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Abstract: Existing quantitative migration studies are mainly at the inter-region or inter-province level for lacking of 
detailed geo-referenced migration data. Meanwhile, few of them integrate explorative spatial data analysis and spatial 
regression model into migration analysis. Based on aggregated registered floating population data from 2005 to 2008, 
the phenomena that population floating to Yiwu City in Zhejiang Province is analyzed at the provincial and county 
levels. The spatial layout of Yiwu′s pull forces is proved as a V-shaped pattern excluding Sichuan Province based on 
map visualization method. Using the migration ratio in 2007 as an explanatory variable, two models are compared us-
ing ordinary least square, spatial error model and spatial lag model methods for county-level data in Jiangxi and Anhui 
provinces. The model with migration stock provides an improved fitting over the model without migration stock ac-
cording to the model fitting results. The floating population flocking into Yiwu City from Jiangxi is determined mostly 
by migration stock while the determinant factors are migration stock and distance to Yiwu City for Anhui. The dis-
tance-decay effect is true for migration flow from Anhui to Yiwu City while the distance rule is not confirmed in Ji-
angxi with the best fitting model. The correlation between per capita net income of rural labor forces and migration ra-
tio is not significant in Jiangxi and significant but at the 0.1 level only in Anhui. Further analysis shows that the dis-
tance, income and man-land ratio are important factors to explain population floating at earlier stage. However, as the 
dynamic population floating process evolves, the determinant factor would be migration stock. 
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1  Introduction 
 
Due to the rapid growth of market economy, China is 
witnessing great population movements which have 
never been seen in recent years. Currently, there is more 
than 2.0 × 108 floating population such as migrant 
workers all over the country according to National 
Population and Family Planning Commission of China 
at the end of 2008. In order to understand and evaluate 
the relevant challenges, it is necessary to analyze the 
origin and destination of population migration/floating 
in China and develop migration models for understand-

ing migration determinants. 
Ravenstain (1885) discussed the reasons and rules of 

migration for the first time, and was credited with the 
origination of distance decay theories of migration. 
Bogue (1969) proposed the ′push and pull theory′ which 
indicated that people move and migrate to other places 
only when their living conditions can be improved. Lee 
(1966) extended the theory and conceptualized migra-
tion as involving origins, destinations and the links be-
tween them. The migration of population is motivated 
by the push forces from the origin as well as the pull 
forces from the destination. The links imposes a cost on 
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the migration either directly, as in cost of searching for a 
job, or indirectly through affecting the amount of infor-
mation available about a destination at an origin. Many 
literatures on migration modeling were published in re-
cent several decades. Spatial interaction model based on 
gravity theory is the most common type of migration 
models and has been widely used in migration analysis 
(Haynes and Fotheringham, 1984; Fotheringham and 
O′Kelly, 1989). Multinomial logit model to migration 
based on discrete choice theory (Manski, 1977) has been 
applied in micro level (Liaw and Ledent, 1987; Liaw, 
1990). In these models, the determinant factors of 
population migration have been categorized as follows: 
demographic factors, social and cultural factors, eco-
nomic factors, housing factors, spatial and environ-
mental factors (Champion et al., 1998). Todaro (1969) 
and Richard and James (1983) led to a better under-
standing of the factors which determine the individual′s 
decision in developing countries. Differences of income, 
social security, and economic development between ur-
ban and rural areas are recognized as the main driving 
forces of floating and migration of population based on 
the review of literatures on China in recent years (Cai, 
1995; He, 1999; Li, 2003). They outlined the basic sce-
nario of population migration/floating at the provincial 
scale. Few migration modeling and empirical determi-
nants studies are conducted on smaller scale for non- 
availability of data. Based on registered individual 
floating population data from 2005 to 2008, population 
flocking to Yiwu City is analyzed at the provincial level 
within China as well as at the county level in Jiangxi 
and Anhui provinces. 

In the last few decades, studies on a variety of social 
science disciplines have demonstrated the value gained 
by explicitly acknowledging spatial effects on issues 
concerning social processes and relevant explanatory 
statistical models. Spatial statistics and spatial econo-
metrics (Anselin, 1988; 2000) have drawn demographers′ 
attention recently (Chi and Zhu, 2008; Paul et al., 2006). 
Applied demographers and population geographers are 
always interested in the spatial dimension of population, 
especially migration and floating such as the central 
place theory, gravity model, and origin-destination 
model. Few of them integrate spatial dimension into 
migration model for lacking of detailed data or uncon-
sciousness of importance of spatial effect. Considering 
the spatial autocorrelation of variable data, this study 

tested the advantages of spatial error model and spatial 
lag model over ordinary linear regression model. 

In this paper, explorative spatial data analysis and 
map visualization methods were used to extract the ori-
gin distribution patterns at the provincial and county 
levels. Choropleth maps overlaid with multi-ring buffers 
were novel visualization approaches for evaluation of 
distance law of migration. This paper describes the mi-
gration models with/without migration stock and dem-
onstrates their potential by applying them to explain the 
floating population phenomena in Yiwu City. The dy-
namics of population floating to Yiwu City from Anhui 
and Jiangxi were analyzed by comparing the ordinary 
least square, spatial lag model and spatial error model. 
The first empirical analyses of floating population at the 
county level in this paper further improve our under-
standing on the floating population phenomena.  

 
2  Data  
 
2.1  Study area 
The study area includes origins and destinations of 
floating population. In this paper, Yiwu City is chosen as 
the destination place. It is a representative city with 
rapid urbanization process in eastern coastal areas of 
China (Lou and Chen, 2007). Moreover, it is typical as 
an active net-immigration region (Liu et al., 2011). The 
whole China at the provincial level, Anhui and Jiangxi 
provinces at the country level are the origin places.  

