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Abstract

Urban areas provide the living space for the majaf the world population. Well-being and healtithin urban
areas is influenced by environmental and socioemimeariables. To analyze the potential health niskities one
has to integrate multi-dimensional and multi-séafermation describing socioeconomic, environmeatad health-
related attributes. The aim of this paper is talgtihe urban health risk for different parts of tiy of Berlin using
a data-driven analysis approach. We focus on tkectien and exploration of correlations betweeniremmental,
socioeconomic and health-related attributes iniBeve showcase the further study of selected ttioas, includ-
ing the biophysical and socioeconomic burden ofagediseases, and their visual exploration usthgaaced geovi-
sualization.

1. Introduction

Urban health risk can only be analyzed by integgagocio-economic and environmental data, because
the impact of urban livelihoods on health and vieeling is strongly influenced by the characteristits
urban systems, such as densely built structurdslittie amount of green and open space, high @i
density, traffic, urban heat islands, air pollutetic. (Galea et al. 2005; Alberti, 2005; Frumki®2) In a
number of studies negative impacts of bioclimatress, noise pollution, and a general decreased env
ronmental living quality on the health status ofusban population have been identified (Patz e2G05).

On the other hand, urban livelihoods benefit frdra functions the urban ecosystem provides, such as
regulation of temperature and air pollution by vatjen (Whitford et al. 2001). Moreover, the positi
psychological impact of “nature in the city” in thieing area of urban residents has been showno(Laf
tezza et al. 2009). However, the analysis of tloplysical influences on urban livelihoods only eets

one part of the picture of the urban health riskatidition, strong positive correlations betweeaiso
economic factors and health status have been p{@wraarsinghe et al 2009).

Exploring local characteristics of urban livelihgoid their different health-relevant dimensions rbaya
promising approach to approximate the potentialthe&k. This is of particular importance sinceatik

data usually is available only on a coarse-graales@nd not on the detailed level of individudisuse-
holds, or neighborhoods. Furthermore, up to nowy little is known about the spatial distributiofthe
urban health risk driven by environmental pollutanmd resources and the correlation of these fawtibins

the socio-economic structure. Exploring and integgaall available data is particularly interestifai-
lowing the idea of environmental justice studieg).(&ruize 2009) — is the environmental burdenisf d
ease equally distributed over the social status® ddils for a comprehensive health risk analysipos-
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ing challenges on the integration of highly heteneous and often distributed data sets. Methodsh.
allow the integration of environmental data in atg&-temporal context by overcoming issues suc
heterogeneity in data types, differences in spatia temporal resolution, inaccuracies, multnearity
etc. need to be developed and applied. Furthermoditative, sen-quantitative, and quantitative irr-
mation have to be analyzed in a joint appro.

In this paper, we study the urban health risk féfecent parts of the city of Berlin, inuding the biophys-
ical and socioeconomic burden of diseases. We ats-driven analysis methods for the analysis of d-
ti-scale and multdimensional, large data séWe focus on (1) the exploration of correlationswassn
environmental, socioeconomic catmealth attributes in Berlin, (2) the identificati and further study ¢
selected relationships and important attributesdaiher analysis, and (3) the geovisualizationmofiti-
dimensional and mulscale information of health ris

2. Methods and M aterial

2.1 Study Area

We study the spatial patterns of health risk coinigitiophysical and socioeconomic vulnerability fioe
city of Berlin, the capital of Germany. Berlin hagopulation of about 3,400,000 inhabitants/800 &ndt
is divided in 12 districtef about 300,000 residents each (see Figur

Figure 1: Study area of Berlin, Germany, and soabmnalysis. Left: Berlin districts (1: Mitte,
FriedrichshairKreuzberg, 3: Pankow, 4: Charlottent-Wilmersdorf, 5: Spandau, 6: Steg-Zehlendorf,
7: TempelhofSchoneberg, 8: Neukélin, 9: Trept-Képenick, 10: Marzahiellersdorf, 11: Lichtenbert

12: Reinickendorf). Right: Mul-scale analysis: from district-level to bloteel, for the example ¢
Treptow-Kdpenick

The city of Berlin is one of the greenest citiesEarope, although, at the samme, it contains plenty
high-densely built areas. Major changes of urban lardhase taken place in Berlin recently, follow
the reunification in 1989. In the inner city coreew and larg-scale developments such as Potsd:
Platz, can be observed Whiat the same time a high number of brownfieldsaia. Thus, the city no
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shows a heterogeneous mixture of residential danehisding block-built housing structures, sociauke
ing estates and prefabricated constructions, siiagiély housing, and new housing developments, sich
townhouses.

