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A B S T R A C T   

Reducing the spatial disparities and structural inequalities faced by disabled people is a global challenge in both 
developed and developing countries that requires an understanding of disability-driven deprivation. This study 
aims to develop and validate a conceptual framework for analysing the structural inequality and spatial disparity 
of disability-related deprivation. To achieve this goal, an Index of Disability-Related Multiple Deprivation 
(IDMD) based on six specific domains, including employment, education, marital status, health, services and 
barrier-free environments, is proposed. The IDMD was calculated at the sub-district level within the Tianjin 
municipality using aggregated registration information from the Tianjin Disability Database in 2020. Principal 
component analysis (PCA) was used to assign the weight of each indicator of IDMD. Moran I and LISA analysis 
were used to quantify the spatial disparity of IDMD across the municipality. Multi-Scale Geographically 
Weighted Regression (MGWR) was used to model the structural factors shaping the spatial disparity of disability- 
related deprivation in terms of gender, age, and disability types. Three key findings have been generated as 
follows. The spatial variability of IDMD revealed significant urban-rural disparity across the municipality, 
highlighting the difficulties faced by vulnerable and disadvantaged disabled people in rural areas. Men, working 
age groups and those with intellectual disability contributed most to the structural inequalities of IDMD. Thirdly, 
the location of greatest deprivation varied for different groups; working age groups faced the highest levels of 
deprivation in the urban centre, males faced the most deprivation in the urban fringe and those with intellectual, 
limb, visual, speech or mental disabilities were most deprived in rural areas. These findings reflect the 
complexity of structural factors affecting disability-related deprivation at the municipality scale. This study 
points to the need for informed, targeted welfare facilities planning and management strategies to improve 
spatial equity and social justice for disabled people.   

1. Introduction 

Disabled people face an increased risk of poverty and deprivation as 
a result of barriers to paid employment and education, the inaccessi-
bility of services and the physical environment, stigma, and the lack of 
affordable, good quality disability-related services and support (Banks 
et al., 2017). The proportion of disabled people living below the national 
or international poverty line is greater than that of non-disabled people 
and is more than double in some developing countries (UN, 2018). In 
China disabled people account for 12% of the population living below 
the poverty line, more than 80% of which live in rural areas (CDPF, 
2019). Disabled people are recognized as a vulnerable group by the UN’s 

2030 Agenda for Sustainable Development. Its first principle, ‘leaving no 
one behind’, includes a commitment to eradicating poverty, ending 
discrimination and reducing inequality (UN, 2015). To this end, the 
UN’s 2030 Agenda and Disability And Development Report call for an 
in-depth understanding of what poverty is and how the characteristics of 
disability can be a factor in increasing the risk of poverty and depriva-
tion (UN, 2015; UN , 2018). 

Poverty is increasingly measured on multiple dimensions of depri-
vation, over and above material poverty (Alkire & Kanagaratnam, 2021; 
Noble et al., 2006). Sen (1999) defines poverty as the “deprivation of 
basic capabilities rather than merely as lowness of incomes” (p.87). 
Similarly, the poverty and deprivation faced by disabled people must 
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also be defined by more than income. In some countries and regions, 
such as South Africa, disabled people have incomes equal to or higher 
than those without disabilities due to the provision of government grants 
(Loeb et al., 2008). However, they have fewer education or employment 
opportunities (She & Livermore, 2007) whilst also incurring extra costs 
associated with a disability, such as health-related expenditure, assis-
tance with daily care, and transport (Mitra et al., 2017; Morris & Zaidi, 
2020). This suggests social welfare payments for disabled people are not 
enough to support their standard of living. Recent studies have focused 
on the multiple ways in which the life of disabled people can be 
impoverished (Mitra et al., 2013). 

Studies have shown that the incidence and intensity of poverty 
experienced by disabled people varies spatially between countries 
(Mónica et al., 2020; Pinilla-Roncancio & Alkire, 2020), provinces 
(Mont & Nguyen, 2018), cities (Liao et al., 2016), counties (Hollar, 
2017, p. 518), and districts (Goli et al., 2014), due to significant spatial 
disparities in health care access, levels of urbanisation, and epidemic 
disease. Within the disabled population gender (Belzunegui-Eraso et al, 
2018), age (Flores-Flores et al, 2018), ethnicity (Mónica et al., 2020), 
and the severity and type of disability (Clausen & Barrantes, 2020) may 
exacerbate deprivation due to differences in specific capabilities and 
functioning, stigma, or household income. Empirical evidence regarding 
the spatial and structural variations in deprivation experienced by 
disabled people remains mixed and inconsistent because the two aspects 
– where and who - have typically been studied separately. A full picture 
of disability deprivation would reflect the distribution, spatial variation, 
and mechanism of deprivation within a given area (Yuan & Wu, 2014). 
Most studies have analysed disparities on regional and national scales, 
and have not reflected the spatial variability within a city. 

This study presents a conceptual framework to evaluate the spatial 
disparity and structural inequality of disability-related deprivation in 
developing countries, using an Index of Disability-Related Multiple 
Deprivation (IDMD). Using aggregated registration information from the 
Tianjin Disability Database, the framework will be validated with 
principal component analysis (PCA) and Multi-Scale Geographically 
Weighted Regression (MGWR). Specifically, two key research questions 
will be answered: (1) where are the most deprived sub-districts for 
disabled people? (2) who are the most deprived groups, and what is the 
spatial disparity within each deprived group? This paper, the first 
empirical study of disability in China with a deprivation and inequality 
focus, will contribute to urban studies of disability. 

This paper is organized into six parts. Following this introduction, 
section 2 aims to review relevant literature on deprivation and 
disability. Section 3 justifies the analytical and modelling methods used 
in this study, and describes how the data were collected and processed. 
The results are presented and interpreted in Section 4. A critical dis-
cussion of the structural inequality of deprivation faced by disabled 
people follows in Section 5 and conclusions are drawn in Section 6. 