Yiwu City is located in the central area of Zhejiang 
Province, China, 132 km away from Hangzhou City, the 
capital of Zhejiang Province (Fig. 1). The area of Yiwu 
is 1100 km2. The population accumulative effect caused 
by floating population is one of the main factors of rapid 
economic development of Yiwu City (Lou and Chen, 
2007). A great number of rural labors from different 
areas are attracted to Yiwu City for expecting higher 
income. The whole city has a population of 7.239 × 105 
registered as household and more than 1.114 × 106 as 
temporary residents at the end of 2007. The average 
growth rate of temporary residents is 18.7%, 18 times 
higher than that of the household register population. 
The economy of Yiwu has developed fast with a growth 
rate higher than 10% each year since 2000. In 2008, the 
whole city realized a domestic gross value of production 
of 4.933 × 1010 yuan (RMB). Yiwu is already the largest 
commodities trading center in the world.  
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Fig. 1  Location of study area 
 

Both Anhui and Jiangxi, located in the southeastern  
China, are chosen as the origins. Anhui is bordered by 
Zhejiang and Jiangsu on the east, Jiangxi on the south, 
Shandong on the north, Henan and Hubei on the west. 
The area of Anhui is over 1.3 × 105 km2, with a total 
population of 6.6 × 107. Anhui Province is composed of 
78 counties and municipal districts under its jurisdiction. 
Jiangxi lies between Zhejiang, Fujian, Guangdong, Hu-
nan, Hubei and Anhui. Jiangxi Province covers an area 
of 1.7 × 105 km2 and has a population of 4.3 × 107, con-
sisting of 91 counties and municipal districts. The pro-
portions of population engaged in agricultural produc-
tion in Anhui and Jiangxi were 78% and 44% in 2007, 
respectively. The per capita net income of farmers was 
4832 yuan and 4098 yuan respectively, only about half 
of the farmer income in Yiwu City.  

 
2.2  Data  
The registered floating population data at the individual 
level from 2005 to 2008 are acquired from Yiwu Mu-
nicipal Public Security Bureau and used with permission. 
Private information of individuals has been removed 
from data records. A floating individual′s record con-
tains birth date, age, gender, education, register date, 
reasons of floating, place name and administrative code 
of temporary residence, and six digits of identification 
number indicating their origin places. Data for 
Hongkong, Macao and Taiwan of China are not avail-
able.  

The spatial data include the administration division 
polygons at the provincial level and the county level 
during the period of fifth census of China in 2000. The 
geographic code is used to link attribute data complies 
with the national standards. But part of identity card 
number indicating origin places is not in common use in 
organizations outside the public security and need fur-
ther processing.  

Other data like total population, gross domestic 
product (GDP), the annual per capita net income of rural 
households, cultivated land resources were obtained 
from the Anhui Statistical Yearbook (Anhui Statistical 
Bureau, 2008) and the Jiangxi Statistical Yearbook (Ji-
angxi Statistical Bureau, 2008).  

 
3  Methods 

 
3.1  Data preprocessing 
The major challenge for data preprocessing is the dif-
ferences of geographic code standards. Geographic 
codes are short alphabetic or numeric codes developed 
to represent provinces, prefectures, counties and subdi-
visions (e.g., townships or villages) for statistical and 
other purposes. There are many internal geographic 
code standards in different organizations like the statis-
tics department and the public security department in 
China because of the historical reasons. The spatial 
polygon data used in this study come from the fifth cen-
sus. The geographic codes are regulated by statistics 
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department and used widely as the standard administra-
tive division code. The floating population data come 
from the public security department. The geographic 
codes are inconsistent in many counties. 

Another challenge is the frequent updates of adminis-
trative division and codes. Some administrative divi-
sions are merged into a new one. For example, the 
Ninggang County and old Jinggangshan City are merged 
into a new Jinggangshan City in Jiangxi Province. 
Meanwhile, some divisions are divided into several 
subdivisions. One example is that the old Ji′an City is 
divided into Jizhou and Qingyuan districts.   

Floating population data preprocessing involves four 
steps to set up the analysis datasets. To begin with, ag-
gregate the individual data with geographic region code 
in identification card number at different levels. The 
aggregation need two, four and six digits of geographic 
region code at the provincial, city, and county levels, 
respectively, that at the county level is most difficult. 
Then, join the aggregated floating population data with 
the administrative division polygon data by county 
name. Furthermore, check the record which does not 
match and match them according to region name, geo-
graphic code and relative records on the adjustment of 
administrative divisions as much as possible. Much of 
unmatched cases are subject to add, delete or change 
administrative division. Finally, if there are still un-
matched regions to any administrative division, distrib-
ute the floating population numbers to each county in 
average in each province. 

ArcGIS software (ESRI) and Microsoft Excel have 
been used to build the datasets. Statistic data from the 
statistical yearbook, floating population data from dif-
ferent counties to Yiwu City are appended to the attrib-
ute tables of the administration division polygon data for 
further analysis.  

 
3.2  Origin distribution analysis 
After acquiring the spatially enabled floating population 
dataset, the explorative spatial data analysis and map 
visualization method have been used for distribution 
pattern analysis of floating population, so far two types 
of analysis have been made, the first is floating popula-
tion from different provinces in China, the other is 
floating population from counties in Jiangxi and Anhui 
provinces into Yiwu City.  

