okamoto 2017). The growing urban 378 

population may have an important effect on the regional economy. At the same time, the 379 

urban area in China is faced with severe problems related to urbanization, such as 380 

environmental impact (e.g., Ala-Mantila, Heinonen, and Junnila 2014; Li et al. 2015; Feng 381 

and Hubacek 2016) and the rapid construction of urban infrastructure (Okamoto 2019b). 382 

Therefore, a good understanding of the inter-relationship between demographic and 383 

economic change is vitally important for the formulation of strategic urban planning. Hence, 384 

examining the impact of Chinese urbanization, specifically, the inter-relational process 385 

between the economy and migration (e.g., how economic activity impacts migrants in cities 386 

and vice versa), is an appropriate example to clarify our model, which regards migration as a 387 

main feature of demographic change. 388 

 

6 The term “urbanization” in the Chinese context includes a wider range of concentration of 

people in cities and towns from rural areas. Thus, for precision, urbanization and townization 

are appropriate for a discussion on urbanization in China. 
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The data (labor accounts and input–output tables), are from the China Statistical 389 

Yearbook published by China’s National Bureau of Statistics (NBS). The NBS has compiled 390 

the China input–output tables by survey-based data every 5 years since 1987 and has updated 391 

the tables every 5 years from 1990. This empirical study uses the 2002, 2007, and 2012 392 

input–output tables, which are survey-based benchmark tables, and the 2005, 2010, and 2015 393 

tables, which are updated from the nearest benchmark tables. They are all compiled and 394 

released by the NBS. 395 

To clarify the function of the model, we proceed with the following three steps of 396 

analysis. First, we obtain an overall picture of the model by calculating the whole multiplier 397 

based on the latest data, which are the 2015 input–output table for China and the labor 398 

account for the same year, 2015. Second, we ascertain the model accuracy by predicting the 399 

total output and total labor in both urban and rural areas. At the same time, we discuss the 400 

friction of spatial labor movement from the countryside to cities. Third, we attempt to 401 

determine the inter-relationship between economic and demographic change. We investigate 402 

how the result would change in the case of both (1) changes in labor data with the fixed 403 

input–output data and (2) changes in input–output data with fixed labor data. The former 404 

shows to what extent labor migration affects the multipliers, and the latter offers insights into 405 

the impacts of economic structure on the model. 406 

 When it comes to model size, we highly aggregate the number of sectors into three 407 
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sectors. The reason for doing so is that we mainly emphasize not labor movement between 408 

sectors but the impact of migration as a representative feature of demographic change on the 409 

whole economy and, in turn, the impact of economic development on urbanization. We 410 

consider that this could best be achieved by an aggregated model of economic sectors in 411 

which the pattern of relationships between economic variables and demographic variables is 412 

made explicit. It is easy to grasp the demographic impact if economic variables (sectoral 413 

variables here) are reduced. 414 

 415 

3.2 Multipliers of the Model 416 

 417 

First, we investigate the result of the model implementation by using the 2015 China 418 

input–output table7 and labor account for 2015. To calculate the multiplier, the spatial 419 

friction coefficient needs to be estimated. The coefficient is set to 1 here, meaning that jobs 420 

created in cities can be obtained immediately by people from the countryside. This is 421 

discussed in detail in the following subsection.  422 

Table 4 shows the outcome calculated from the model for urbanization. Each part of the 423 

 

7 The data are provided as a format of the so-called import-competitive type. Each 

transaction includes imported goods and services. We plan to undertake this elimination work 

in future research. 



 

25 

 

table corresponds to the inverse matrix shown in Table 3.  424 

Table 4 Results of the model execution for 2015 425 

 426 

Note: A unit of household consumption is in yuan and employment is measured in people. 427 

 428 

First, we consider the subpart of Table 4 (the upper-left), the matrix of industry by 429 

industry. Since the households are incorporated into the model, each cell of the multiplier is 430 

larger than the output multiplier of the conventional Leontief inverse, and the total of the 431 

column, which is seen as the total backward linkage effect indicating 2.560 for the primary 432 

sector, 4.255 for the secondary sector, and 3.307 for the tertiary sector. This implies the extent 433 

to which industrial outputs are produced in order to satisfy an additional unit increase of final 434 

demand in each industry, in the same way that the conventional model does. 435 

Next, the upper-right part of Table 4 shows the output generated by the increase in 436 

per capita consumption induced by a unit increase in demographic change. The increase in 437 

economically active population induces the total output of the industries to meet their 438 

increased consumption due to the changes in the composition of urban and rural workers. The 439 

total induced outputs, which are the sum of the column, are 128,180 yuan for the urban 440 

employment multiplier, which attracts people to employment in cities, and 57,871 yuan for 441 
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the probability that a unit increase of population is allocated to urban or rural areas.  442 