2. Literature review 

2.1. Measuring disability-related multiple deprivation 

Deprivation describes a condition of relative poverty (Kearns et al., 
2000). Townsend (1987, p.131) suggests, “people can be said to be 
deprived if they lack the types of diet, clothing, housing facilities and fuel 
and environmental, educational, working and social conditions, activ-
ities and facilities which are customary”. Multiple deprivation is deno-
ted as an accumulation of several types of deprivation. Measures of 
deprivation, such as the English Indices of Deprivation (EID) (Noble. 
et al., 2004; Noble et al., 2008; Mclennan et al., 2011; Smith et al., 2015; 
McLennan et al., 2019), typically include seven domains: income; 
employment; health and disability; education; housing and services; 
crime; and living environment. Collectively these domains capture 
economic, social and environmental outcomes of deprivation. 

Within these core domains, disabled people may experience 

additional deprivation as a result of their disability, such as social stigma 
or difficulty accessing assistive technology or rehabilitation (Banks 
et al., 2020). In terms of social deprivation, Masasa (2002) pointed out 
that marriage and childbearing were regarded as a way of increasing the 
support base for disabled people. However, in some societies disabled 
people are viewed as less attractive as partners owing to difficulties 
accessing education, employment, and economic opportunities (Taghi-
zadeh et al., 2020). Therefore, Puschmann et al. (2014) suggest that 
marital status can explain social exclusion of disabled people. A lack of 
social welfare, such as government grants (Groce et al., 2011) and 
medical insurance (Chatterjee & Mitra, 1998), can further reduce 
disability living standards. In the health domain, Yoshida et al. (2012) 
indicated that the severity of a disability determined the level of 
participation in economic and social life. In terms of environmental 
deprivation, Katarina and Nik (2018) demonstrated that the absence of 
barrier-free environments failed to successfully include the physically 
disabled in the environment. Furthermore, groups in impoverished areas 
were less able to access disability services, with the possible conse-
quence of adverse long-term health and quality of life outcomes 
(Lakhani et al., 2019). To date, disability-related deprivation has been 
represented by disability-specific domains or indicators measured using 
secondary data or participatory exercise data. Secondary data includes 
demographic, health, and environment variables, such as education, 
employment, occupation (Awasthi et al., 2017), accessibility and 
physical barriers in urban environment (Hacini et al., 2022). Partici-
patory data obtained via qualitative methods have shown a 
group-specific trend. It is about various basic capabilities, psychosocial 
dimensions, household level material wellbeing for children (Trani & 
Cannings, 2013), social hindrances, environmental and attitudinal bar-
riers in the workplace for working-age persons (Parey, 2020), food, 
healthcare, information, and transport for older persons (Parey, 2021) 
(Fig. 1). 

2.2. Structural inequality amongst disabled people 

Solving poverty and deprivation issues requires insight into how the 
characteristics of disability can increase the risk of deprivation. A key 
question is who are the most deprived disability groups and where are 
they located? 

Structural inequality refers to the unequal distribution of, or access 

Fig. 1. The domains of disability-related multiple deprivation.  
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to, societal resources between different groups of people. Individual 
residential space, gender, race, and class all affect socio-economic dif-
ferentiation (Shi & Dorling, 2020) and health outcomes (Horse et al., 
2021). The structure of the disabled population is described by disability 
prevalence, counts, gender, age, and disability types (Chandirli et al., 
2019). Recently, more studies have explored the structural inequalities 
of disability-related deprivation. In terms of gender, women were more 
likely to experience poverty and social exclusion in Vietnam (Nguyen & 
Mont, 2011), Morocco and Tunisia (Trani et al., 2015). However, 
Mónica et al. (2020) demonstrated that this was not the case in all 
countries; disabled women were more disadvantaged in Cameroon and 
India but there was no significant difference in deprivation between 
disabled men and women in Guatemala. Age also makes a difference; the 
probability of social exclusion increased with age for those with dis-
abilities in Spain (Belzunegui-Eraso et al, 2018) and Korea (Park & Nam, 
2018). However, Mont and Nguyen (2018) found that elderly disabled 
people in Vietnam who were not disabled during their education, 
training or working years, were not adversely affected by their disability 
as they had been able to accumulate assets and make a family that cared 
for and housed them in old age. Other studies have shown that different 
disabled age groups experienced a higher risk of poverty. For example, 
Loeb et al. (2008) found that school aged groups experienced education 
deprivation that had a lifelong impact. Haveman and Robert (2000, pp. 
995–1051) and Stapleton et al. (2006) highlighted significantly lower 
employment rates amongst working-aged disabled groups. Similarly, in 
China, the population-based survey on disability in 2006 showed that 
age was a better predictor of poverty than disability type; young 
disabled people, regardless of disability type, were associated with ex-
periences of poverty (Guo et al., 2019). 

Evidence as to which type of disability is associated with higher 
levels of deprivation is inconclusive. Trani et al. (2015) found that in 
Morocco and Tunisia people with intellectual, mental, and multiple 
disabilities have the highest probability of falling into poverty. Visual 
disabilities were not associated with poverty in Vietnam (Hong-Luu 
et al., 2012) or Indonesia (Bella & Dartanto, 2018), however, Solan and 
Mozlin (1997) suggested they do have a significant influence on poverty. 
Therefore, although certain gender, age, and disability types are asso-
ciated with an increased probability of being poor, differences in the 
level of poverty may relate to disparities of geographical context 
(Mónica & Islay et al., 2020). 

2.3. Spatial disparity in disability-related deprivation 

Evaluation of the spatial disparity of disability-related deprivation 
on different scales has produced disparate results. Some studies suggest 
that disabled people in poor areas tend to be more deprived due to lower 
levels of socio-economic development and an insufficient supply of 
services (e.g. health care, education, training, job opportunity, and 
transportation) (Stapleton et al., 2006). Pinilla-Roncancio and Mónica 
(2017) and Bella and Dartanto (2018) demonstrated that differences in 
socio-economic development, such as urban-rural disparity, can in-
crease the deprivation gap of the disabled. Awasthi et al. (2017) suggest 
that disabled people in regions with higher illiteracy and lower socio-
economic status may be subject to increased social stigma. Banks et al. 
(2017) and Pinilla-Roncancio and Alkire (2020) found the opposite to be 
true; in regions or countries with higher levels socio-economic devel-
opment the disabled population were not being supported by public 
policies designed to reduce poverty and deprivation. Mónica et al. 
(2020) termed the phenomena the “Disability and Development Gap”. In 
addition to the overall spatial disparity of disability-related deprivation, 
there is the added complexity of the heterogenous spatial effects of 
group-specific disability. A few studies have discussed spatial disparities 
within disability sub-groups (e.g. Awasthi et al., 2017; Trani et al., 2015) 
between regions or administrative areas. This paper contributes to this 
line of inquiry with an empirical analysis of a major Chinese city, where 
the disability structure and spatial development have shown distinctive 

