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Abstract 
The aim of this paper is to document the role of spatial effects in the relationship between urban 
trends and economic development in China, between 1984 and 2004. During this period the Chi-
nese urban system experienced dramatic changes, with significant rural-urban, intra-provincial 
and interprovincial migration, mainly after the 1993 reforms that eased the former Hukou rule 
and abolished the prevailing cross-region labor mobility restrictions. This study draws upon re-
cent econometrical tools based on spatial panel data models, developed in order to deliver evi-
dence for a linear relationship between urbanization rates and GDP per capita and an inverted-U 
relationship between urban primacy and GDP per capita in the Chinese provinces.  
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1. Introduction 
Following work from Williamson (1965), Rosen and Resnick (1980) argue that developing regions feature tran-
sitional urban dynamics: urban concentration characterises the first stages of economic development under ag-
glomeration scale economies and rural-urban migration; demographical dispersion appears within more devel-
oped countries, because of the geographical diffusion of market effects and lower transport costs due to mass 
transport technologies. Wheaton and Shishido (1981) assume an inverted-U curve relationship between urbani-
sation and the non-agriculture gross domestic product. According to MacKellar and Vining (1995), most coun-
tries feature a 5000$ per capita income trade-off point, above which urbanisation trends change. Junius (1999) 
explored the hypothesis of an inverted U curve between economic development and urban primacy. Catin et al. 
(2008) examine a three stages’ development model with regards to urbanisation dynamics: the first stage fea-
tures a pre-industrial economy, with low GDP/capita and weak urbanisation; the second stage corresponds to 
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industrial take-off, economic polarisation and urban concentration; finally during the third stage, high-tech pro-
duction leads to diffuse demographical growth.  

Using 1950-2050 data, the UN World Urban Prospects (2009) indicate an apparent relationship between the 
level of economic development and the percentage of urban population. However, this relationship is complex: 
wealthy regions may have lower urbanization levels, while less developed regions may be associated with higher 
urbanization rates. Moomaw and Alwosabi (2004) argue that when per capita income level is lower than 1600$, 
the relationship between the two aggregates is rather loose. It becomes significant above this threshold but be-
low 25,000$. Ades and Gleser (1995) introduce institutional factors to explain urbanization patterns, with public 
transport equipment being among the most important variables. In their comparative study of 85 countries, Da-
vis and Henderson (2003) deliver evidence for the role of a country’s political regime on urban primacy.  

These studies deliver additional information on the relationship between economic development and urbani-
zation but forget its geographical dimension. Wealthy regions or countries with high urbanization rates are often 
neighbors. Similarly, neighboring poor countries feature same urbanization patterns, with lower urban popula-
tion but higher primacy rates. The aim of this paper is to document spatial auto-correlation in the relationship 
between urban trends and the GDP/capita level in the Chinese provinces, between 1984 and 2004. During this 
period, China experienced dramatic changes, with significant rural-urban, intra-provincial and interprovincial 
migration, mainly after the 1993 reforms that eased the former Hukou rule and abolished the prevailing cross- 
region labor mobility restrictions. This study draws upon recent econometrical tools on spatial panel data models 
(Debarsy & Ertur, 2010). 

Section 2 focuses on methodological issues. Section 3 delivers the results for the a-spatial models applied on 
China’s provinces’ economic development and urbanization trends. Section 4 introduces spatial effects. The last 
section concludes. 

2. Methodology 
Following Catin et al. (2008), we use 2 equations: the first one determines each province’s urbanization rate 
(URB), the second one its primacy rate (PRIM), defined as the part of the largest city among all the province’s 
cities.  

Three sets of explanatory variables are used: the first ones determine the level of economic development; the 
second ones measure the trade openness ratio, reflecting each province’s access to international markets; the 
third ones concern intra-provinces transport conditions.  

Gross Domestic Product (GDPC) per capita features the level of economic development. In order to test the 
existence of a non-linear relationship between urbanization and the GDP/capita, we also consider a quadratic 
term for the latter. Changes in GDP/capita may be due to productive accumulation or to global productivity 
gains without taking into account cross-industry effects in capital accumulation and employment. Non-agricul- 
tural employment (NAGRI) captures rural-urban migration related to productive accumulation and agriculture- 
industry transition.  