Third, we find the employment induced by final demand in the lower-left of Table 4. 443 

In this model, it is assumed that employment is induced only in urban areas by the final 444 

demand of sectors and that this employment is obtained by job seekers who migrate from 445 

rural areas without any obstacles for movement, since the spatial friction coefficient is set to 446 

one. The number of employees in urban areas increases by 3.18 people in the primary sector, 447 

6.87 people in the secondary sector, and 8.94 people in the tertiary sector. In addition, the 448 

rural areas reflect a decrease in the same number of people. Thus, approximately 19 people 449 

migrate from villages to cities with a unit increase in final demand. 450 

Finally, the lower-right of Table 4 illustrates the information about demographic change, 451 

in particular, the process of urbanization in China, which is defined here as the urbanization 452 

multiplier. The urban employment multiplier is 1.280, whereas the same negative figure can 453 

be shown as the rural employment multiplier. In the right column, this indicates the likelihood 454 

of spatial labor allocation, showing that the probability of taking a job in urban areas is 0.119 455 

(11.9%), and the probability of remaining in rural areas is 0.881 (88.1%). 456 

 457 

3.3 Predictions of the Model 458 

 459 

The model reliability depends on the accuracy of its forecast using the model 460 
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compared with the real data. The multiplier obtained in the previous subsection can be used 461 

to predict the total output, and the number of urban and rural workers in a particular year 462 

based on the assumption that the multiplier is unchanged when the appropriate final demand 463 

and total labor supply are given in the model, as shown in equation (14). If we obtain a better 464 

estimation for the number of urban employed, which is an important aspect of the 465 

urbanization process, the performance of the model can be regarded as reliable.  466 

Table 5 illustrates the predicted urban employment in 2014 and 2016 when the final 467 

demand8 and actual data of total labor supply in the corresponding year are inputted in the 468 

model. 469 

Table 5 Predicted urban employment (million people) 470 

 471 

Source: Author’s calculation. 472 

 473 

 The predicted urban employment in 2016 is slightly overestimated, and that in 2014 474 

is modestly underestimated. This is partly because, in the model, it is assumed that job 475 

vacancies in cities are filled instantly by people in villages without considering migration 476 

obstacles. The discrepancy between the prediction and actual data is approximately 2.5%, and 477 

 

8 Final demand in both years is estimated by extending the final demand in 2015 using the 

GDP growth rate.  
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this indicates that people in rural areas did not move to cities to obtain jobs owing to various 478 

factors, such as the emotional barriers of leaving their homes and moving costs between 479 

regions. 480 

 As equation (12) shows, these obstacles of movement can be treated as a spatial 481 

friction coefficient in our model, which may be around 0.975 based on this result. Thus, if we 482 

could obtain this appropriate coefficient, it would ensure model accuracy. Even though we 483 

cannot obtain the coefficient, which is assumed to be 1, our model is still relevant for the 484 

analysis of urbanization, because there is only a small discrepancy. 485 

In this study, our main purpose is to clarify how the model works. Hence, we 486 

proceed with the following analysis by making the spatial friction coefficient equal to 1, 487 

because this estimation strongly depends on empirical analysis, which is far beyond our 488 

current topic. 489 

 490 

3.4 Changes in Spatial Labor Account 491 

 492 

The labor account for the period 2000–2018 is used to analyze the urbanization 493 

process from the viewpoint of population movement from urban areas to rural areas. As 494 

Figures 1, 2, and 3 show, there was a tendency for laborers to migrate from rural areas to 495 

urban areas, along with a slight increase in total labor supply in China from 2008 to 2017. 496 

[Insert Figures 1, 2, and 3 here] 497 
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First, the overall labor accounts are shown in Figure 1.9 Figure 1 shows the labor 498 

force allocation of where employees work (without the unemployed population). Total 499 

population increased by 67 million people over the period, rising from 740 million workers in 500 