features. During rapid industrialization, urbanization, and population 
ageing, there has been significant growth of the disabled population. 
Growth patterns of the disabled population (Zhang, 2007) and several 
aspects of urban development, such as economic development (Giles et 
al, 2006), the provision of public services (Bosker et al., 2018) and 
housing conditions (Chen & Guo, 2011), are characterized by spatial 
disparity. This is suggestive of structural dynamics within Chinese cities. 
Consequently, it is worth exploring the structural characteristics of the 
disabled population and spatial disparity of resources to better under-
stand the mechanism of disability deprivation inequality at the munic-
ipality scale in China. 

3. Data and methodology 

3.1. Study area 

Tianjin, an important industrial megacity southeast of Beijing, was 
selected as the study area. In 2020 the disabled population was 
approximately 570,000, with a cross-section of ages, genders and types 
of disability (TJDPF, 2021). Tianjin can be classified into three main 
areas: the urban centre (the central urban area and other fully urban 
areas); the urban fringe (urban and rural areas around the central urban 
area); and rural areas (the outer urban areas and predominantly rural 
areas). Fig. 2 shows the relative proportion of urban and rural areas at 
the sub-district (jie dao) and town level. 

3.2. Development of the sub-district-level Index of Disability-related 
multiple deprivation (IDMD) 

3.2.1. Data collection and processing 
A domain reflects a specific socioeconomic condition and comprises 

a set of indicators. Based on the limited data availability of disabled 
people in China, this study proposed and used six domains: employment, 
marital status, education, health, services, and barrier-free environment. 
The six domains are composed of nine indicators. A full description of 
the domains, indicators, data sources and processing methods is detailed 
in Table 1. 

This study collated all data from three sources. Firstly, the social and 
health attributes of 350,000 certified disabled people were collated from 

Fig. 2. Location of the Tianjin municipality study area.  
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the Tianjin Disability Database, which contains personal data (gender, 
age, disability type, disability level, household registration, present 
address, workplace, education, marital status) of those disabled people 
across Tianjin who meet the national criteria for the issuance of 
disability cards. The current residence address of these disabled people 
is updated annually to determine the jurisdiction in which benefits are 
issued. Secondly, the location and descriptors (type, year of construc-
tion, area, medical and nursing personnel numbers) of 500 disability 
service facilities (60 disability schools, 300 disabilities daycare centres, 
94 rehabilitation centres, 7 integrated disabled services, and 44 
disability employment services) were collated from Database of 
Disabled Facilities in Tianjin. These include both public and private 
facilities accredited by the Disabled Persons’ Federation and the infor-
mation is updated in real time. The above-mentioned two types of data 
are provided by the Tianjin Disabled Persons’ Federation (TJDPF).1 

Thirdly, location data for public service facilities were drawn from 
Gaode Map 50,000 POI data (Gaode Map, 2020). Fourthly, the location 
and prevalence of 100,000 barrier-free facilities (20,000 barrier-free 
elevators, 1000 barrier-free toilets, 10,000 wheelchair ramps, 50,000 
curb-ramps, 3000 low-level service facilities, 1000 wheelchair seats, 
500 barrier-free parking spot, and 1000 barrier-free entrances) were 
taken from the Rongchang application.2 

The number of disabled people with different attributes and the 
number of barrier-free facilities were calculated and further aggregated 
to sub-district level using ArcGIS 10.2. In terms of measuring the dis-
tance to service facilities, firstly, ArcGIS 10.2 was also used to calculate 
the road distance to the closest facility from the population weighted 
centroid of each sub-district. Secondly, the sum of distances to all types 
of facilities was used to indicate the adequacy and proximity of facilities. 
All the indicators listed in Table 1 were calculated at the sub-district 
level and followed a normal distribution. 

3.3. Measuring IDMD using PCA 

The weights given to each indicator influenced the resulting value of 
IDMD. This study used principal component analysis (PCA) to determine 
the weight for each indicator, attempting to reduce error and subjec-
tivity. Components whose eigenvalues are higher than 1.0 and in-
dicators whose loadings exceed 0.80 in each component were kept 
(Cumming & Vervier, 2002). The IDMD was calculated using Equation 

(1) (Min et al., 2011): 

IDMDi =
∑n

i=1
Ei×

∑k

j=1
Lj=1 × xj 1  

Where Ei is the eigenvalue of component I; Li is the loading score for 
indicator j; xj is the standardized value of indicator j. All indicators were 
in the same direction. In each spatial unit (sub-district), the weight of 
each domain was multiplied by each indicator, and the IDMD value was 
calculated by adding all the products together. This study aggregated 
individual scores to sub-district level, firstly because it is the smallest 
administrative unit in China and most reliable scale of population data 
in municipality (Cheng et al., 2006), and secondly because of the sig-
nificant socio-economic spatial heterogeneity at this level (Liu et al., 
2022). IDMD measurement at this scale is an interpretative measure-
ment which has significance to, and can be easily shared with, planners 
and policy makers. In addition, it can be combined easily with many 
other statistical and census data to inform future research. A higher 
IDMD score suggests a higher degree of multiple deprivation. The 313 
sub-districts were then classified into quintiles according to their 
deprivation index (Q1: least deprived; Q5: most deprived). A choropleth 
map was created to visualize the geographical distribution of IDMD by 
quintile. Moran I and LISA analysis were used to quantify the spatial 
disparity of IDMD across the municipality. 