Biophysical and in particular vegetation charastes of the urban living environment strongly deghe
on the dominant urban land use and building typéese show a very heterogeneous and fragmented
picture in Berlin. Parts of the inner core of Bertionsist, for example, of block-built structurelsiot are
characterized by high sealing degrees, only fewrgareas and high population numbers. High-rise pre
cast concrete slabs in Marzahn-Hellersdorf, orother hand, typically contain a large amount ofgrin
the immediate neighborhood.

At the same time, the urban fabric of Berlin detieas the development and proliferation of noisen&a

ly the noise-creating traffic patterns and the arbaundscape in which noise is proliferated. Afrarn

the noise pollution it is particularly the climaaed air quality that has a health-relevant imp#otim-
prove air quality and noise pollution (with theimate goal to become an ecological and healthy, Gity
environmental zone has been introduced to Berl20id8 which restricts access of motor vehiclesarsp

of the inner city depending on the technical stathaé the vehicle.

In Berlin, as in other European cities, social eggtion appears as a small-scale heterogeneoesnpatt
throughout the city. Pivotal transformations of 8ueial structure since the 1990s derive from [Bseg
such as suburbanization and socially selectiveatimns as well as from gentrification (HauRermand a
Kapphan 2000). The urban development index 200#ldped by the Berlin Senate Department, identi-
fies the most deprived living environments in formagest-Berlin inner-city areas, such as parts oftévi
and Neukdlln, and in high-rise areas in the eastathwestern outskirts of Berlin, such as Marz&tei;
nickendorf and Spandau. High social status groopghe other side, concentrate in gentrified nedghb
hoods of the inner-city, such as parts of Pankamvell as traditionally high-income neighborhoods o
the outskirts, such as Steglitz-Zehlendorf or Kdgen

2.2 Data

The available environmental, socio-economic andtihhekata are heterogeneous in terms of their dpatia
resolution, up-to-dateness, and units of measure(ser Table 1). Data shows spatially inhomogeneous
reference areas including grids and vector datthenevels of blocks, living environments (“Leberdw
tlich orientierte Raume”, LOR), planning environneif‘Planungsraume”, PR), and districts. Data was
acquired from different sources.

Table 1: Data used for our analysis. Explanatidgstahdardized Mortality Rate. 1 Derived from data on
unemployment, received social benefits and numbéoreign people. 2 Derived from social status and
mobility data. 3 The Predicted Mean Vote is used biclimatic indicator. 4 Sealing is assesseddigg
remote sensing classification. 5 Land use is ddfimeland use classes. 6 Land type is a pre-catatjor
land use classes. 7 Building structure type is ecifip definition of land use (different use- and
builditypes). 8 Vegetation assessed from remotsisgmata in proportion to total area of a LOR.