Spatial modeling often begins with explorative spatial 
data analysis (ESDA). Generally speaking, an ESDA is 

composed of visualizing spatial patterns exhibited in the 
data, identifying spatial clusters and spatial outliers, and 
diagnosing possible misspecification of spatial aspects 
of the statistical models, all of which can help better 
specify regression models (Anselin, 1996; Baller et al., 
2001). The core of ESDA techniques are measures of 
spatial autocorrelation, which can be defined as a simi-
larity measure between two values of an attribute that 
are nearby spatially. The most well-known index of spa-
tial autocorrelation is Moran′s I statistic (Moran, 1948).  

The Moran′s I statistic of floating population at the 
provincial level has been calculated by using Geoda 
software (http://geodacenter.asu.edu/software/downloads). 
The Moran′s I statistic of migration ratio at the county 
level has been calculated and compared by using differ-
ent spatial weight matrices for next spatial regression 
modeling in Jiangxi and Anhui provinces. Spatial clus-
ters and spatial outliers have been explored by local in-
dicators of spatial association (LISA) method to indicate 
the presence or absence of significant spatial clusters or 
outliers for each location.  

Choropleth map is a type of map visualization method 
in which areas are colored or shaded to reflect the value 
of the mapped phenomenon or to display classes of val-
ues. Effective classification schema should be chosen to 
represent the distribution of data values and show the 
spatial pattern within the study area. Choropleth map of 
migration ratio and multi-ring buffer from Yiwu City in 
Anhui and Jiangxi have been overlaid to expose the 
floating patterns in these two provinces. 

 
3.3  Spatial regression modeling for determinant 
analysis of population floating  
The determinant analysis tries to reveal what is behind 
the floating phenomena that people from different ori-
gins to Yiwu City. According to Todaro (1969), the mi-
gration model is specified as follows. 

/ ( , , )ij i ij i jM P f D X X=           (1) 

where Mij refers to gross flow of migrants over a given 
period from one area i to another area j; Pi refers to the 
population of origin places at the beginning of the pe-
riod; Mij /Pi refers to migration ratio which most of the 
time is used as the dependent variable in the model. 
There are three types of variables in the process of 
population floating and migration, i.e., 1) so-
cial-economic factors of origin places Xi like the popu-
lation density, amount of cultivated land per person, and 
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education; 2) comparative advantage factors of destina-
tion over origin Xj like average wage ratio, employment 
rate ratio and employment chance ratio; 3) obstacle fac-
tors Dij from origin place i to destination place such as 
Euclidean distance, degree of transportation conven-
ience, clan, geographical relationships, etc.  
3.3.1  Two migration models  
In order to understand the dynamics of floating popula-
tion to Yiwu City, key variables need to be specified in 
the model. Many empirical results implied that the se-
lecting appropriate variables are crucial for migration 
modeling, because variable selection must be based on 
the specific county or areal contexts on the one hand, 
and also dependent upon the data availability on the 
other hand (He, 1999). What′s more, many variables 
may be highly correlated, which is known as multicol-
linearity. For example, the per capita gross domestic 
product is usually correlated significantly with the an-
nual per capita net income. Generally speaking, popula-
tion floating is a complex social-economic phenomenon 
and involves population variables like population den-
sity, rural labor force, education, etc., social variables 
like floating experience, clan, fellow-townsman rela-
tionship, and physical variables like distance, and other 
geographic variables like altitude, slope, land quality, 
soil fertility, cultivation index, etc.  

According to previous study and current conditions, 
several variables like man-land ratio, per capita net in-
come of rural labor forces, distance to Yiwu City, and 
migration stock have been chosen for modeling. The 
main reasons are given as follows. To start with, as there 
are only floating data of one destination from different 
origins in this study, the social-economic ′pull′ factors of 
Yiwu City is the same in the model. They may be re-
flected in the constant term of the function. Next, Sub-
stantial achievements and empirical researches in this 
field of migration of population and labor forces have 
illustrated that levels of economic development is the 
key variable that explains the floating direction and 
volume of labor forces (He, 1999; Yang et al., 1999; 
Wang and Fan, 2009). In the mainstream model on the 
floating of labor forces, the variable of income often is 
adopted. Because most of floating people are rural labor 
forces, the annual per capita net income of rural house-
holds (yuan) is used to reflect the income of different 
origins. In addition, the opportunity cost of labor with-
drawn from agriculture in the origin place depends most 

directly on the quantity and quality of land available per 
agricultural worker. In this study, man-land ratio is de-
fined as cultivated land resources (ha) divided by the 
total population (10 000 persons), which should be re-
placed by rural labor forces but data are missing at the 
year-end. Fourthly, distance to Yiwu City should be 
adequately reflected in the model. It may be also proxy 
for non-economic costs of floating. Fifthly, the clan con-
tacts variables may play an additional role in helping 
migrants directly to find work in destination places. But 
this variable is very hard to be quantified. Migrant stock 
(defined as number of migrants who moved previously 
to a destination) may be used as alternative of clan con-
tacts or other cultural factors. The volume of would-be 
migrants is an increasing function of the stock of previ-
ous origin-to-destination migrants (He, 1999). Other 
previous studies indicate that total annual investment or 
foreign direct investment is important factor of popula-
tion floating (He, 1999; Wang and Fan, 2009), which are 
not included here.  

The above considerations lead to the following two 
migration models with and without migration stock in 
double-log form. 