3.4. Modelling the structural determinants of disability on IDMD 

3.4.1. Disability structural factors 
Solving the problem of disability-related deprivation requires a clear 

understanding of its structural inequalities. Drawing on existing 
research on disability structural inequalities, this study uses eleven 
structural factors as the independent variables, including gender, age, 
and six disability types, and the IDMD value as the dependent variable 
(Bella & Dartanto, 2018; She & Livermore, 2007) (Table 2). The distri-
bution of the percentage of all subgroups in Tianjin showed a significant 
circle structure although patterns varied between each structural factor 
(Appendix, Figures A1-A3). The dependent variable is the score of 
IDMD. 

3.4.2. Spatial heterogeneity analysis using MGWR 
In previous studies the relationship between disability-related 

deprivation and disability structural factors has been measured using 
nonspatial regression analysis, such as logistic regression (Guo et al., 
2019) or Poisson regression models (Flores-Flores et al, 2018). In order 
to better understand the spatial heterogeneity, spatial dependence and 
spatial non-stationarity, Geographically Weighted Spatial Modelling 

Table 1 
The domains and indicators of the IDMD.  

Domain Indicators Definition of Indicators Data source Data accuracy 

Employment Unemployment % disabled people who are either unemployed (aged 
18 to 60) or receive zero pension (aged >60) 

Tianjin Disability 
Database, 2020 

Registration information of certificated 
disabled people (N = 350,000); Updated 
annually Marital status Unmarried % disabled people (aged >20) who have never been 

married 
Divorced % divorced disabled people 

Education Illiteracy % disabled people leaving school without diploma 
Low educational 
achievement 

% disabled people (>15 years old) with lower 
educational attainment (under junior high school) 

Health High dependency % people with the most severe levela of disability 
Services Disabled services 

facilities 

∑
closest distances of each type of disability services 

facilities to sub-district population weighted centroid 
Tianjin disabled facilities 
Database, 2020 

Information of disabled services facilities (N 
= 500); Real-time update) 

Basic public services 
facilities 

∑
closest distances of each type of basic public services 

facilities to sub-district population weighted centroid 
Gaode Map, 2020 POI data of basic public facilities (N =

50,000); Real-time update 
Barrier-free 

environment 
Barrier-free areas/ 
facilities 

The total number of barrier-free facilities Rongchang application, 
2020 

Barrier-free facilities data (N = 100,000); 
Annual update  

a Each type of disability is divided into 4 levels depending on their severity, according to the “Practical Assessment Standards for People with Disabilities in China”. The 
most severe level (1st level), across all disability types, indicates very serious barriers to participation in social life. 

1 The Disabled Persons’ Federation is a public institution that participates in 
the administration of civil servants and is an organization that represents and 
addresses disabled people’s issues in China.  

2 Rongchang application is a barrier-free signage system based on the Internet 
navigation electronic map. 
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(GWSM) is commonly used in geographical studies (Li et al., 2022). 
Geographically weighted regression (GWR) models have been used 
successfully to analyse local attributes at small spatial scales (Fother-
ingham et al., 2002). MGWR allows the associations between different 
independent variables and the dependent variable to be inconsistent in 
scale by allowing the data-borrowing ranges (bandwidths) to vary, thus 
generating a more realistic spatial process model (Fotheringham et al., 
2017, p. 1247). This study, therefore, employed MGWR. (Equation (2)). 

yi = βi0(ui, vi) +
∑m

k=1
βbwk(ui, vi)xik + εi 2  

Where yi is the dependent variable, xik is the independent variable, bwk 
represents the bandwidth used by the regression coefficient of the k-th 
variable, (ui, vi) is the spatial coordinate of the i-th region, and εi is the 
random error term. Each regression coefficient βbwk is based on local 
regression, and the bandwidth is specific. 

In this study, MGWR was performed using the open-source python 
package provided by the School of Geographical Sciences and Urban 
Planning at Arizona State University (https://github.com/pysal/mgwr). 

4. Results 

4.1. Spatial pattern of IDMD 

Three factors with eigenvalues larger than or close to 1 were selected 
from the PCA results, which together explained 72% of the total vari-
ance. These factors were named according to the loading of key in-
dicators: the employment and education factor, the accessibility factor, 
and the marital status factor. For each component, indicators with high 
loadings (>0.70) were kept. IDMD was calculated using the equations 
set out in Table 3. 

Fig. 3 shows that IDMD scores gradually increased with distance 
from urban centre to rural areas and exhibited significant urban-rural 
disparity. Global spatial autocorrelation was used to test the overall 
trend of spatial correlation between adjacent regions across the whole 
study area. The Global Moran’s I index was 0.258, at a 1% significance 
level, indicating that IDMD values were significantly and positively 
spatially correlated. Local spatial autocorrelation analysis revealed four 
types of spatial correlation between local and neighboring IDMD values 
(Fig. 4). The L-L (cold spot clusters) type represents the least deprived 
sub-districts, mainly concentrated in the urban centre and in eastern 
areas of the district (a new national industry district). The L-H type 

represents sub-districts that were less deprived than surrounding areas. 
These were located in the centre of rural areas across the municipality. 
The H-L type represents sub-districts that had higher levels of depriva-
tion than those surrounding them. These were located in the periphery 
of the urban centre. The H–H type (hot spot clusters) represents the most 
deprived sub-districts, most of which were located in rural areas of the 
municipality. The components of IDMD showed similar patterns (Ap-
pendix, Fig. A4). In summary, the results confirm that the urban-rural 
disparity increases the risk of disability-related deprivation in rural 
areas (Goli et al., 2014; Pinilla-Roncancio & Mónica, 2017). 

The value of IDMD is the sum of products of components and 
extraction of Squared Loadings. 

4.2. The multiscale structural determinants of IDMD 

OLS was used to identify the structural determinants of IDMD. The 
outcome of the OLS global model is shown in Table 4. Five disability 
types (%Visual, %Limb, %Mental, %Intellectual, %Speech) and two age 
groups (%18–40, %44–59) had a significant positive impact on IDMD, 
while %Female had a negative impact. The VIF values for all indepen-
dent variables revealed low multi-collinearity (all values were less than 
the threshold of 5). 

GWR and MGWR were used to explore the local spatial variation of 
the determinants of IDMD. MGWR yielded a larger adjusted R2 (0.941) 

Table 2 
Description of the disability structural factors.  

