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Abstract—The alignment, small-scale transitions and 
characteristics of buildings, streets and open spaces constitute a 
heterogeneous urban morphology. The urban morphology is the 
physical reflection of a society that created it, influenced by 
historical, social, cultural, economic, political, demographic and 
natural conditions as well as their developments. Within the 
complex urban environment homogeneous physical patterns and 
sectors of similar building types, structural alignments or similar 
built-up densities can be localized and classified. Accordingly, it 
is assumed that urban societies also feature a distinctive socio-
economic urban morphology that is strongly correlated with the 
characteristics of a city’s physical morphology: Social groups 
settle spatially with one’s peer more or less segregated from other 
social groups according to, amongst other things, their economic 
status. This study focuses on the analysis, whether the static 
physical urban morphology correlates with socioeconomic 
parameters of its inhabitants – here with the example indicators 
income and value of property. Therefore, the study explores on 
the capabilities of high resolution optical satellite data (Ikonos) to 
classify patterns of urban morphology based on physical 
parameters. In addition a household questionnaire was developed 
to investigate on the cities socioeconomic morphology.  
 

I.  INTRODUCTION 
More and more people are living in cities. According to the 

latest United Nations’ projections, virtually all of the world’s 
population growth over the next 30 years will be absorbed by 
urban areas. During 2007, for the first time in history of the 
world, the proportion of the population living in urban areas 
exceeded 50 per cent [1]. Especially the observed dynamics –
reflected in rapid spacious sprawl, changing urban morphology 
and socioeconomic patterns – need new ideas for sustainable 
planning and management issues. Thus, a paradigm shift from 
singular research perspectives to value-adding inter- and 
transdisciplinary perspectives has to take place for a more 
holistic understanding of urban systems.  

Remote sensing generally enables direct measurements of 
the earth’s surface and the spatial distribution of its physical 
objects. Social science is generally more concerned with why 
things happen than where they happen [2]. “Socializing the 
pixel” is to take remote sensing imagery beyond this use in the 
applied sciences and toward its application in addressing the 
concerns of the social sciences [3].  According to [4], 

"Integrating social science and remote sensing will require the 
fusion not only of data, but also of quite different scientific 
traditions." The integration of both disciplines in our study 
aims at extending research for multidisciplinary perspectives to 
analyze and understand complex systems like urban 
environments. Using the synoptic view from space that only 
remote sensing can provide we try to cover phenomena over 
large areas, thus broadening the scope of social science inquiry. 

The physical urban appearance is a reflection of the society 
that created it. Thus, an isolated analysis of social questions 
detached from geospatial questions does not do justice to the 
capabilities of the two research disciplines – remote sensing 
and social science. In this study we derive spatial contextual 
information on the urban anthroposhere – e. g. number of 
buildings, their shape, size and height or built-up density and 
vegetation fraction – from remotely sensed data. From the 
social sciences a field survey on 1000 georeferenced 
households has been conducted.  The hypothesis is based on 
the assumption that populations living in urban areas showing 
almost similar physical housing conditions will have 
homogeneous social and demographic characteristics [5] [6] 
[7] [8] [9]. The integration of different disciplines aims at the 
above mentioned value-adding by synergistically using the 
capabilities of both perspectives. Thus, this study focuses on 
the question how remote sensing might inform social surveys 
and how social surveys might inform remote sensing. 

II. STUDY AREA AND DATA SETS    
Padang is the capital city of the Sumatera Barat province (West 

Sumatra), and with almost one million inhabitants the third 
largest city on the island Sumatra, Indonesia. Padang features 
supra-regional relevance with an international airport, a port as 
well as binding to the rail network. Furthermore, the city 
possesses an important economical role for the coastal region 
and the mountainous back-country. The multi-faceted 
functions of the large city are also reflected in a very 
heterogeneous physical urban appearance.   

The analysis of small-structured, heterogeneous and 
dynamic urban environments requires high resolution satellite 
data. Ikonos imagery features four spectral bands (blue, green, 
red, nir) and a geometric quality of 1 m for the panchromatic 
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band, 4 m multispectral, and 1 m pan-sharpened. Fig. 1 shows 
the diverse heterogeneous structure of the coastal zone in 
Padang and the local differences in urban morphology. 