2000 to 807 million workers in 2017, and the number of urban workers almost doubled from 501 

232 million in 2000 to 425 million in 2017. On the contrary, there was a gradual decrease in 502 

the number of rural laborers from 489 million in 2000 and 352 million in 2017. The Chinese 503 

government started its new urbanization policy in 2012, after which a turning point is evident 504 

in 2015, when urban workers became the main labor force among the total economically 505 

active population, and there were fewer rural workers than urban workers. It can be 506 

concluded that the development of the Chinese economy since then has been brought about 507 

by the urban labor force. 508 

Figure 2 indicates the number of employees by sector in cities;10 it also describes which 509 

sector has absorbed the population in cities and pushed surplus workers from the countryside. 510 

 

9 Rural migrants are called Nongmingong in China; they work in cities without citizenship. 

However, they are considered as urban workers here. An analysis of rural migrants separately 

remains for future research. 

10 We estimate the number of employees from the number of employed workers in urban 

units. Obviously, the number excludes workers in small private companies so that the sectoral 

employment in urban areas is calculated in accordance with the total amount of labor in urban 

areas, and the others are considered as workers in rural areas. 
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It clearly reveals that the tertiary sector plays an important role in employment in urban areas. 511 

The number of people in the tertiary sector doubled from 143 million people in 2000 to 296 512 

million people in 2017, accounting for 70% of total urban workers, whereas the number 513 

remained almost stable in manufacturing, and reduced gradually in the agricultural sector. On 514 

the contrary, the primary sector in the rural areas is the main source of labor supply to urban 515 

industries, as it reduced from 350 million people in 2000 to 203 million people in 2017. 516 

Meanwhile, the secondary sector rose from 84 million people in 2000, peaked at 113 million 517 

in 2012, and then gradually declined to 96 million people in 2017, showing that village or 518 

town enterprises play a dominant role in rural employment. For the primary sector, labor 519 

supply remained almost the same at around 50 million people over the period. In summary, 520 

almost the same number of people worked in the agricultural sector in villages as in the 521 

service sector in cities during these observed 18 years. 522 

 523 

3.5 Effects of Changes in Labor Account 524 

 525 

To deepen our understanding of how the model works, the changes in each element 526 

of the multiplier in the model should be investigated by observing the changes of labor 527 

accounts from 2008 to 2017 with the 2015 input–output table remaining unchanged. In other 528 

words, we can find the impacts on the whole economy and demography rendered only by the 529 

changes in labor allocation between urban and rural areas, assuming that the economic 530 
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structure is stable. 531 

The results are shown in Figures 4 to 7. Figure 4 indicates that with the constant of 532 

the input–output structure, the output multiplier or total sum of it, called backward linkages, 533 

was marginally decreasing even though the secondary sector had the strongest backward 534 

linkage among sectors. The movement of labor from sectors in rural areas to urban areas 535 

might have helped to reduce the backward linkages in the whole country. Reflecting this 536 

change in backward linkages, the output induced by total household consumption was also 537 

decreasing; in particular, the consumption induced by the urban employment multiplier was 538 

decreasing, but the consumption by urban and rural labor allocation probability experienced a 539 

slight rise, as shown in Figure 5. This is partly because per capita consumption of the urban 540 

population was falling as the urban population was increasing.  541 

[Insert Figures 4, 5, 6, and 7 here] 542 

Figures 6 and 7 show the changes in the lower side of the inverse matrix, specifically, 543 

urban employment (or movement to urban sectors) in Figure 6 and the urbanization multiplier 544 

in Figure 7. There was a constant increase in the number of people absorbed in the urban 545 

tertiary sector, while employment in the primary sector remained constant. Nevertheless, the 546 

urban employment multiplier was declining, whereas there was upward movement in the 547 

probability of urban employment. This result may indicate diminishing labor-absorbing 548 

power with the increase of the urban population, reflecting a higher probability of getting a 549 

job in cities as urbanization proceeds. 550 
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The findings are summarized as follows. 551 

Under the condition that the input–output structure is the same as the population concentrates 552 

in cities, 553 

(1) the output multiplier and total production are decreasing; and 554 

(2) the employment multiplier in urban areas is also declining, although the probability of 555 

getting a job is increasing. 556 

 557 

3.6 Effects of Changes in Economic Structure 558 

 559 

In contrast to the previous subsection, this subsection offers an insight into our 560 

model with a fixed labor account, and the input–output table varying for each year. It reveals 561 

how the economic structure affects the changes in the parameter of our model.  562 