Independent variables Description 

Gender structural 
factors 

%Female Percentage of disabled people who are 
female 

Age structural factors %Aged＜18 Percentage of disabled people aged <18 
years old 

%Aged18- 
40 

Percentage of disabled people aged 
18–40 years old 

%Aged41- 
59 

Percentage of disabled people aged 
41–59 years old 

%Aged≥60 Percentage of disabled people aged ≥60 
years old 

Disability type 
structural factors 

%Visual Percentage of disabled people with a 
visual disability 

%Limb Percentage of disabled people with a 
limb disability 

%Hearing Percentage of disabled people with a 
hearing disability 

%Mental Percentage of disabled people with a 
mental disability 

% 
Intellectual 

Percentage of disabled people with an 
intellectual disability 

%Speech Percentage of disabled people with a 
speech disability  

Table 3 
Formulation of the IDMD based on PCA.  

Component Formula 

A- The employment and 
education and factor 

FA = 0.808* Unemployment +0.738* Illiteracy 
+0.902*Low educational achievement 

B-The accessibility factor FB = 0.909* Disabled services facilities +0.832* 
Basic public services facilities +0.933* Barrier-free 
areas/facilities 

C-The marital status factor FC = 0.843* Unmarried 
IDMD IDMD = 3.879*FA +2.328*FB +0.991*FC 

The value of each component is the sum of products of indicators (with a 
eigenvector ＞ 0.7). 

Fig. 3. The overall spatial pattern of IDMD in Tianjin (2020)  
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and a lower AICc (102.41) than GWR, indicating a better model fit. 
Different influencing factors have different heterogeneity and scale, that 
is, within a certain range, the effect size is similar, but beyond this range, 
the effect size is significantly different. The MGWR model produced a 
vector of optimal bandwidths that described the spatial scale at which 
each structural factor in the model varied (Table 4). One way to interpret 
these results is as follows: (1) The bandwidth of %Female was 237, 
indicative of a global-scale variable that exhibits minimal spatial het-
erogeneity. (2) The bandwidths of %Aged 41–59, %Mental, %Speech 
scales were 179, 152, and 128 respectively, suggestive of regional-scale 
variables that were relatively stable spatially. (3) %Aged 18–40, %Vi-
sual, %Limb, and %Intellectual were local-scale variables accounting for 
27%, 24%, 15%, and 18% of the total sample size respectively. This scale 
is close to the district level suggesting that once the scale is exceeded, the 
coefficient would change dramatically, and that IDMD values were 
sensitive to these variables. 

The mean coefficients for each structural determinant in the sub- 
districts in each of the three areas (urban centre, fringe and rural) 
were calculated for the purpose of comparison (Table 5). ANOVA tests 
indicated that the mean coefficient values differed significantly between 
the three areas, as reflected by small p values. Higher mean coefficient 
values indicate the sub-districts which are most vulnerable to 

deprivation due to a positive or negative contribution from structural 
disability factors. As shown in Table 5, %Visual and %Limb were 
structural determinants throughout the whole municipality, whereas % 
Aged41-59 and %Aged18-40 were significant structural determinants in 
the urban centre, %Aged18-40 and %Intellectual were structural de-
terminants in the urban fringe, and %Intellectual was the strongest 
structural determinant in rural areas. 

In terms of gender structure, the average coefficient of %Female was 
− 0.059, indicating a significant negative impact on IDMD. This result 
showed that disabled women were less deprived than men. It high-
lighted the disadvantaged status of men, in contrast to most previous 
studies which showed women suffered higher levels of deprivation 
(Trani et al., 2018; Clausen & Barrantes, 2020; Mónica et al., 2020). The 
impact of gender structure was clearest in eastern urban fringe areas 
(− 0.057) of the municipality (Fig. 5a) where the urbanisation growth 
rate has reached the highest level in three decades. 

In terms of age structure, the working age groups (%Aged 18–40 and 
%Aged 41–59) both had a significant positive impact on IDMD. The 
result supports the findings of previous studies that identify working age 
disabled people as an economically vulnerable population with a high 
probability of experiencing poverty (She & Livermore, 2007). The mean 
value and standard deviation of %Aged 18–40 were 0.163 and 0.065 
respectively, and that of %Aged 41–59 were 0.123 and 0.024. The 
younger working age group had a slightly larger impact on IDMD and 
showed more regional differences (Fig. 5b & c). The high-value areas of 
%Aged 18–40 were in the urban fringes (0.156) and neighboring rural 

Fig. 4. The LISA cluster map for IDMD in Tianjin (2020)  

Table 4 
Summary statistics of global OLS model and bandwidths.  

Variable Coefficient St. Error t-Statistic p VIF Bandwidth  

Dependent Independent GWR MGWR 

IDMD Intercept − 3.430 0.103 − 33.285 0.000  68 43 
%Female − 0.871 0.276 − 3.150 0.002 2.293 68 237 
%Aged18-40 3.269 0.316 10.320 0.000 1.156 68 83 
%Aged45-59 1.124 0.358 3.136 0.002 2.877 68 179 
%Visual 2.843 0.322 8.829 0.000 1.964 68 74 
%Limb 3.138 0.246 12.755 0.000 3.875 68 56 
%Mental 1.555 0.413 3.766 0.000 1.243 68 152 
%Intellectual 8.131 0.655 12.401 0.000 1.797 68 47 
%Speech 5.480 1.456 3.761 0.000 1.193 68 128  

Table 5 
Mean coefficient values in the three areas of the municipality.  

Independent 
Variable 

Sub-district type (number of significant 
units) 

Variance 

Urban 
centre (61) 

Urban 
fringe 
(107) 

Rural 
(145) 

F value P value 

%Female − 0.032 (29) − 0.057 
(76) 

− 0.058 
(18) 

35.030 0.000** 

%Aged18-40 0.156 (54) 0.263 (90) 0.095 
(120) 

20.321 0.000** 

%Aged45-59 0.160 (61) 0.183 
(107) 

0.050 
(145) 

7.430 0.001** 

%Visual 0.270 (31) 0.400 
(106) 

0.560 
(141) 

99.180 0.000** 

%Limb 0.312 (33) 0.630 
(107) 

0.712 
(145) 

206.857 0.000** 

%Mental Not 
significant 

0.090 (4) 0.150 
(50) 

120.324 0.000** 

%Intellectual 0.090 (61) 0.232 
(107) 

0.560 
(145) 

36.221 0.000** 

%Speech Not 
significant 

0.086 (58) 0.236 
(61) 

40.913 0.000** 

Note: the number (e.g. 29) in the bracket means the total number of units sig-
nificant at 5% level. 
*p < 0.05 **p < 0.01. 
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(0.195) sub-districts, while that of %Aged 41–59 were mainly clustered 
in urban centre (0.160) and urban fringe (0.183) sub-districts. This in-
dicates that these two age groups in these areas experienced the highest 
level of deprivation. 