1 1 1 1ln ln ln lnMR MLR PCNIR DYWα β λ θ= + + +     (2) 

2 2 2 2 2ln ln ln ln lnMR MLR PCNIR DYW MSα β λ ε θ= + + + +  
(3) 

where lnMLR is man-land ratio; lnPCNIR refers to per 
capita net income of rural labor forces; lnDYW repre-
sents distance to Yiwu City in Euclidean space; lnMS 
refers to migration stock in previous year; lnMR refers 
to migration ratio from different places to Yiwu City and 
is used as dependent variable in model.  
3.3.2  Regression analysis 
Standard linear regression and two popular spatial re-
gression models including the spatial error model and 
the spatial lag model (Anselin, 1988; 2000) have been 
used to analyze the determining factors behind the 
floating phenomena that people from different origins to 
Yiwu City. A standard linear regression assumes that the 
error terms are independently, identically, and normally 
distributed. But the independence assumption of the 
errors is often violated due to spatial autocorrelation. 
Spatial linear regression model is a generalization of 
standard linear regression models in which spatial auto-
correlation is allowed and accounted for explicitly by 
spatial models. The two migration models and three re-
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gression methods have been compared in two provinces 
(Jiangxi and Anhui) at the county level.  

Spatial weight matrix is the foundation of all the spa-
tial analysis, e.g., Moran′s I test and spatial regression 
analysis. A spatial weight matrix should be specified 
corresponding to the neighborhood structure so that the 
resulting variance-covariance matrix can be expressed 
as a function of a small number of estimate parameters 
relative to the sample size (Anselin, 2002). There are 
many spatial weight matrices like rook's and queen′s 
contiguity weight matrix of order one or higher, the 
k-nearest neighbor weight matrix, the general distance 
weight matrix, etc. There are no practical guidelines for 
the selection of neighborhood structure except for the 
theoretical analysis in Arthur (2010). Spatial weight ma-
trix with high coefficient of spatial autocorrelation along 
with a high level statistical significance of specified 
variable has been used after calculation and comparison 
as in Chi and Zhu (2008).  

Data-driven approach to model assessment and com-
parison has been used in this study to determine which 
model is the better one accounting for the spatial auto-
correlation. Akaike′s Information Criterion (AIC) and 
Schwartz′s Bayesian Information Criterion (BIC) are 
often used, which measure the fit of the model to the 
data but penalize models that are overly complex. Mod-
els with a smaller AIC or BIC are considered as the bet-
ter ones in the sense of model fitting balanced with 
model parsimony.         

 
4  Results and Analyses 

 
The aggregated individual data have been matched and 
joined with administrative division polygon data by us-
ing the data preprocessing methods described above. 
Floating population size is acquired from Anhui and 
Jiangxi provinces to Yiwu City at the county level.  

 
4.1  Origin distribution patterns at provincial level  
As a strong economic city, the ′pull′ forces of Yiwu City 
result in different effect on different people in different 
places. Jiangxi Province ranks first in all of 31 provin-
cial-level administrative divisions in average from 2005 
to 2008. Followings are Anhui Province, Henan Prov-
ince and Guizhou Province which are smaller than Ji-
angxi Province. Although Yiwu is located in Zhejiang 
Province, the floating population from Zhejiang to Yiwu 

City ranks fifth. Hunan Province is located near to Yiwu 
City, but the floating population is smaller than that 
from Guizhou Province. In Sichuan Province, over 8.0 × 
106 workers are employed outside the province and rank 
the first each year. But when it goes to the floating 
population to Yiwu City, Sichuan Province is only the 
seventh largest province. They are abstracted towards 
other economic center. 

Explorative spatial data analysis and map visualiza-
tion methods have been used to get the distribution pat-
tern map of floating population to Yiwu City (Fig. 2). 
Thus the figure is overlaid by two representative meth-
ods using aggregated temporary registered residence 
data at the provincial level in 2007. One of them is the 
dot density map created by ESRI ArcMap software. The 
other is the box map created by Geoda software.  

Explorative spatial data analysis can be of great help 
in understanding the origin distribution pattern. Box 
map at a hinge level of 3.0 indicates the outliers are Ji-
angxi, Henan, Anhui, Guizhou, Zhejiang provinces. Box 
map at a hinge level of 1.5 indicates more outliers like 
Hunan and Sichuan provinces. The global Moran′s I 
statistic of floating population to Yiwu City from dif-
ferent provinces in 2007 is 0.2379 with p-value smaller 
than 0.01 (spatial weight matrix used here is rook′s con-
tiguity with order 1). This proved the existence of posi-
tive spatial autocorrelation. LISA analysis allows us to 
know which high values of floating population areas are 
surrounded by high values in the neighboring areas, i.e. 
which is called the high-high clusters. There are clearly 
spatial clusters in the floating population distribution 
pattern at the provincial level according to LISA analy-
sis results (Table 1). Provinces classified as high-high 
clusters are Jiangxi, Anhui, Zhejiang, Hunan, and Hubei 
provinces. Conversely, Inner Mongolia and Xinjiang  
 

Table 1  LISA cluster and local Moran′s statistic of  
floating population to Yiwu City 

LISA  
cluster Province Local 

Moran′s I 
Population 

size p-value

Jiangxi 2.064045 232957 0.020 

Anhui 1.964500 136549 0.002 

Zhejiang 1.012428 96500 0.032 

Hunan 0.702096 81178 0.030 

High-high

Hubei 0.312792 45248 0.002 

Low-high Fujian –0.432964 14994 0.022 

Notes: Province whose floating population size smaller than 10 000 
is not listed. Rook′s contiguity with order 1 is used 
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Number in bracket indicates number of provinces in quartile 
 

Fig. 2  Distribution pattern map of floating population to Yiwu City 
 

regions are classified as low-low clusters. This demon- 
strates that population floating, as a complex social- 
economic phenomenon, is not a stochastic process. Two 
provinces in low-high class are Fujian and Hainan. 
There is no any province in high-low class. Others are 
not significant statistically. The box plot at a hinge level 
of 3.0 of local Moran′s I statistic indicates the Jiangxi 
and Anhui provinces are outliers in high-high spatial 
clusters.  