A field survey was conducted in the city of Padang to obtain 
information on socioeconomic parameters of the population. 
This study focuses on two parameters enquired from the 
questionnaire: Income and value of the property. The income 
was queried based on four predetermined categories in 
accordance with the minimum standard salary 2008 of the 

province West Sumatra 800.000 Rupiah per month [10]  
starting with income per month lower than 800.000 Rupiah 
(circa 60 Euros), between 800.000 and 1.600.000 Rupiah, 
between 1.600.000 and 4.000.000 Rupiah and more than 
4.000.000 Rupiah. The surveyed buildings were selected by 
reason of five different attributes to cover the spatial and 
thematic spectrum of urban morphology: 

(i) the geographical location; close to the beach, city centre, 
interior areas and suburbs; 

 
Figure 1.  Ikonos imagery of Padang, Indonesia,  pre-classification of socioeconomic differences and  distribution of  1000 surveyed  buildings
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(ii) socioeconomic disparities; data at Desa- (village) level 
were available to analyse socioeconomic large-area 
clusters in the city based on dependency ratio, average 
household size, economic diversity, primary education, 
poverty rate [11] [12]; 

(iii) physical building types; disparities in building types – 
defined by size and height using the classification results 
from the Ikonos data;  

(iv) function of the building; residentially, mixed or 
commercially used;  

(v) per selected Desa area 60-120 sample buildings were 
consulted; to have a large population per district available. 
However, the sample size was reduced during 
implementation due to various reasons – e. g. due to 
inaccessibility or people refusing to answer – to 49 – 119 
per Desa that make a total number of surveyed buildings 
of 933.    

Thus, the distribution of surveyed buildings was systematic to 
cover the complete spectrum different physical and 
socioeconomic components within the urban landscape of the 
city. The selection and distribution of survey samples clearly 
benefits from remote sensing data and results. Fig. 1 displays 
the distribution of the selected buildings.  

III. METHODOLOGY  
A land cover classification derived from the high resolution 

Ikonos image provides area-wide and up-to-date knowledge 
on the urban environment. With a combination of an 
automatic object-oriented methodology [13] [14] and 
subsequent manual enhancement the accuracy of the results is 
97 %. This product displays the basic information to know 
‘what’ is ‘where’ within the complex urban landscape. The 
results are eight classes —‘individual houses’, ‘streets’, 
‘sealed areas’, ‘grassland’, ‘trees’, ‘wetland’, ‘bare soil’, and 
‘water’—  mapping highly detailed urban morphology. Thus, 
the capabilities of the available remote sensing data sets 
enable an analysis of the urban morphology on house / block 
level.  

We use the land cover classification to calculate physical 
parameters classifying the urban structure. The street network 
structures the urban landscape into blocks. The ratio of area of 
buildings to area of the particular block results in built-up 
density. The building height is derived through an intersection 
of the building mask with the calculated elevation difference 
between the Digital Surface Model (DSM) and the Digital 
Terrain Model (DTM) [15]. We assessed the number of stories 
per building calculating the average of available height points 
per building resulting in an accuracy of 86.7 %. Furthermore 
individual building sizes are calculated and in addition, 
average building sizes for particular blocks are derived [16].  

Using theses physical urban morphology parameters a 
semantic classification has been performed. The idea of 
semantic classification aims at a first assumed interrelation 
between physically homogeneous sectors within the complex 
urban morphology and the socioeconomic characteristics of 
people residing there. The combination of the area-wide 

available statistical physical parameters describing the 
building stock of Padang per sector – built-up density, average 
house size, average building height, location – enables to 
identify physically homogeneous areas. This approach for 
semantic classification is generic, aiming at transferability on 
any urban area throughout the world with similar physical 
parameters available. Therefore, we used descriptive statistic 
values as Quartile (Q1, Q3), Median (Med) or Mean (M) to 
subdivide the different classes. The six resulting semantic 
classes are defined by the following statistical borders. An 
example, we classify ‘slums’ using built-up density values 
higher than the third quartile (Q3) of the complete spectrum of 
the built-up density values classified in Padang. Analogous, 
the buildings of slums are assumed to be smaller than Q3 and 
lower than Q1 of the particular spectrum of values classified 
for the city of Padang. Utilizing these statistical parameters the 
classification is not affected by cultural or regional characters 
of urban morphology occurring worldwide. With respect to 
this methodology, only the semantic nomenclature has to be 
adjusted on the particular structures and locations.  

Terminology of the semantic classes is based on housing 
quality and location. The housing quality is assumed to be 
higher with rising building size or height and lower built-up 
density. We classify six different semantic classes – ‘slums’, 
‘suburbs’, ‘low class areas’ (LC), ‘middle class areas’ (MC) 
and ‘high class areas’ (HC). For every semantic class we 
assume typical physical conditions. As an example, slum areas 
are defined by the highest built-up density measured within 
the urban environment with mostly one storey buildings, with 
the smallest buildings sizes. With the nomenclature ‘slum’ the 
classification by solely physical parameters sets a first hint in 
the direction of assumed socioeconomic relevance.  