Five of the six disability types had a significant positive impact on 
IDMD. The order of their relative influence was: %Limb > %Intellectual 
> %Visual >%Speech >%Mental. The results supported Trani et al. 
(2015) and Clausen and Barrantes’ (2020) conclusions that people with 
intellectual and speech disabilities had a higher incidence of depriva-
tion, but did not concur with Bella and Dartanto (2018) or Pham et al.’s 
(2013) conclusions that people with visual disabilities were the most 
vulnerable. The differences in the results were probably due to varia-
tions in stigmas associated with different disability types in different 
countries (Trani et al., 2015), and the impact of existing policies towards 
group-specific disabilities (Clausen & Barrantes, 2020). The impact of 
visual disabilities on deprivation was much higher in remote rural 
(0.560) areas in the northern corner of the municipality, than it was in 
urban centre sub-districts (0.270) (Fig. 5d). The mean coefficient of % 
Limb was 0.557, the highest of all disability types. High values occurred 
in all areas of the municipality (urban fringe 0.630; rural 0.712) with the 
exception of most urban centre (0.312) sub-districts where its impact 
was marginally significant (Fig. 5e). %Mental had a significant positive 
impact on IDMD, but the lowest impact of all the disability types, and its 
significance was limited to northern rural areas (0.150) of the munici-
pality (Fig. 5f). The impact of intellectual disabilities showed a pattern 
of concentric bands across the municipality. The impact was low in the 
urban centre (0.120) and the new national industry district but 
increased in the urban fringe (0.232) and rural areas (0.560), then 
decreased again in the northern, rural extent of the municipality 

(Fig. 5g). The coefficient of %Speech ranged from − 0.103 to 0.362. Its 
significance was concentrated in the urban fringe (0.086) and rural areas 
(0.236), with particular impact in the midnorth rural area (Fig. 5h). 

All determinants exhibited significant spatial non-stationarity in 
their contributions to IDMD, and the urban-rural disparity was evident. 
There was little impact of disability on deprivation in the urban centre 
whereas most structural factors of disability increased deprivation in 
rural areas. The urban fringe region showed different patterns, espe-
cially in the new national industrial district in the east of the munici-
pality. This could be explained by the high concentration of 
manufacturing industries in this area which provide ample employment 
opportunities to people with intellectual or speech disabilities. 

5. Discussion 

5.1. Gender: informal employment and marriage exclusion in the urban 
fringe 

Our results showed that disabled men were more deprived than 
disabled women, particularly in urban fringes. One possible explanation 
is the prevalence of informal employment in this area, which is associ-
ated with a low-income, low-capital, low-skilled, self-employed, and 
poor workforce (Hong, 2013). Informal employment is also more likely 
to create physical and mental health problems (Carles et al., 2010). 
Disabled people for whom low-income and informal employment op-
portunities are prevalent, self-employment serves as a practical alter-
native to formal work or employment (Ebuenyi et al., 2019). Rapid 
urbanisation in developing countries, particularly during early phases of 
industrialization, has created informal employment for the majority of 

Fig. 5. The impact of structural factors of disability on IDMD.  
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rural workers, especially those who live in the urban fringes (Elgin & 
Oyvat, 2013; Huang, Xue, & Zhang, 2016). Among rural migrant 
workers, men account for a larger proportion of the informal workforce 
because fewer employment opportunities are available to women 
(Cuevas, 2009; Kantor, 2009). In addition, gender inequality among 
disabled people is more likely to occur in low-income countries, espe-
cially during the downturn in the informal economy (Ebuenyi et al., 
2022). Liu and Li (2007) pointed out that the majority of the male rural 
workforce had low levels of education and tended to be employed in 
architecture, transport, and other manual labour industries. As a result, 
disabled men find it harder to enter or re-enter the workforce, resulting 
in their poverty and deprivation. 

Marital status showed the largest gender difference and a huge 
urban-rural disparity. Disabled men in rural areas are subject to greater 
social stigma as a result of their illiteracy and lower socioeconomic 
status (Awasthi et al., 2017). This may, in part, be explained by the mate 
preference of rural residents, which is deeply influenced by the tradi-
tional beliefs that husbands should take greater responsibility for earn-
ing money and supporting their family (Bianchi et al., 2000; Yu & Xie, 
2015). The fewer employment opportunities and lower incomes avail-
able to disabled men make them less desirable as husbands. Secondly, 
having a new house and being able to afford marriage expenses, 
including housing costs, bride-price, and marriage banquet expenses, is 
a key indicator of male economic status in China (Yu & Xie, 2015). 
However, this is beyond the reach of many rural men, particularly 
disabled men. Although these marriage customs are unique to China, it 
is widely recognized that economic status, represented by occupation, 
played a more important role in men’s marital status than women’s 
(Koball, 2004; Larson, 1988). It is worth noting that disabled men in 
urban fringes are at higher risk of being excluded from marriage due to 
both traditional mate preference and the higher costs of marriage, 
especially as urban commercial housing is more expensive than rural 
self-built housing. 