Nr. Date Entity Yeal Scale Unit Source
1 Social stat’ LOR 2007 | Ordina | Classe [1]
2 Social dynamic® LOR 2007 | Ordina Classe [1]
3 Criminality (reported crime: | District | 200¢ Ratic Crimes pel| [3]
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inhabitant
4 Foreign peopl District | 2004 Ratic % [4]
5 Adolescents Block 2008 Ratio % (< 18 years) [1]
6 Elderly Block 200¢ Ratic % (> 65 year: [1]
7 Population density Block 2008 Ratio People pef km[1]
8 Classified  (z-{ [1]
Bioclimate® Block | 200¢ | Ordina | scored PMV
9 Sealind Block | 200¢ | Ratic % [1]
10 Classified (M| [1]
Green area provision Block 2009 Ordinal per inhabitant)
11 Vegetation area fact’ LOR 200¢ Ratic % of arei Lab
12 Parks LOR 2008 Ratio % of area [1]
13 Playground: LOR 200¢ Ratic % of are: [1]
14 Land use Block | 2008 | Nominal | Text [1]
15 [1]
Land typé Block | 2008 | Nominal | Text
1€ Building structure typ’ Block 200¢ Nomina | Texi [1]
17 Mortality District | 2007 Ratio x/ 1000 inhab. [4]
18 Traffic accident District | 2007 Ratic x/ 1000 inhat [1]
19 Traffic Accidents (with in- [1]
jured people District | 2007 Ratic x/ 1000 inhat
2C Perceived childhood tes PR 2007 Ratic % [2]
21 Child adiposity (at age of ¢ | PR 2007 Ratic % [2]
22miw | Infection and parasitic dise¢ | District | 200( Ratic SMR* [5]
23 m/w | Neoformation District | 200( Ratic SMR [5]
24 m/w | Endocrine, nutritional- and [5]
metabolic dis. District | 2000 Ratio SMR
25 m/w | Mental and behavior disorc | District | 200( Ratic SMR [5]
26 m/w | Dis. of nervous system District 2000 Ratio | MRS [5]
27 m/w | Dis. of circulatory syste District | 200( Ratic SMR [5]
28 m/w | Dis. of respiratory system District 2000 iRat SMR [5]
28 m/w | Dis. of digestive syste District | 200( Ratic SMR [5]
30 m/w | Dis. of cutaneous and subcu- [5]
taneou District | 200( Ratic SMR
31 m/w | Dis. of geitourinary District| 2000 Ratio SMR [5]
32 m/w | Not classified findings af [5]
morbidity District | 200( Ratic SMR
33m/w | Injuries and poisonin District | 200( Ratic SMR [5]
34m/w | External causes for morbid | District | 200( Ratic SMR [5]
2.3 Method

To analyze potential health risk in Berlin, we dicgd and pre-processed data in raster and veatorato
from different sources. We analyzed all data sedaually to derive defined reference units, presise
mantics of fields, and metadata on the accuradheflata. We stored all records in a tabular foramat
linked it to its corresponding vector file usingragate keys. The vector files allow us to geocadd
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visualize the data in a geoinformation system (GT®)perform spatial data mining across differeratias
(see below), we then intersected all data setsangéingle table using topologic relations createdhe
GIS, in particular spal containment relationships. For the analysis,used two freely available de
mining tools, namely RapidMiner [6] and Weka (Wittet. al, 1999), and the freely available statid
software R. First insights on thematic patterns exidting correldions, positive and negative ones, w
achieved by calculating a correlation matrix. Werttapplied Naive Bayesian Classification on sete
correlated phenomena (Hoffmann and Mahidadia, 20E®jlly we visualized derived patterns al
sights using AcGIS (ESRI 2010)

3. Resultsand Discussion

We integrated the environmental, sc-economic and health data in one database and cethpai-wise
attribute correlations to explore patterns andedations in the dataset (aim ‘The correlation matrix
shows strong correlations between a variety of diffeegtributes

Correlation -0.59% Bl 1 000

i T T - RS-

1 2 3 4 5 & 7 & 9 1011 12 16 17 18 19 2021m  22m  23m 24m  25m  26m  2¥m  2Bm  2%m  30Om  Im  3IIm  I3m
First Attribute

Figure 2: Correlation matrix between environmergatic-economic and health data. See Tak
for attribute information.
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In particular, we are able to identify one clustbowing strong positive correlations between degfee
sealing, bioclimatic conditions, and population signas indicated by the circle in figure 2. Thisder-
lines that the urban environment heavily impactsutban climate which in turn exceeds a stronglibioc
matic health impact. Furthermore, there are a nurobenoderate correlations between social statas an
environmental data on the one hand and healthedce@dta on the other hand, pointing towards theimp
tance of this social indicator in relationship tovigonmental pollution and health (indicated by #reow

in figure 2, Kruize 2007). Health datasets in gahshow strong correlations to other health-relakaizh.

