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1 ABSTRACT

Cities worldwide cover only 2 % of earth's surfdeg spend almost 75 % of the world's energy ressurc
(Gago et al. 2013). The emission of heat and thetstre of built-up areas can increase the phenomeh
urban heat islands (UHI), which highly infects thell-being of all inhabitants. Future work will fos on
monitoring capabilities to manage the developmeitudan settlements. The study investigates the
relationship between urban density indices and kurface temperature (LST) using multi-sensor remot
sensing data. All processing steps are performedhi® City of Cologne, Germany. The input data are
consisting of high resolution multi-spectral Ikonosagery, as well as an object height model, ddrivem
Light Detection And Ranging (LIDAR) data and thetnrd@ormation, provided by the Landsat 7 satellite
mission. The first working step, the derivatiorsof land cover (LC) classes, is based on a geograjfect
based image analysis (GEOBIA) approach. Thereldi2AR and pan-sharped lkonos data with a spatial
resolution of one meter are used. In a second ste@, based on the extracted LC and object height
information, existing and new measures of urbarsifigiare computed, that take into account the boté&
and/or vertical characteristics of a city. All mesess are separated into single object related seadralated
indices, depending on the basis of calculation. Sigaificance of different Areas of Interests (AGlje
analyzed and compared for area related indicesll¥irthe correlation between multi-temporal LSTtada
derived from Landsat Enhanced Thematic Mapper (E)JlM#d each indicator is calculated with regard to
their dependency on the predominant type of urbad use (LU) and the acquisition date (seasonhef t
Landsat ETM+ data.

2 INTRODUCTION

Urban structure and land cover affect the city atienand thus the well-being of their inhabitantsJ et al.
2007:232). Furthermore, certain land cover anddingl types reduce or intensify temperature (Fragtcil.
2013:170, Jusuf et al. 2007:232). Especially boddi with closed forms e.g. block development, high
number of floors and narrow roads, interfere thehexge of warm and polluted air with fresh air (felaet

al. 2013:175, Gago et al. 2013:755). Planted aagastree populations have an opposite effect antl co
down their environment because of plant transpinafGago et al. 2013:751).

In terms of increasing urban populations, socia acological factors become more and more relefaant
future urban development. The technique of remetssiag can be an efficient tool to characterize and
quantitatively describe parameters, concerning udtaucture and environmental factors. Severalissud
deal with the derivation of urban density indices $and use classifications, particularly with nebto high
resolution optical datasets (Yu et al. (2010), Talski & Wezyk (2012), Gonzalez-Aguilera et al. (31
and Berger et al. (2013)). Parallel to high resotutmagery, data methods of object based imagl/sina
(OBIA) are more and more popular (Weng 2012:43)eewmlly at small-scale applications e.g. infrasiuce
and settlement development (Wurm et al. (2009)geYal. (2010), Dinis et al. (2010), Salehi et anD12),
Zhou (2013) and Li et al. (2014)).

This study focuses on urban density indices derfvech an object based land cover classificationthia
following, a selection of indices is analyzed relijag their correlation with LST in an urban envinoent.
The input data as well as a short discribtion efstudy area is presented in the next paragrapbrwrds,
the methodology is divided into three parts conicgrifi) object based land cover classification), (irtban
density indices and (iii) correlation analysis. &ip, we try to figure out wether two- or three-dinsional
indices improve the correlation results with LS dfnspecific land use classes affect this relaiop.
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3 MATERIALS

3.1 Data source & preparation

The data basis of this study consists of IkonoBAR and Landsat ETM+ data as well as additionahskztis
(Fig. 1). The high resolution optical dataset isik@ble for one time step (2005-09-20) and as a GEO
product. Due to missing position accuracy a costegfion had to be done. Afterwards, the High Flssr,

a pan-sharpening technique was conducted with Hndagine in order to improve the spatial resolutign
to1lm.

A normalized Digital Surface Model (nDSM) was prodd by subtracting a digital elevation model (DEM)
from a DSM, derived from LIiDAR data. The LIiDAR da#i is characterized by a point density of 1-4
points/m2 and can be used with a resolution of lJAnmosaic of orthophotos, resampled with a bilinear
method up to a resolution of 1 m, was used fordeion. Additional vector data consisting of a lamk
classification and land cover change time seriesew®ovided by the city of Cologne and German
Aerospace Center (DLR). The land use dataset, adtailon block level, provided the basic unit foe th
correlation analyses and to differentiate betweajormand use classes.