A second set of variables concerns trade openness. The export rate (EXP) captures the ability of the Chinese 
provinces to interact with international markets. A third set of variables concerns transport equipment within 
each province. Following Krugman and Livas (1996), we use the railway network density, (TRD) that is the 
length of the provincial railway network compared to the province’s land area. 

Spatial auto-correlation is tested to detect cross-sectional dependence in urbanization and urban primacy re-
lated to distance. A battery of tests allows us to discriminate the different spatial models: the spatial autoregres-
sive model (SAR) captures possible spatial interaction among the Chinese provinces’ urban trends, the spatial 
error model (SEM) with a spatial autoregressive parameter of the error term and finally the SARAR model 
which contains both types of spatial auto-correlation. We present the most robust results, delivered with two 
different matrices: an inverse distance matrix with ijd  the distance between the capitals of two provinces i and j; 
a contiguity matrix, where two provinces with a common frontier are considered as neighbors.  

Data is provided by China’s Annual Statistical Yearbooks. The urban population is considered across the 
2000 definition.  

3. Results 
China’s urban population increased from 15.1% of the total population in 1960 up to 23.4% in 1984 and 42.6% 
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in 2004. The annual growth rate of GDP per capita was of 8.5% during the 1978-1984 period, 10.2% from 1984 
to 1994 and 6.6% from 1994 to 2004. The following Figure 1 delivers information on the correlation between 
urbanization rate and GDP per capita level. The correlation is much stronger in 2004 than in 1984. 

Table 1 and Table 2 deliver results for both equations (respectively, the dependent variables are the urbaniza-
tion rate and the primacy rate) over the whole period, then for each sub-period (1984-1993 and 1994-2004).  

Firstly, GDP/capita growth positively impacts urbanization and primacy rates; however there is not a peak- 
effect, as supposed by Rosen and Resnick. Our findings don’t reveal any inverted-U relationship. The non- 
agricultural employment is well correlated with urbanization, but much less with urban primacy. Secondly, the 
railway density is not significant for urbanization. This can be explained by the fact that, once rural workers de-
cide to move to the city, transport conditions don’t seem important. TRD is a more accurate variable, when 
studying urban primacy, since inter-city mobility may affect an urban worker’s locational choices. Thirdly, re-
garding model 1, the export rate becomes significant for urbanization after the 1993 reforms and China’s open-
ing to foreign investments. All the explanatory variables feature stronger impact on urbanization and urban pri-
macy after 1993.  
 

 
Figure 1. Urbanization rate and GDP/capita in China. Database: CSO (2004).  

 
Table 1. Urbanization vs GDP/capita.                                                                         

 1984-2004 1984-1993 1994-2004 

URB    

GDP 0.613** 0.408** 0.785** 

GDP² 0.033* 0.011* 0.041* 

NAGRI 0.643** 0.545** 0.712** 

EXP 0.156** 0.118** 0.216** 

TRD 0.083* 0.086* 0.077** 

 
Table 2. Urban primacy vs GDP/capita.                                                                       

 1984-2004 1984-1993 1994-2004 

PRIM    

GDP 0.531** 0.411** 0.671** 

GDP² 0.008* n.s n.s 

NAGRI 0.411** 0.492** 0.390** 

EXP 0.089* 0.078* 0.196* 

TRD 0.154* 0.151* −0.177* 
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4. Introducing Spatial Dependence  
Next, we introduce spatial auto-correlation tests. Conditional hypothesis statistics LMλ ρ  and LM ρ λ  allow 
distinction between the alternative specifications for spatial auto-correlation. For the first equation, when the 
contiguity matrix is used, the null is rejected with both tests for the whole period as well as for each sub-period, 
which means that the best specification is the SARAR model. When using the inverse distance, the equation for 
urbanization in the Chinese provinces is best described by a SEM model. For the second equation, when using 
the inverse distance matrix, the most adequate model is the SARAR; when using the contiguity matrix, the best 
model is the SAR, which means that when an endogenous spatial lag is included, no residual spatial autocorrela-
tion remains.  