The spatial variation of origin distribution of floating 
population is illustrated clearly on the dot density map 
in Fig. 2. Dot density maps show floating population 
density graphically rather than showing density value. 
Each dot represents 700 floating people to Yiwu City. 
Compared to the other provinces, the dots of the above 
outliers are much closer. The most densely-populated 
areas are Anhui and Zhejiang provinces. 

The most significant characteristic is the two axes or 
pathways on Fig. 2. One axis extends from Henan to 
Yiwu City via Anhui and Zhejiang. Another axis winds 
its way from Sichuan to Yiwu City via Guizhou, Hunan, 
Jiangxi, and Zhejiang. These two axes connect the 
above detected seven outliers and contribute more than 

80% of floating populations to Yiwu City. The sum of 
seven upper outliers in all the 31 provinces (autonomous 
regions, municipalities) achieves 83%. The distribution 
follows the 80/20 principle or the Pareto Principle: 
about 80% floating population to Yiwu City come from 
the 20% of the provinces, while about 20% (17.05%) 
floating population come from other 80% provinces. 
The overall spatial layout seems a sideling U-shape. 
Taking into account the specificity of the Sichuan Prov-
ince with the biggest population and the biggest floating 
population in China, the spatial layout of Yiwu′s pull is 
a V-shaped pattern excluding Sichuan Province.  

 
4.2  Origin distribution patterns at county level 
In order to better understand the phenomenon of popu-
lation floating to Yiwu City from different origins at the 
county level, Anhui and Jiangxi provinces are further 
analyzed for several reasons. To begin with, they are the 
top two provinces of floating population to Yiwu City. 
The ratio of floating population from these two prov-
inces is up to 35.7% in average from 2005 to 2008. Fur-
thermore, they are outliers by using local Moran′s I sta-
tistics in high-high spatial clusters. Finally and most 
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intuitively, they are adjacent provinces to Zhejiang 
which Yiwu City belongs to. 
4.2.1  Explorative spatial data analysis results of 
floating population  
Box maps of floating population of two provinces in 
2007 are plotted to show the spatial distribution of out-
liers (Fig. 3). Box map at a hinge level of 3.0 indicates 
the outliers in Anhui are Dingyuan and Mengcheng 
counties. Box map at a hinge level of 1.5 indicates more 
outliers like Funan, Bozhou, Linquan, and Guzhen 
counties. Box map at a hinge level of 3.0 indicates the 

outliers in Jiangxi are Geyang, Guixi, Shangrao, Leping, 
Qianshan, Dexing and Yushan counties. Box map at a 
hinge level of 1.5 indicates more five outliers. There are 
five counties in Jiangxi Province while there are only 
one county with floating population to Yiwu City larger 
than 10 000. In the detected outliers at a hinge level of 
1.5, there are two impoverished counties in Anhui while 
three in Jiangxi. The floating population size of outliers 
is larger in Jiangxi than that in Anhui. Moreover, the 
outliers are more spatially-concentrated in Jiangxi than 
that in Anhui.   

 

 
Number in brackets indicates number of counties in quartile 

 
Fig. 3  Box map of floating population to Yiwu City in Anhui (a) and Jiangxi (b) provinces 

 
The Moran scatters plot as well as the LISA analyses 

have been done in Anhui and Jiangxi (Fig. 4). The 
global Moran′s I statistic of floating population to Yiwu 
City from different counties in Anhui is smaller than that 
in Jiangxi in 2007. The spatial weight matrixes used 
here are chosen according to Table 2. This means that 
there exists positive spatial autocorrelation and the spa-
tial autocorrelation is stronger in Jiangxi than in Anhui. 
There are clear spatial clusters in the floating population 
distribution pattern at the county level according to 
LISA analysis. Polarization phenomenon is obvious 
both in Anhui and Jiangxi. There are many counties in 
high-high cluster and low-low cluster while there are 
few counties in low-high cluster and high-low cluster 
except counties are not significant. Woyang County with 
5080 floating people in Anhui is categorized as 
high-high cluster and significant with p-value smaller 
than 0.01. Notably, the local Moran′s I statistics of three 

counties Hengfeng, Qianshan, and Geyang with more 
than 6000 floating people to Yiwu City in Jiangxi are 
3.79, 6.16, 13.2, respectively. Geyang County can be 
seen as a kernel with largest floating population size in 
the southeast part of Jiangxi. 
4.2.2  Migration ratio analysis using Choropleth map 
with multi-ring buffer 
Map visualization methods give another perspective on 
floating population to Yiwu City. Migration ratio used 
here is defined as size of floating population per 10 000 
persons. The migration ratio of Jiangxi and Anhui prov-
inces is 45.1 and 20.5 respectively in 2007. The highest 
migration ratio (803) in Geyang is more than one thou-
sand times the lowest one (0.77) in Xunwu in Jiangxi 
Province. The range of migration ratio in Jiangxi is two 
times larger than the range in Anhui. The rate of maxi-
mum and minimum migration ratio in Jiangxi is about 
three times the rate in Anhui. This shows the degree of  
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unevenness of migration ratio in Jiangxi is larger. There 
are 11 counties where migration ratio is greater than 100 
in Jiangxi Province while there are only two counties in 
Anhui Province. The Dingyuan County, rated number 
one in Anhui, is the eighth highest one if it belongs to 
Jiangxi Province. 