5.2. Age: relative deprivation among working-age disabled people in the 
urban centre and urban fringes 

Our results showed that working age disabled people face the most 
economic disadvantages and highest levels of social stigma. We explain 
this by comparing other age groups. According to Tianjin Disability 
Database in 2020, 75% elderly disabled people became disabled after 
the age of 60. This statistic from individuals with certificated disabilities 
is consistent with the Chinese statistics that the life expectancy of per-
sons with mild disability is 62.5 years and 42 years old for those with 
severe disability (Zheng & Chen, 2011). It reveals that people who 
become disabled during their working life or school age are much less 
likely to survive into older age. The much shorter average life expec-
tancy of disabled people, and the life expectancy gap between disabled 
and non-disabled people, were also evidenced in many other countries 
(Thomas & Barnes, 2011; Bahk et al., 2019). For the majority of elderly 
disabled people who have not been disabled during their working years, 
their education, training, employment, and other opportunities to 
accumulate capital have not been affected by their disability, and they 
have been able to build families that care for them in older age (Mont & 
Nguyen, 2018). Disabled people of school age are supported by their 
parents and do not yet need to confront employment and mate-choice 
problems. Whilst it is acknowledged that their family may suffer from 
material and mental stress (Dyson, 1997) but this was not measured in 
this study. 

From the perspective of spatial heterogeneity, the urban centre and 

urban fringe areas were associated with high levels of deprivation. 
Mónica et al. (2020) demonstrated a “Disability and Development Gap” 
phenomenon whereby disabled people are left behind by public policies 
in developed regions and countries. This may be because disabled peo-
ple are more likely to suffer relative deprivation. Relative deprivation 
refers to an individual’s feeling of economic inequality compared with 
his/her reference group (Walker & Smith, 2001). Since both labour 
market competition and marriage costs are higher in developed areas, 
disabled people are relatively more vulnerable. Furthermore, the costs 
associated with a basic quality of life are higher in affluent areas. 
Therefore, disabled people of working age are less likely to be able to 
support a family and more likely to rely on welfare benefits and assis-
tance programs. 

5.3. Disability type: impact of environment and disability type on 
deprivation in rural areas 

The spatial analysis of deprivation showed a remarkable urban-rural 
gap for all disability types, with rural disabled people facing higher 
levels of deprivation. One of the key explanatory factors is the envi-
ronmental differences between rural and urban areas. For example, 
residential environments in urban areas provide more convenient ser-
vices and comfortable living conditions for disabled people. The 
dichotomous urban-rural system in China has contributed to long-
standing disadvantages in rural areas (Sicular et al, 2008; Yuan et al., 
2018). The effects of economic structuring (Giles, Park, & Cai, 2006)() 
and housing reform (Chen et al., 2011) implemented in the late 1990s 
have lasted well into the new century. The household registration 
(hukou) system has also resulted in the non-transferability of social 
welfare benefits and public services for rural migrants (Bosker et al., 
2018). 

Another key explanatory factor is the difference in the causes of 
disabilities in urban and rural areas. The prevalence of different types of 
disability and the age of disabled people are strong related to other 
spatially variable factors, such as rates of epidemic disease and socio-
economic conditions. For example, limb disabilities in urban fringe and 
rural areas are mainly caused by occupational injuries, traffic accidents 

Fig. 6. The proposed framework for understanding the structural inequality 
and regional disparity of disability-related deprivation. 
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and infectious diseases (Poliomyelitis) and frequently affect young 
adults (Salminen, 2004) and children (Kumar et al., 1991). Acquiring a 
disability at a young age is likely to incur education, employment and 
marriage discrimination. However, in urban areas cerebrovascular dis-
ease is the primary cause of limb disability and frequently occurs in the 
elderly (Prince et al., 2015), who are beyond school, working and 
marriageable age. Furthermore, they may have children who could 
provide material and emotional support. The incidence of factors 
causing intellectual disabilities also differ between urban and rural 
areas. There is a higher disability rate in children in rural areas, and the 
most common causes are congenital rather than acquired (Christianson 
et al., 2010; Wellesley et al., 2010). However inadequate attention to 
care needs, lower levels of health promotion, and more difficulties 
accessing quality health care services in rural areas place limits on early 
rehabilitation of intellectual disabilities (Mirza et al., 2010). A similar 
situation occurs with speech, visual and mental disabilities (Phillips 
et al., 2009; Zheng et al., 2008). 

Based on the findings from this empirical study in Tianjin, a con-
ceptual framework for understanding the structural inequality and 
spatial disparity of disability-related deprivation is shown in Fig. 6. 
Group- and region-specific disabled populations are faced with differ-
ences in disability stigmas, physical and social environments, and 
assistance policies and welfare benefits. These economic, social and 
environmental differences contribute to the spatial variability of 
disability-related deprivation at the area level. 

6. Conclusions and policy implications 

Using disability census data this study has developed an Index of 
Disability-Related Multiple Deprivation (IDMD) that identifies the 
spatial disparity and structural determinants of disability-related 
deprivation in Tianjin in 2020. The major findings from the spatial 
analysis results of PCA, LISA and MGWR can be summarized as follows. 
First, the conceptual basis of IDMD is broader than other deprivation 
indices because it includes economic status, social exclusion, and envi-
ronmental accessibility in the deprivation domains. The LISA analysis of 
IDMD revealed that left-behind disabled people in rural China have not 
been paid the same attention by planning and government stakeholders 
as left-behind migrants’ children (Fang & Shi, 2018) or the elderly (Liu 
et al., 2014) during the rapid process of urbanisation. Also, the signifi-
cant disparity in disability-related deprivation between urban and rural 
areas adds a new dimension to debates on the relative merits of 
urbanisation-driven development (Yuan et al., 2018). 