LST data were derived from Landsat ETM+ for sixrsx® covering acquisitions of all seasons, with
recordings during day-time between 1999 and 20@loae night-time image of 2008.
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Fig. 1: Data input and methodical approach

3.2 Study area

The city of Cologne is located at the river Rhinghe North-western part of Germany and belong$é¢o
federal state of North Rhine-Westphalia (50°56'RQ"6°57'28"E). The development of the settlement
structure started already in 38 B.C. and was inftee by several circular expansions during the High
Middle Ages (Curdes & Ulrich 1997). The historicdtuctures, especially the circular formation atsts
around the city centre, are still distinctive eletseof Cologne. Today, the city has more than lionil
inhabitants and covers an area of 405.2 km? (IT.NFOA3).

4 METHODS

In the following chapter, the methodical approatthe main working packages is presented. The deon

of the landcover classification and the adaptiothefexisting ruleset is described as well as #igliation

of the result using orthophotos. Based on a pravlandcover product, urban indicies were implengnte
from a preceding study by Berger et al. (2012) #nadn further literature studies. Different analyses
concerning the correlation between indicators a®dl hre discribed in the final part.

4.1 Object-based Classification

The ruleset of Berger et al. (2012), developedéet sites in Erfurt and Rostock, provided the $&si the
land cover classification of Cologne and was siemébusly tested in terms of transferability. Allrkiag
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steps of the classification and the calculationabbfindices were performed with Definiens eCogmitio
software.

The segmentation is maintained due to better coabddy and consists of three processes: Quadtree
Segmentation, Multiresolution Segmentation and MigtObject Difference Conditions-based Fusion. The
two segmentations subdivide the lkonos scene sgiagtral information and slope as well as heighivdd
from nDSM. The last step aggregates objects, iy thieet defined threshold values regarding specific
spectral and spatial similarities. Afterwards, itgut scene is classified into elevated and nowatésl areas
using the height as a parameter and a thresh@dwto exclude vehicles and small artefacts froavated
land cover. Basing on this classification, six eliéfnt land cover classes were identified: TreeldBg for
elevated objects as well as Grassland, Water, Baikand Impervious for non-elevated objects. Every
single class is defined by single or multiple atites of nDSM, multispectral information or georestr
properties (Fig. 2). For classes with similar chtgastics e.g. Bare Soil and Impervious, the sEmty
was analysed with Box-Whisker-Plots, in order twfspecific ranges of attribute values to avoidriayes
and an inaccurate object classification. The diassion ruleset of Berger et al. (2013) therefavas
adapted and in some cases renewed.

The software Erdas Imaging 2011 was chosen to gerf@ validation of the classification result by
distributing 50 random points per class. As refeeedata a mosaic of orthophotos from Cologne with a
spatial resolution of 1 m was used.
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Fig. 2: Derivation of land cover classes and irgarameters

4.2 Urban Density

The ruleset of Berger et al. (2013) was provided aertended for derivation of urban indices. The tmos
appropriate indices were considered in the follgwiRor each indicator the result is a map of boddi
objects, where every object contains one indicadtwe. All of them differ concerning their areaioferest
(AQI), which can be object or area oriented. In fingner case the calculation is only based on thjeob
information e.g. building height and gross flooear For area related indices the AOI was defined as
specific radius around the centroid of the actividding. The radius was set to 100 m for furthealgses.

The inverted Floor Area Ratio (iFAR) was modifiegRerger et al. (2013) and is an object relatedcatdr,
which reflects the ratio of active building areatbhe sum of all floors. The iIFAR takes into accoeath
separate floor by proofing and recalculating edobrfindividually using the nDSM.

In the following all named indices are relatedhie AOI. The two normalized indices Impervious Scefa
Area (ISA) and Vegtetation Fraction (VF) presem thlationship between impervious surface or veigeta
and the AOI (Lazzarini et al. (2013), Berger et(2013)). The Building Aggregation Index (BA) fo@sson

the arrangement and compactness of buildings witl@rAOI and contains information about the nundger
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buildings within the AOI, median iFAR, median dista between active building and closest one asasell

a ratio of building area and AOI (Berger et al. 201Both indices, Urban Vegetation Index (UVI) and
Vegetation Volume to Built-Up Volume (VV2BV), by Tapalski & Wezyk (2012) are presented in a
normalized form in this article. The second onejilsir to VF and ISA, takes the third dimension into
account and is a ratio of high vegetation volume lamlding volume. The UVI consist of VV2BV, a ratof
vegetation and building area and a weighted faot@ll green and impervious areas. The indicatdsadr
Density (UD) was published by Berger et al. (20481 describes the relation of urban development to
vertical and horizontal settlement structure witkcale range from -2 to +2 with high values indigghigh
urban development. Urban Density consists of fodependent indices: BA, ISA, iFAR and VF.

