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Objective

To fill in missing GDP data at city level in China, and explore how spatial relation impact 
economic convergence from 2012 to 2019

Methods

Absolute beta convergence, spatial dependence model, spatial heterogeneity model

Data

GDP and nightlight data from 2012-2019, 344 units at city level
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Finding

1. Nightlighting data can be a proxy for GDP per capita in China. It will solve 
missing value issue at city level.

2. There is absolute beta convergence in China from 2012 to 2019. Spatial 
effect accelerates convergence during this period. 

3. Local convergence speed is heterogenous, with higher convergence speed in 
west and central China, lower convergence speed in north and southeast. 
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Research Steps

1. Construct a new and completed dataset by using nightlight data(NTL data) 

2. Compare and see how spatial effects influence economic convergence

3. Explore spatial heterogenality in economic convergence process
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Step 1. Why we need a new dataset?

Fewer research is using city level 
data, this is because there are too 
many missing values at city 
level(over 25%).

Fig.1 Regional GDP per capita in China in 2019(from 
statistical yearbook) 5

Missing value (86)



Fig.2 Scatter plot of light p.c. and GDP p.c. in 2012 and 2019
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Step 1. Why I use nightlight(NTL) data?



Table 2. Estimation of city GDP p.c. in 2019

i:city, j: province
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Step 1. Include provincial data for a better estimination

*This equation refers to Lessmann and Seidel(2017)



Fig.3 Compare of estimated GDP p.c. in 2012 and 2019
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Step 1. Build a completed dataset



Step 2. Convergence analysis
Beta convergence: poorer economies' 
per capita incomes will grow faster than 
rich ones.

Fig.5 Scatter plot of growth rate and GDP p.c. of 2012(initial year)

Simplified beta convergence model

Y: Average annual growth rate
X: GDP p.c. of initial year(in log form)
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https://en.wikipedia.org/wiki/Economic_system
https://en.wikipedia.org/wiki/Per_capita_income
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Conditional beta convergence

control variables

Y: Average annual growth rate
X: GDP p.c. of initial year(in log form)

i: city, j: control variables

Control variables: 
SK: physicial capital
SH: human capital
GOV: government expenditure
FDI: foreign inverstment
INDUSTRY: percentage of 2nd industry

Step 2. Convergence analysis with control variables

Table 2. Beta convergence results with control variables



Step 2. Spatial convergence analysis

Non-spatial convergence model

Spatial lag model(SAR)

Spatial error model(SEM)

Table 3. Spatial dependence model results
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Spatial effects accelerate 
convergence process！



There are two important features about China’s regional economic convergence. 

First is a time feature that China has experienced “Narrow-Expand-Narrow” period from the 1990s (Pan, 
2010). 

Second is the regional feature that there is homogeneity within regions and heterogeneity between 
regions (Zhu and Yu, 2014). It means there is convergence in either east, middle or west part of China, 
but the gap between different parts of China is enlarging.

Even though I have found absolute beta convergence, there may still be some difference across regions, 
since they have different initial status and economic environment. This part is to explore the regional 
heterogeneity in beta convergence.
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Step 3. Measuring spatial heterogeneity in convergence



     Geographically weighted regression(GWR model)

Fig.6 Illustration of local regression

In another word, GWR model is doing 344 local regression 
for each city in China.

In Fig.6, b is bandwidth, it decides the scale of doing local 
regression(the number of points including in local regression)

In my model, bandwidth is 46, it implies high heterogeneity.
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Step 3. Measuring spatial heterogeneity in convergence



Step 3. Mapping local convergence coefficient
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Fig.7 Local convergence coefficient Fig.8 Local convergence significance level



Step 3. Local convergence half-life time

Half-life time represents the time that it 
would take for an economy to reduce by 
50% the income gap between its initial 
state and its longrun equilibrium.

A higher convergence speed means this 
economy requires a shorter half-life time.

Fig.9 Local convergence half-life time
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Concluding remarks

1. After filling the missing value, we have a clear overview of China’s regional 

development. In China, Northwest, Southeast and Inner Mongolia Province are 

more developed areas.

2. China has absolute beta convergence, physicial capital, government expenditure 
and FDI promote convergence process. Spatial error model is more approriate in 

spatial beta convergence. Spatial effect accelarates convergence speed.

3. There is heterogenity in China’s regional convergence process. Convergence speed 

is faster in west, southwest and northeast provicnes, lower in coastal 

provinces(southeast).
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Thank you!
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