In the second step we identified and focused eilglion selected relationships and important atiigls
for further analysis (aim 2). We show the investegarelationships between the different dimensiains
datasets, namely socio-economic, environmentalhaatth-related in figures 3 and 4.

= Health 1 _:-—-—-—an—wr—l——".____-.-._..a;.-g, _—
> dimension < R 3~
_i___ -W
288 \ A
¢ Health risk “; |
Socio-economic ) L e
dimension
o — nvironmenta
- : b4l menion

Figure 3: Integrated dimensions of health risk¢kloise x/y axis): vegetation area factor and child
adiposity, sealing and bioclimate indicator, seplmd population density, social status and bicatiien
indicator, percentage of foreigners and mortabigs for diseases by gender.
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Furthermore, we receive new insights from visuafizNaive Bayesian classifications for the targetava
ble social status and calculate different densgtributions of health and environmental dimensions

..........

Figure 4: Social status in relation to: diseasesrofilatory system (male) and child adiposity (empp
figures); sealed surface and bioclimatic condiflower figures)
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For the very good, good and poor social statusetasirculatory system diseases show a similagityen
distribution. However, the status “very poor” isasiated to a clearly higher average number ofitzito-

ry system diseases per 1000 inhabitants (~335)milas observation holds for child adiposity, whibhs

a lower average for the very good social statussalehile the three other social status classes bigiver
rates. These results underline the unequal burfldis@ase across social status which has beerfiddnt

in other studies as well. In addition to these kn@henomena, we are also able to identify additiona
environmental burden of disease in social statassels. While direct causal inferences are of canrse
possible, it is the double burden of disease, nmggttie socioeconomic and environmental burden, lwhic
we are able to show with the correlation resultsvben social status and environmental burden of dis
ease. For the example of childhood adiposity tresums that we find very high rates in the very psmr
cial status class which comes along with a verfa lliggree of sealing and low amounts of green sipace
those areas linked to a poor social status. Omttiner hand, sealing is minimal in the class of vgogpd
social status (~20 %). We can clearly identifyrarsg relationship of the environmental burden ckdss-

es in different social status classes: very pooiasalasses are correlated with the worst biodiicneon-
ditions and, in contrast to this, a lower meanHigher variance is depicted for very good situgtedula-
tion. The latter might be due to the prevalent ardavelopment processes of suburbanization andi-gent
fication of higher income classes (see also Frun2ki@2). Very poor and poor social status classes ar
almost completely situated in unfavorable urbarclbiwatic conditions such as in densely built stooet
with high sealing rates, low vegetation availapifind with reduced air cooling.
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Figure 5: The multi-dimensional phenomena of urbealth risk.
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Visualisation of the results can help to show mdilthensional phenomena of urban health risk for the
whole city of Berlin (aim 3). Such a map allows gmarisons between different districts and may previd
new insights for decision-making, for example whedressing the increasing problem of childhood -obes
ity; a health risk where the strong correlationssé@ioeconomic and environmental determinants have
been described in other studies as well (Amarasireghal. 2009). We show that by integrating diffiere
vector and raster-derived data into a multi-scakdysis, new insights into aspects of environmejoisd

tice are possible, such as the higher risk of thérenmental and social burden of disease (Kru@72.
Particularly the freely available environmentaloimhation for risk analysis needs to be stresseatwhi
may be a good indicator for the potential healgik,riwhen considering that in empirical studies igec
and up-to-date health data is often lacking.

4. Conclusion and outlook

In this first stage of analysis we were able tovshioe multi-dimensionality of health risk in urbaneas
using data-driven techniques. On the basis of thessghts further research is needed to exploittee-
fits of spatial information by explicitly integraty topology and exploring multi-scale effects ofiemn-
ment and socioeconomic data on health. Aboveudliyé work will also focus on a more detailed asely
in terms of spatial resolution, such as urban rimgmoods, to provide the necessary informatioridoal
urban health risk strategies.
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