4.3 Correlation Analysis & LST metrics

The correlation analysis was performed betweemndites and LST data for all block level objectsl dor
specific land use classes. Besides single LST $ir@ps, three different metrics were calculatedrtprove
the regression results. The input data for the io®tMean Annual Surface Temperature (MAST), Yearly
Amplitude Surface Temperature (YAST) (Bechtel 20429 Principle Component Analysis (PCA) are listed
in the table below (Tab. 1) and were computed withicGIS.

Apr. 2008 (Night) Aug. 2001 Oct. 2000 Apr. 2000 n.Jaooo0 Aug. 1999
MAST X X X X X X

YAST/PCA X X X X X
Tab. 1: Input data for LST metrics

5 RESULTS AND DISCUSSION

The classification of Cologne into six differenhthcover classes is illustrated in figure 3. Buidlobjects
differ within the study area from compact block eé@pment with sparse vegetation in the CBD area
(Central Business District) to open block and roewelopment with higher amount on vegetation in
suburban settlements and detached houses in psriptrees. The validation of the object based lamekec
classification achieved an overall accuracy of 92@with user and producer accuracies ranging et\weé

to 100 %, where the classes Building, Water ance Bawil stand out with high accuracy values whereas
areas classified as Impervious were characterevibdlower accucary results. Similar validationuks of
land cover classifications with object based meshalso published Wurm et al. (2009) for Cologne and
Dinis et al. (2010) for a study site in Lisbon waterall accuracies of 90.12 % and 87 %. Misclassibns
occurred between Bare Soil and Impervious classpsoglly in industrial areas or between Impervious
areas and Water in shaded areas on bridges andunantzas. In the latter case, the Quadtree segtimmt
caused rough quadratic objects in shaded watess,avélaich could not be correctly classified because
Brightness values do not match the defined clasgiin parameters. The same situtation arose alboige
areas, where overlaps of Bare Soil occurred. Amravgment of the classification result can be asgedi
with high site specific adjustment of the ruleset.

Land Cover Map Impervious Surface Area LST Data Correlation Analysis

Fig. 3: schematic representation of interim resaiftd final correlation diagram

The results of the urban indices were analysedemg of spatial distribution and concerning their
relationship to LST. In contrast to UD, ISA, UVIANVV2BYV do not only indicate a radial behavioureyh
also highlight industrial areas and settlementpénipheral regions with high values, indicating amb
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density. Whereas, using UD and BA only the CBD as@resented with high values with increasing
distance UD decreases. The following table 2 sunimesuall correlation results of urban density irdiand
LST metrics. Besides an examination of significam@s applied, which confirm the significance of the
correlation. The highest correlation results werkieved using the mean value of all LST datase®&SW

or single LST data, recorded between spring anghautind the two-dimensional indices ISA and VF.

ub ISA VF BA VV2BV uvi iFAR
MAST 0.69 0.79 -0.82 0.40 -0.77 -0.78 -0.30
YAST 0.50 0.63 -0.67 0.23 -0.62 -0.62 -0.15
PCA 0.62 0.75 -0.78 0.32 -0.73 -0.73 -0.22

Tab. 2: Correlation Matrix of urban density indieesl LST

Considering the different land use classes, newrlgorrelation was shown for the city area. Onlyb&ick
objects and a very narrow range of indicator valmgght be the reasons for those results. Wherébas, t
settlement regions like block and row developmesmigle houses and allotments achieved satisfying
correlation results.

6 CONCLUSION

The analysis of different urban indices demonstiiat three-dimensional indicators could not inwerthe
relationship to LST. Moreover, simple ratios of amtgreen or impervious areas to the AOI are matttdea

to achieve the best correlation results. The U\ ¥N2BV indices work like ISA and VF and also cahesi
volume information. Thus, their correlation resuts similar to the two-dimensional ones. A medne/af

a LST time series could also lead to improvmentghis context. Future work will focus on multiple
regression models, which might be a better apprdackescribe the characteristics of LST in urban
environments than linear anlyses.
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