Choropleth maps have been created to show the dif-
ferences of migration ratio in the two provinces (Fig. 5). 
A multi-ring buffer around Yiwu City has been created 
using the multi-ring buffer tool in ArcToolbox and 
overlaid on the choropleth maps. Each ring is 50 km 
width. As the distance to Yiwu City increase, the migra-

tion ratio is supposed to decline according to the dis-
tance rule of migration. There are two counties whose 
migration ratio is larger than 100 in Anhui. One is Xi-
uning County, close to Jiangxi and Yiwu. The other is 
Dingyuan County, located far away from Yiwu City. 
Both of these two counties in Anhui start the declining 
pattern of migration ratio as the distance increases in the 
southwest and northwest parts, away from Yiwu City. 
The distance effect is not true in other areas. However, 
the result in Jiangxi is the same to above expectation. 
The migration ratio in Jiangxi Province declines as the 
distance to Yiwu City increases roughly. 

 

 
 

Fig. 4  LISA analysis on floating population to Yiwu City in Anhui (a) and Jiangxi (b) provinces 
 

    
 

Interval of multi-ring buffer is 50 km 
 

Fig. 5  Choropleth map of migration ratio in Anhui (a) and Jiangxi (b) provinces 
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4.3  Determinant analysis 
The choice of spatial weight matrix is very important 
and the one with largest Moran′s I statistic is selected. 
Spatial autocorrelation of migration ratio (logarithm 
version) of floating population from different counties 
of these two provinces can be expressed by global 
Moran′s I statistic. After repeatedly calculating using 
queen, rook, general distance, and nearest neighbor 
methods and different parameters, the 3-nearest neighbor 
weight matrix is selected for high coefficient (Moran′s I 
= 0.67; p-value < 0.01) for analysis in Jiangxi Province, 
while the general distance weight matrix (Moran′s I = 
0.57; p-value < 0.01) is selected for analysis in Anhui 
Province.   

The gathering time of variables should be clearly 
stated in modeling analysis. Distance to Yiwu City is 
almost constant if the administrative division is not ad-
justed. There are two variables (man-land ratio and per 
capita net income) whose gathering time is 2007. Mi-
gration stock data are a lagging indicator on population 
floating and refers to that in 2006.   
4.3.1  Model fitting results of floating population 
from Jiangxi 
The results from multiple regression analysis of migra-
tion ratio in Jiangxi Province are shown in Table 2. The 
Moran′s I test on the residuals after fitting the ordinary 
least square (OLS) suggests that there is strong evidence 
of spatial autocorrelation among the residuals. Thus the 
independence assumption of the error term appears to be 

violated. In order to explain the spatial autocorrelation, 
the spatial linear regression models were applied. The 
3-nearest neighbor weight matrix is selected because of 
high coefficient (Moran′s I = 0.67; p-value < 0.01) for 
spatial regression analysis.   

The migration ratio has correlation with the distance 
to Yiwu City in all the three estimates of model 2. 
Compared with the standard linear regression residuals, 
the residuals from the spatial linear regression were 
much reduced in size. The dramatic reduction of the 
Moran′s I statistic from 0.352 to 0.040 shows that spa-
tial autocorrelation among these residuals was elimi-
nated. The standard linear regression indicates the cor-
relations among migration ratio and man-land ratio and 
rural labor income are not significant, while the correla-
tion between migration ratio and man-land ratio is sig-
nificant at the 0.5 level according to spatial version of 
model 2. The three estimates results of model 2 shows 
strong positive correlations between migration ratio and 
the distance variable at the 0.0001 level. The migration 
ratio in near counties is larger than that in counties far 
away from Yiwu City in Jiangxi Province which is 
shown in Fig. 5b. The spatial error model (SEM) has 
slightly higher goodness of fitting than spatial lag model 
(SLM) based on AIC value even though the Moran′s I 
value of residuals is larger in SEM.  

The correlation between migration ratio and migra-
tion stock is notable with high significance level 
(p-value < 0.0001) in OLS, SLM and SEM of model 3. 

 
Table 2  Regression results of models for floating population to Yiwu City from counties in Jiangxi Province 