The results revealed the presence of structural inequalities in 
disability-related deprivation, driven by gender, age, and disability type. 
(1) A higher proportion of women in the disabled population was 
associated with a lower IDMD in the urban fringe. It was suggested that 
disabled men face greater gender inequality in terms of marriage 
(Kohrman, 1999) and employment opportunities (Kantor, 2009). (2) 
Working age disabled people, being more economically vulnerable, had 
a greater probability of suffering relative deprivation than other age 
groups in urban areas due to fiercer competition for jobs and higher 
living costs (Saracoğlu & Roe, 2019). (3) People with intellectual and 
limb disabilities were the most disadvantaged among all disability types, 
and those in rural areas experienced greater deprivation due to the 
disparity of factors leading to disability and the availability of accessible 
environments (Zhang & Fu, 2020). These results can be explained by the 
stigma associated with disabilities in particular social and cultural 
contexts (Mitra et al., 2013), physical environment differences resulting 
from particular social-economic development histories (Grisé & Boisj-
oly, 2019), and specific disability policies and welfare provisions 

(Stapleton et al., 2006). 
The multiscale effect of the structural determinants of disability- 

related deprivation was measured at three scales: global, regional, and 
local. Four structural determinants (%Aged18-40, %Visual, %Limb, and 
%Intellectual) exhibited local influences on IDMD, implying the need for 
a corresponding intervention policy at the sub-district/district scale. 
Three structural determinants (%Aged41-59, %Mental, and %Speech) 
demonstrated regional influences on IDMD in urban, urban fringe, and 
rural areas. This suggests region-specific policies are needed to tackle 
urban and rural related deprivation. Only one structural determinant (% 
Female) had a global impact on IDMD, suggesting that a gender-specific 
intervention throughout the whole municipality is required to tackle 
gender related aspects of deprivation in the disabled population. 
Generally, these findings highlight the importance of heterogeneous 
policies and interventions at multiple scales to effectively reduce 
equality, rather than a homogeneous ‘one rule for all’ (‘yidaoqie’ in 
Chinese) approach (Cheng, 2022). 

These findings contribute to the development of the poverty geog-
raphy of disability which seeks to understand the geographical patterns, 
distribution characteristics, and areal types of poverty faced by disabled 
people, taking particular account of deprivation associated with 
impairment and disability in the context of an ableist society (Haveman 
& Robert, 2000, pp. 995–1051; Zhou & Liu, 2019). Firstly, this study 
offers an additional validated conceptual framework for assessing the 
spatial relationship between poverty and patterns of disability preva-
lence, disabled population growth, disability types, cause factor of 
disability, and disability level. 

Secondly, the results showed, perhaps surprisingly, that disabled 
women were less deprived than men. This reflects the predominance of 
male-oriented informal employment opportunities (Huang et al., 2016), 
and the exclusion of disabled men from marriage as a result of tradi-
tional family roles (Artazcoz et al, 2004) and specific Chinese traditional 
marriage customs (Liu, 2017). Previous research has addressed the 
motivations (Huang & Zhang, 2017), functions (Loayza & Rigolini, 
2011), income (Xue et al, 2014) and health impact (Ruiz, Vives, Mar-
tínez-Solanas, Julià, & Benach, 2017)) of informal employment. This 
study found that informal employment causes disability in working age 
males who are living in urban fringes and rural areas. In terms of mar-
riage exclusion, the results of this study are consistent with previous 
research in showing that disabled men find it especially difficult to find a 
spouse (Kohrman, 1999), particularly in urban fringes. These findings 
suggest that feminist geography should consider the influence of 
disability on gender inequalities. The concept of intersectionality, which 
encourages consideration of how gender and disability may combine to 
create specific forms of deprivation, is likely to have relevance in future 
research (Valentine, 2007). 

Thirdly, in relation to the “Disability and Development Gap” (e.g. 
Banks et al., 2017; Pinilla-Roncancio & Mónica, 2017), the results of this 
study provide evidence of the relationship between disability and 
city-scale socio-economic development. Working age groups were 
significantly influenced by the pattern and level of socio-economic 
development, which highlights the relative deprivation experienced by 
disabled people in specific areas and at different life stages. 

The empirical evidence from this study has several implications for 
planning and urbanisation policies, with particular relevance to the 
disabled population. Firstly, high quality employment opportunities 
should be made available to working age disabled men and tax reduction 
policies for employers of disabled people should be better publicised and 
promoted. Secondly, social innovation policies that encourage a 
disabled-friendly social climate should be applied to tackle marriage 
exclusion. Thirdly, additional disability-adapted public services and 
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facilities should be equalising developed in the new-type urbanisation 
stage of China (Gu et al., 2022). Furthermore, reforming the household 
registration system and improving the welfare available to rural regis-
tered households, such as medical insurance and pensions, would help 
improve the quality of life of rural disabled people. 

The study has reported some significant results, but it was not 
without limitations. A major limitation is that, despite our attempt to 
capture a full picture of disability-related deprivation, the use of regis-
tration information of disabled people in Tianjin Disability Database 
limited the number of domains and indicators that could be included. It 
is therefore recommended that local organisations and policy makers 
include more questions, such as disabled people’s subjective perceptions 
of society and family, into local disability surveys in future. Further-
more, this case study applies to the political, socio-economic and envi-
ronmental context of Chinese mega-cities at a specific stage of rapid 
urbanisation. Findings are likely to vary in different contexts. As such, 
national or international comparative studies would help inform urban 
theories of disability-related planning and governance. China’s urban 
development has expanded rapidly since economic reform started in 
1978. Understanding temporal variations in spatial disparity and 
structural inequality will be essential for understanding the impacts of 
urbanisation on disability. Future studies would benefit from using 
temporal data sets. Finally, disabled people are, to a large extent, sup-
ported by their families in terms of education, rehabilitation and care. 
Future measures of disability-related deprivation should incorporate 
familial support. 
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Fig.A1. Spatial distribution of the percentage of disabled people in different gender groups   
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Fig. A2. Spatial distribution of the percentage of disabled people in different age groups   
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Fig. A3. Spatial distribution of the percentage of disabled people of different disability types   
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Fig. A4. Spatial pattern of the components of MDID (A-The employment and education factor; B-The accessibility factor; C-The martial status factor)  
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disability in extreme poverty in Peru: How is their access to health care? PLoS one, 13 
(12), Article e0208441. 

Fotheringham, A. S., Brunsdon, C. F., & Charlton, M. E. (2002). Geographically weighted 
regression: The analysis of spatially varying relationships. 

Fotheringham, A. S., Yang, W., & Kang, W. (2017). Multiscale geographically weighted 
regression (MGWR). Taylor and Francis, Great Britain. 

Giles, J., Park, A., & Cai, F. (2006). How has economic restructuring affected China’s 
urban workers? The China Quarterly, 185, 61–95. 

Goli, A., Kermany, F. S., & Askarian, M. (2014). Spatial prevalence of intellectual disability 
and related socio-demographic factors in Iran, using GWR: Case study, 2006. 
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