A city is the physical and architectonic reflection of the 
society that created it. Thus, a change in urban morphology is 
assumed to involve altering socioeconomic or demographic 
characteristics. The main idea is therefore based on the 
assumption that semantic classes defining physical urban 
structure zones correlate with field work information on 
socioeconomic parameters. If a correlation between semantic 
classes and socioeconomic parameters becomes apparent, 
extrapolation of the punctual survey results would become 
possible for an area-wide assessment of the whole city of 
Padang.  

The analysis if the socioeconomic parameter derived from 
the survey correlate with the semantic classification result 
from remote sensing data is two fold: First of all we test if the 
complete 1000 surveyed buildings show a basic interrelation 
with the classification based on the physical parameters and its 
subsequent semantic assumptions (1). Therefore we use the 
average values for the particular socioeconomic parameter for 
every semantic class as well as the standard deviation as a 
measure of homogeneity within one semantic class. In a 
second step we analyse if certain semantic classes, like slums 
or low class areas, although located at different areas of the 
urban environment (e. g. at the coast close to the city centre or 
at a suburban area), show homogeneous socioeconomic 
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parameters (2). Therefore we use location-based analysis of 
the same semantic classes for testing homogeneity.  

IV. RESULTS 
The result of the semantic classification shows an allocation 

of 7 % slums, 19 % suburbs, 27 % low class, 46 % middle 
class and only 1 % high class areas for the complete building 
stock of Padang. The complete building stock contains 88.004 
individual buildings. Fig. 2 displays the semantic 
classification.  

The survey resulted in 445 households providing 
information on the assessed value of their property if they 
would sell it now. The missing households refused to answer 
or did not know the value of the property. 8.7 % of the 
households of the respondents are located in slums, 12.8 % in 
suburbs, and 22.0 % in low class, 52.8 % in middle class, and 
2.7 % in high class areas. In contrast 826 households from the 
interviewed households provided information on their income. 
7.6 % of the interviewed households are located in slums, 11.5 
% in suburbs, and 22.2 % in low class, 56.6 % in middle class 

Figure 2. Semantic classification and areal percentage for the building stock of Padang 
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and 2.1 % in high class areas. The distributions correspond to 
the frequency of occurrence of the semantic classes in Padang.  

As starting point we use Pearson’s correlation coefficient, 
which is a common measure to indicate the strength and 
direction of a linear relationship between the two variables –
income and value of the property. Thus, we see that both 
socioeconomic parameters, applied to all households providing 
information on both variables, have a low correlation of 0.21.  

At first we analyse if the income and value of property 
meets our assumptions made by the semantic classification 
derived from the physical parameters defining urban 
morphology. Fig. 3 displays the mean of the two 
socioeconomic parameters –income and value of the property– 
with respect to their membership to the semantic classes. It 
becomes apparent that the hypothesis that physical 
characteristics of buildings basically correlate with both 
income and property parameters. We observe that in the 
suburbs income and value of the property is lower than in 
slums, which are basically all near the city centre. Thus, we 
reason that the location also has a high impact on the 
socioeconomic parameters analysed in this study. We also 
notice that an improvement of the physical structures – the 
semantic classes ‘low class’ to ‘middle class’ – show higher 
income and value of property than the two previous classes 
and thus, confirm the hypothesis. The best physical structures 
– the semantic class ‘high class’ – contradict to the hypothesis 
with lower income and values of property than the middle 
class area.  

Figure 3. Mean value correlation of semantic classes and socioeconomic 
parameters 

In a second step we evaluate if individual semantic classes 
show homogeneity within themselves, or if the location of the 
classes plays a greater role on the socioeconomic parameter. 
Fig. 4 displays the statistical analysis of the different semantic 
classes in three different areas –a northern, central and southern 
area– within the urban landscape of Padang.  