 First, Figure 8 shows the conventional Leontief or output multipliers from the input–563 

output data of 2002 to 2015, at six consecutive points of time. There is an increasing trend in 564 

the average of backward linkages by sector, except in 2012, and the manufacturing sector has 565 

the biggest multiplier throughout the observed period. The multiplier of the service sector 566 

rose from 2002 to 2005, but it decreased to under 2.0 and remained almost unchanged. By 567 

and large, the intermediate transaction between sectors became denser and closer to each 568 

other, which is a common trend observed when countries are in a rapid development stage 569 

(Shishido et al. 2000). 570 
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[Insert Figure 8 here] 571 

 Keeping this fundamental change in input–output multiplier in mind, we move on to 572 

analyze the inverse matrix of our extended input–output model for urbanization. We show the 573 

calculation results under the assumption that the input–output table is changing, but the labor 574 

account is fixed in 2015 so that we can observe the effects of the changes in the economic 575 

structure. 576 

Figures 9 and 10 indicate the output multiplier, including demographic change, and 577 

the induced output by the consumption of urban and rural households. The multipliers of the 578 

primary and secondary sectors rose from 2002 to 2010, dropped slightly in 2012, then 579 

increased to the highest level in 2015. The tertiary sector shows a similar trend; it remained at 580 

almost the same level from 2010 to 2015 after rising from 2002 to 2010. For the output 581 

induced by consumption brought about by a unit increase in labor supply, the total output 582 

generated by spatial labor allocation dramatically increased from 26,474 yuan in 2003 to 583 

186,051 yuan in 2015, and this increase was mostly from the change of the employment 584 

multiplier in urban areas. As the labor account was unchanged, the per capita consumption in 585 

both urban and rural areas increased, since the consumption figures in each input–output table 586 

increased significantly through economic development during the period. 587 

[Insert Figures 9 and 10 here] 588 

 With rural workers, urban workers, and the total labor supply fixed in 2015, job 589 

opportunities in urban areas were on the decrease, as shown in Figure 11. That seems to be 590 
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counter to our intuition. However, the employment coefficient is obtained from the number of 591 

employed divided by total input in monetary units, and this was decreasing in the earlier 592 

period, resulting in the relatively smaller employment figures in the later period. As a result, 593 

fewer and fewer people were hired in each sector in cities. 594 

[Insert Figure 11 here] 595 

 Figure 12 illustrates the process of urbanization in China. It shows the urban 596 

employment multiplier and allocation of labor source to both urban and rural areas. There 597 

was a steady rise in the urban employment multiplier except for 2012. The output multiplier 598 

seems to have a significant influence on the urban employment multiplier, and this is quite 599 

understandable, simply because economic activities provide cities with employment 600 

opportunities.  601 

[Insert Figure 12 here] 602 

 On the contrary, the probability of urban labor allocation decreased from 2002 to 603 

2010; thereafter, this trend reversed and increased until 2015. 604 

We can summarize the findings as follows. 605 

Under the condition that the labor account is unchanged, as the economy is developing, 606 

(1) the output multiplier and total production are increasing; and 607 

(2) there is an increasing trend for the employment multiplier in urban areas, although the 608 

probability of urban employment seems to be decreasing but unpredictable. 609 
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 610 

  611 
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4．Conclusion 612 

 613 

Significant contributions on demographic–economic modeling were made by Batey and 614 

his co-researchers mainly in the 1980s (Batey and Rose 1990). In this study, we explored an 615 

extension of the Batey–Madden model by incorporating the “urbanization process,” which is 616 

associated with one of the facets of demographic change: labor migration from rural to urban 617 

areas in the input–output framework. Thus, the study also thoroughly analyzed the model 618 

structure, reinterpreted the inter-relationship between demographic–demographic changes, 619 

and as a result, proposed a new urbanization multiplier, which implies there is powerful 620 

population concentration in cities from the perspective of an employment multiplier in urban 621 

areas and labor allocation possibilities between both areas. 622 

Our important findings are summarized as follows. 623 

(1) The Batey–Madden model has strong potential for use in the analysis of other 624 

demographic change, such as urbanization, considering the spatial friction of labor movement 625 