Model 2 Model 3 
Independent variables 

OLS SLM SEM OLS SLM SEM 

lnMLR07 –0.078 –0.136* –0.148* –0.096* –0.134* –0.084* 

lnPCNIR07 –0.072 0.025 0.058 0.026 0.084 0.019 

lnDYW_E –3.003***** –1.772***** –2.860***** –0.485* * 0.147 –0.628 

lnMS06 – – – 0.805***** 0.737***** 0.751***** 

Constants 22.226***** 13.158 ** 20.740***** 0.849 –3.575* 2.052* 

Spatial lag effects – 0.404***** – – 0.277***** – 

Spatial error effects – – 0.403***** – – 0.311*** 

Log likelihood –132.300 –124.167 –124.398 –76.475 –69.248 –72.651 

AIC 272.600 258.334 256.797 162.950 150.497 155.302 

Moran′s I for residuals 0.352*** 0.040* 0.043* 0.226*** –0.002 0.039* 

Notes: *, **, ***, ****, ***** represent significance at 0.5, 0.1, 0.01, 0.001 and 0.0001 respectively; InMLR07 is man-land ratio in 2007; 
lnPCNIR07 represents per capita net income of rural labor forces in 2007; lnDYW_E represents distance to Yiwu City in Euclidean space; 
lnMS06 refers to migration stock in 2006; OLS is ordinary least square regression method; SLM is spatial regression using spatial lag model; 
SEM is spatial regression using spatial error model; AIC means Akaike′s Information Criterion 
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The OLS results of model 3 also confirm the distance- 
decay effect while results from the spatial version of 
model 3 failed to support the distance law in population 
floating. There is negative correlation between migra-
tion ratio and man-land ratio from the three fitting re-
sults at the 0.5 level. Results from model 3 show that 
there was no correlation between migration ratio and the 
per capita net income of rural labor forces. The results 
from model 2 also show the same results. The OLS fit-
ting results shows the negative correlation between mi-
gration ratio and distance while the SLM and SEM fit-
ting results failed to support this. The SLM estimates 
have higher goodness of fitting than SEM estimates in 
model 3 no matter from the AIC values or from the 
Moran′s I value of residuals. 
4.3.2  Model fitting results of floating population 
from Anhui 
The results from multiple regression analysis of migra-
tion ratio in Anhui Province are shown in Table 3. The 
assumption of independence of the residuals is violated 
because of strong evidence of spatial autocorrelation 
among the residuals in model 2 and 3. In order to ac-
count for the spatial autocorrelation, spatial linear re-
gression models like SLM and SEM are fitted. The gen-
eral distance (50 km) weight matrix is selected for 
weight matrix calculation.  

Compared with the regression residuals by ordinary 
least square method, the residuals from the spatial lag 
model and spatial error model in model 2 were much 
reduced in size, and spatial autocorrelation among these 
residuals was essentially eliminated. Fitting results of 
model 2 show that the migration ratio has notable posi-
tive correlation with the man-land ratio in all the three 

estimates with high significance level. The correlation 
between migration ratio and per capita net income of 
rural labor forces is also significant at different levels 
among OLS, SLM and SEM fitting. The distance-decay 
effect is only confirmed by the best fitting results using 
SLM in model 2. According to the likelihood statistics, 
the AIC value and the Moran′s I statistics of residuals, 
the fitting results in model 2 show a tight race between 
spatial lag model and spatial error model.  

The improvement of spatial autocorrelation among 
these residuals was obvious by spatial regression method 
in model 3 and the Moran′s I statistics were reduced 
from 0.255 to 0.015 and –0.019, respectively. The mi-
gration ratio was positively significantly correlated with 
the man-land ratio at the 0.1 level. There is negatively 
correlation between migration ratio and the per capita 
net income of rural labor forces at the 0.1 significance 
level. Meanwhile, the migration ratio has notable nega-
tively correlation with distance variables. Strong posi-
tive correlations exist between migration ratio and mi-
gration stock (p-value < 0.0001). According to the AIC 
value, the spatial lag model provides better fitting than 
spatial error model while spatial error model is better 
than OLS.  

 
5  Discussion  

 
Existing statistical system of floating population is not 
enough to support analysis work of origin, destination 
and flow direction of population. The registered floating 
population data used in the study are the best available 
data. Still there is no guarantee for ′registration when 
coming′ and ′deregistration when leaving′ on one hand. 

 
Table 3  Regression results of models for floating population to Yiwu City from counties in Anhui Province 

Model 2 Model 3 
Independent variables 

OLS SLM SEM OLS SLM SEM 

lnMLR07 0.571*** 0.480**** 0.469**** 0.185** 0.205** 0.210** 

lnPCNIR07 –1.465*** –0.803** –0.685* –0.527** –0.349** –0.463** 

lnDYW_E 0.070 –0.257* 0.014 –1.179***** –1.131***** –0.936**** 

lnMS06 – – – 0.807***** 0.668***** 0.718***** 

Constants 10.501* 5.914* 5.056* 7.240*** 5.454** 5.723** 

Spatial lag effects – 0.667***** – – 0.341***** – 

Spatial error effects – – 0.706***** – – 0.484***** 

Log likelihood –100.930 –82.792 –84.212 –46.048 –36.459 –40.665 

AIC 209.861 175.584 176.425 102.097 84.918 91.329 

Moran′s I for residuals 0.457*** –0.017* –0.019 0.255*** 0.015* –0.019 
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On the other hand, the difference of geocoding schema 
between different department and the frequent updates 
of administrative divisions are main challenges for spa-
tially-enabled data preprocessing.     

Map visualization method as well as explorative spa-
tial data analysis can do great help in detecting the spa-
tial pattern of floating population to/from a certain place. 
Two provinces, i.e. Jiangxi and Anhui as origin places, 
are found to be outliers and typical for further analysis 
on determinant factors. Explorative spatial data analysis 
using box map at the county level illustrates the concen-
tration or decentralization trends of floating population. 
Migration ratio map with multiple ring buffers from 
origin to destination is proved as an excellent media for 
analyzing the relationship between migration ratio and 
distance.  

Some recommendations for floating population model 
selection can be acquired based on fitting results. The 
model fitting results confirm that the theoretical deduc-
tion of the spatial linear regression can reduce the re-
siduals and eliminate the spatial autocorrelation among 
the residuals. The estimate results in the two spatial 
models in Jiangxi and Anhui provinces further suggest a 
preference for the spatial lag model rather than the spa-
tial error model. Thus the spatial lag model can be 
viewed as an appropriate alternative to standard regres-
sion approaches in floating population models. Based on 
the likelihood statistics, the AIC and the Moran′I statis-
tics of residuals, the model 3 provide an improved fit-
ting over the model 2. Model 2 is used to explain the 
decision to migrate when the migration stock is low at 
the initial stage or there is little knowledge for floating 
population about their friends, relatives or hometown 
fellows in Yiwu City. Model 3 introduces migration 
stock variables and will explain much more than model 
2. But one risk of using model 3 is that migration ratio 
maybe closely relate to the migration stock. The migra-
tion stock variables may appear to exert a strongly posi-
tive effect on floating and migration even if in fact there 
is no such relationship.  