We observe that the trend from the overall analysis is 
basically confirmed. In detail, the analysis shows that the 
classified slum areas as well as the classified suburb areas 

reveal lowest income values independent from their location 
within the urban landscape. We also found consistent rising 
income levels to the semantic classes ‘low class’ and 
subsequently to ‘middle class’ areas, and lower income for the 
‘high class’ is confirmed in the northern area, while for the 
central area we have no high class buildings. Interestingly, in 
the southern area we observe what was stated in the initial 
hypothesis – a rising income. This contradicts the overall 
analysis which showed decreasing incomes for ‘high class’ 
areas. The analysis of the ‘high’ semantic class generally has a 
high uncertainty, due to very small number of sample buildings 
with complete information and also the fact that some of these 
buildings were found to have other functions as merely dwelled 
houses (e.g. storage, school, etc.). Thus we state that this 
consistent homogeneity of socioeconomic parameters within 
semantic classes is not applicable for the high class areas and 
that the location has higher impact on the income level at this 
semantic class. 

Figure 4. Location-based mean value correlation of semantic classes and 
the socioeconomic parameter income and their standard deviation 

Figure 5. Location-based mean value correlation of semantic classes and 
socioeconomic parameter value of property 
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With respect to the parameter ‘value of property’ the results 
basically reveal higher values of the properties for the central 
area in Padang. The highest mean values of the properties in 
central Padang demonstrate this observation. As example, the 
properties in the slum areas are highly conform in the northern 
or southern parts of Padang. In comparison real estate values of 
similar structures in the center of Padang are 1/3 higher. Thus, 
we conclude that the location of the real estates has a much 
higher influence on the parameter ‘value of the property’ than 
on the income level of the people at the particular areas.  

V. DISCUSSION  
Extensive field surveys are highly time- and cost 

consuming. The combination of social science and remote 
sensing aims at identification of correlations between physical 
urban morphology and socioeconomic parameters in order to 
seek the potential of extrapolation and even spatial 
transferability of socioeconomic information on the whole 
area of a city or even across cities.  

The results in this study show, that the correlation between 
physical urban morphology and socioeconomic parameters of 
the people is basically given. The interdisciplinary approach 
contains many sources of error: The derivation of physical 
parameters of urban morphology from high resolution satellite 
data shows very high accuracies (cp. section. III.). However, 
misclassifications as well as natural limitations of remote 
sensing, like assessing wrong ground floors due to roof 
overhangs produce consequential errors. The idea of semantic 
classification based on statistical thresholds is a generic and 
transferable approach, but at the same time the determination 
of the thresholds still contains subjectivity. Also, the 
acquisition of field data contains various uncertainties. The 
large amount of surveyed buildings requires different people 
conducting the survey interpreting differently or 
misinterpreting the targeted location of the sample. This 
already influences ground truth data results. In addition, the 
interviewees had to assess the amount of people for a 
household or multiple households for larger buildings, which 
contains subjectivity of the individual asked person. Another 
aspect to consider is land or house ownership status that 
cannot be extracted through remote sensing analysis, e.g. we 
found out that some of the buildings classified as ‘high class’ 
were inherited from family or without certificate or traditional 
land. Especially with the parameter ‘value of property’ the 
subjective assessment of the interviewees showed a high 
variance.  

Independent from uncertainties funded from various sources 
of error, the study shows encouraging results. From it, 
extrapolation can now be calculated on the complete building 
stock of the urban landscape. This opens up a wide field of 
applications starting from the support in census questions to 
urban and regional planning or risk and vulnerability analysis. 
Within the current project [17], the area-wide physical urban 
morphology classification in combination with the 
socioeconomic parameters will be used for evacuation 
modelling [18].   

VI. CONCLUSION AND OUTLOOK  
This study shows that physical parameters of the urban 

landscape like building size, building height, built-up density, 
vegetation fraction or location clearly correlate with 
socioeconomic parameters, which were in our case ‘income 
per month’ and ‘value of the property’. It is interesting to link 
spatial data with qualitative information regarding the urban 
development, in order to interprete the socioeconomic 
characteristics as well as semantic classification in a more 
comprehensive manner.  Thus, remote sensing may provide a 
cost-effective method to reduce, but not replace, expensive 
ground data collection. Future analysis will aim at a clear 
identification if further socioeconomic parameters, like e. g. 
education level or age pattern, are also correlating with the 
physical urban landscape. Although to date, social scientists 
are sceptical that remote sensing can measure anything 
considered improtant in their fields of study, our first approach 
opens up a wide field of applications. Our study proves that 
socioeconomic parameters of the population have a strong 
spatial component and thus, the integration of remote sensing 
data and social science aims at interdisciplinary value-adding 
for applications like urban and regional planning or risk- and 
vulnerability assessment.  

The study was conducted for the Indonesian city of Padang. 
The question arises, if the identifed correlation between 
semantic classes and socioeconomic parameters will also be 
existent in other cities of Indonesia, or even throughout the 
world? Thus, future analysis also has to take transferability 
into account.  
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