between rural and urban areas. 626 

(2) The urbanization multiplier, which is the inter-relationship of demographic change, 627 

shows a decrease of the employment multiplier and an increase of employment possibilities 628 

in cities as people move into urban areas under the condition that economic structure is 629 

unchanged. This can be interpreted as follows. Even though the labor demand in cities 630 
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declines as an increasing number of rural workers move into cities, the newly increased 631 

population would be more likely to choose to work in cities. Therefore, as long as the 632 

economic structure remains the same, migration itself stimulates other migration from rural 633 

areas to urban areas. 634 

(3) As the economic structure changes, or as the Leontief multiplier increases over time, 635 

there is a constant rise in urban areas’ employment multiplier, leading to the basic decreasing 636 

trend in the probability of urban employment, but this is not necessarily always true. Hence, 637 

on the assumption that the labor account is unchanged, the economic structure is certainly a 638 

crucial factor in the change of the urbanization multiplier, which implies the urbanization 639 

process.  640 

The framework of our extended input–output model for urbanization provides a useful 641 

basis for studying the relationship between urbanization and economic change. An important 642 

aspect of this change is the increase or decrease in the number of urban workers and rural 643 

workers, together with national labor supply. In fact, the model has been employed for 644 

analysis of the urbanization process of China preliminarily by using Chinese labor account 645 

data and input–output tables. The findings provide an insightful and new perspective of 646 

urbanization; in particular, economic structure determines the urbanization multiplier, 647 

indicating how many employment opportunities in urban area are created, and indicates the 648 

size of the population attracted from rural areas. 649 
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It is worth mentioning the limitations and challenges of the model, which can be 650 

addressed in future research. First, ours is a single-region model, not an inter-regional model 651 

between urban and rural areas. The technical coefficient in urban areas was implicitly 652 

assumed to be the same as that of the whole country, because the national input–output table 653 

was used in this model. In reality, the economic structures in urban areas are different from 654 

the national economic structure or rural areas’ structures. The structure of urban economies is 655 

also likely to change fairly substantially as a result of in-migration. For example, urban areas 656 

are more industrialized, the manufacturing sector is more agglomerated, and there is 657 

production of a wider variety of goods and services than in rural areas, resulting in a different 658 

production structure in the economy. 659 

Second, in this model, it is strongly assumed that farmers move instantly to cities if there 660 

are employment opportunities in urban areas, even though labor migration is widely 661 

considered as an adjustment process from both the demand side of job creation in cities and 662 

the supply side of people’s living conditions in villages. Thus, the model is regarded as a 663 

so-called “demand pull-type” model. To overcome this problem, this study attempted to 664 

modify the model to reflect this reality as much as possible; we introduced the spatial friction 665 

coefficient, which fits the spatial adjustment process in the labor market. As discussed in 666 

Subsection 3.2, estimating this coefficient is left for future study. 667 

Despite these limitations, this model has strong potential for further revelations 668 
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concerning urbanization and hence, is suitable for more in-depth analysis. In this study, a 669 

simple model was used for a better understanding of the demographic parts of the model. To 670 

shed new light on the process of Chinese urbanization, the number of sectors needs to be 671 

expanded and variables are required to elaborate the model by reflecting the current situation 672 

in China (e.g., the existence of rural migrant workers in cities who are not treated as 673 

inhabitants of those cities) as well as by accumulating empirical research on wider aspects. 674 

There remains plenty of room for improvement of this model to clarify the urbanization 675 

process in China. 676 

 677 
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Figure 1 Economically active population in rural and urban areas 772 

Source: China Statistical Yearbook 773 
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Figure 2 Number of employed in urban areas 777 
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Figure 3 Number of employed in rural areas 781 

Source: Estimated from the China Statistical Yearbook 782 

 783 

 784 

 785 

Figure 4 Output multiplier (backward linkage) 786 

 787 

 788 



 

48 

 

 789 

Figure 5 Output induced by consumption 790 
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Figure 6 Induced urban employment 794 
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Figure 7 Urbanization multiplier  798 
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Figure 8 Conventional Leontief multiplier 802 
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Figure 9 Output multiplier (backward linkage) 806 
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Figure 10 Output induced by consumption 810 
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Figure 11 Induced urban employment 814 
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Figure 12 Urbanization multiplier (urban and rural labor allocation multiplier) 818 
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