Table 3 delivers estimations for the spatial autoregressive parameters λ  and ρ  and for the regression pa-
rameters, through the maximum likelihood method.  

There is a clear relationship between urbanization and provincial GDP/capita; nevertheless, this relationship 
doesn’t reveal any inverted-U patterns. Neighboring effects seem stronger after the 1993 reforms. In the SEM 
model, spatial interdependence relies on spatial diffusion: an exogenous shock (for example the creation of an 
export process zone) leading to changes in a province’s urbanization affects the neighboring provinces’ urbani-
zation rates but the impact of the shock decreases with distance.  

Table 4 summarizes the results when running the urban primacy regression. 
 
Table 3. Spatial model 1 parameters.                                                                           

 Inverse distance matrix Contiguity matrix 

 1984-2004 1984-1993 1994-2004 1984-2004 1984-1993 1994-2004 

 SEM SEM SEM SARAR SARAR SARAR 

GDP 
GDP² 

NAGRI 
EXP 
TRD 

0.557** 
0.021* 
0.531** 
0.218* 
0.077* 

0.399** 
n.s. 

0.502** 
0.187* 

n.s. 

0.641** 
0.039* 
0.678** 
0.233* 
0.091* 

0.321** 
n.s. 

0.403** 
0.123* 
0.065* 

0.297** 
n.s. 

0.294** 
n.s. 
n.s. 

0.426** 
n.s. 

0.510** 
0.201* 
0.79* 

ρ     0.060 0035 0.073 

    (4.235) (5.345) (6.698) 

λ  0.634 0.579 0.717 0.279 0.268 0.405 

 (14.121) (15.237) (21.654) (9.936) (20.051) (14.431) 

 
Table 4. Spatial model 2 parameters.                                                                         

 Inverse distance matrix Contiguity matrix 

 1984-2004 1984-1993 1994-2004 1984-2004 1984-1993 1994-2004 

 SARAR SARAR SARAR SAR SAR SAR 

GDP 
GDP² 

NAGRI 
EXP 
TRD 

0.311** 
−0.103* 
0.412** 
0.106* 
0.177* 

0.303** 
n.s. 

0.401** 
0.092* 
0.143* 

0.392** 
−0.181* 
0.711** 
0.201* 
−0.211* 

0.321** 
−0.122* 
0.612** 
0.113* 
0.151* 

0.297** 
0.097* 
0.334** 
0.198* 

n.s. 

0.426** 
−0.121* 
0.699** 
0.255* 
−0.123* 

ρ  0.224 0.143 0.345 0.751 0.677 0832 

 (1.013) (2.132) (5.123) (14.352) (20.019) (26.975) 

λ  0.545 0.487 0.702    

 (4.209) (1.317) (1.854)    
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There is a convex relationship between the Chinese provinces’ urban primacy rates and the levels of GDP/ 
capita. The conclusions from the a-spatial model change, mainly after 1993, when the convexity of the relation-
ship clearly strengthens: urban primacy follows an ascending trend until a certain level of economic develop-
ment, then decreases. TRD is negatively correlated with urban primacy after 1993. Better transport conditions 
are necessary for demographical dispersion, once a certain threshold of economic development being achieved.  

The SAR model implies a global spatial multiplier effect in addition to a spatial diffusion effect of random 
shocks. Changes in a province’s urban primacy rates multiply the changes occurring in neighboring provinces.  

5. Conclusions 
The paper examines the determinants of urban trends in China, by introducing spatial dependence effects. Three 
conclusions may be drawn: 

Urbanization is positively correlated with GDP/capita. The introduction of spatial auto-correlation improves 
the model’s prediction but doesn’t fundamentally modify its conclusions: there are no inverted-U patterns.  

Urban primacy is positively correlated with GDP/capita but the conclusions change when we introduce spatial 
effects: the relationship becomes convex. Urban primacy increases with rural-urban migration when GDP/capita 
grows until a certain threshold of economic development; once this threshold achieved, urban primacy decreases. 

Provincial transport equipment is only relevant for urban primacy, when introducing spatial effects. When ru-
ral households move to town, transport issues are not important; however, they become significant when it 
comes to inter-city migration. 
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