Floating population from Jiangxi and Anhui ranks the 
top two in all of 31 provinces. The Yiwu City is more 
attractive to people in Jiangxi Province than those in 
Anhui Province. However, the determinant factors seem 
different according to the best fitting results using SLM 
in model 3. In the case of Jiangxi Province, the SLM 
fitting results show that the migration ratio is signifi-

cantly positively correlated with migration stock at the 
0.0001 level. The migration ratio is negatively signifi-
cantly correlated with man-land ratio at the 0.5 level. In 
the case of Anhui Province, the SLM fitting results show 
that the migration ratio is correlated with migration 
stock positively (p-value < 0.0001), distance to Yiwu 
City negatively (p-value < 0.0001), the per capita net 
income of rural labor forces negatively (p-value < 0.1) 
and the man-land ratio positively (p-value < 0.1). The 
migration ratio of floating population in Jiangxi flocking 
into Yiwu City is determined mostly by the migration 
stock. The distance law of migration failed to explain 
the migration ratio because of the impact of large migra-
tion stock. However the migration ratio map with multi-
ple buffer rings in Fig. 5 shows the obvious distance- 
decay effect in Jiangxi Province. It appears that the dy-
namic population floating process from counties in Ji-
angxi to Yiwu City is in its developed stage. Subsequent 
would-be floating population is influenced by migrants 
who moved previously to Yiwu City greatly. However, 
the population floating process from counties in Anhui 
to Yiwu City is in its developing stage. Thus the model 
fitting results show that the determinant factors are 
composed by several social-economic and obstacle fac-
tors. Meanwhile, the pull forces from other industry 
centers located in Jiangsu, Shanghai and other provinces 
(municipalities) restrict the development of population 
floating process from Anhui to Yiwu City. The correla-
tion is negative in Jiangxi Province between migration 
ratio and man-land ratio. This is in line with the theo-
retical assumption and people′s understanding. However,  
the model fitting results in model 2 and 3 show the posi-
tive correlation of these two variables in Anhui Province. 
This apparent paradox needs further analysis in future 
research. 

Theoretically speaking, social-economic factors of 
origins and destinations and obstacle factors from origin 
places to destination places are related to population 
floating and migration. Ravenstein's (1885) dis-
tance-decay function in migration is confirmed accord-
ing to the best estimates of model 2 in Jiangxi/Anhui 
Province and the model 3 in Anhui Province. However, 
the best fitting results by SLM version of model 3 in 
Jiangxi Province do not support the distance law of mi-
gration. However, the fitting results of model 2 and spa-
tial pattern by map visualization illustrate obvious dis-
tance-decay effect. The introduction of migration stock 
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which has strong ability to explain the floating popula-
tion phenomena submerges the reality of the distance 
law. The correlation between per capita net income of 
rural labor forces and migration ratio is not significant 
according to the three versions of the two models in Ji-
angxi. These results indicate obvious difference with 
previous studies at the provincial level (Cai, 1995; He, 
1999; Li, 2003; Wang and Fan, 2009). The range of the 
income in log-form within the counties in Jiangxi is as 
small as 1.13. The main reason is the small disparity of 
per capita net income of rural labor forces. Multivariate 
spatial interaction approach (He, 1999) suggest that mi-
gration stock is an important variable to reflect both mi-
gration policy change and economic development strat-
egy. This study also demonstrates that migration stock 
has strong ability to explain floating population phe-
nomena at the county level.     

 
6  Conclusions  

 
In this paper, the origin distribution pattern of floating 
population in Yiwu City is analyzed using explorative 
spatial data analysis and map visualization methods. 
Using the migration ratio in 2007 as an explanatory 
variable, two models are fitted using OLS, SEM and 
SLM approaches with county-level data in Jiangxi and 
Anhui provinces. The determinant factors are analyzed 
based on model comparison in the two provinces and 
with previous studies.  

To better understand population floating phenomenon, 
data on floating population size, structure (in terms of 
sex, age, ethnic, occupation, etc.) and flow direction are 
essential and should be collected, processed, released 
periodically. ESDA and map visualization methods have 
great potential in spatial analysis of floating population 
data. The V-shaped origin distribution pattern at the 
provincial level and the distance-decay effect in Jiangxi 
are detected. In choosing modeling methods among 
OLS, SLM and SEM, empirical study in this paper sug-
gests replacing OLS with spatial linear regression to 
reduce the residuals and eliminate the spatial autocorre-
lation among the residuals. And it further suggests a 
preference for the spatial lag model rather than the spa-
tial error model. The model 3 with migration stock 
variable provides an improved fitting over the model 2. 
The floating population flocking into Yiwu City from 
Jiangxi is determined mostly by the migration stock 

while the determinant factors are migration stock and 
the distance to Yiwu City in Anhui. The correlation be-
tween per capita net income of rural labor forces and 
migration ratio is not significant in Jiangxi and signifi-
cant only at the 0.1 level in Anhui. The distance-decay 
effect is true for migration flow from Anhui to Yiwu 
City while the distance rule is not confirmed in Jiangxi 
with the best fitting model. The dynamic population 
floating process from counties in Jiangxi to Yiwu City is 
in its developed stage. Meanwhile, the population float-
ing process from counties in Anhui to Yiwu City is in its 
developing stage. According to the analysis in this paper, 
the distance, income and man-land ratio are important 
factors to explain population floating at earlier stage. 
However, as the dynamic population floating process 
evolves, the determinant factor will be the migration 
stock. The accumulative effect of migration stock de-
pends mostly on social network which is built based on 
clan, hometown fellow, schoolfellow, etc. These find-
ings support the theoretical and practical importance of 
further social network research of rural labor forces. 
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