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1 ABSTRACT

Dasymetric methods are commonly used to redisibudisaggregate (census) population data, udimney e
simple binary or multi-layer models. Most model®whlimitations in high density built-up areas asyth
commonly ignore the 3D dimension (meaning builditngsght) of multi-story urban environments. For
example, simple dasymetric models only allocatepthigulation counts to built-up areas, without cdasing
differences between areas of multi-story and sistpey buildings. Furthermore, such models onlgwlthe
disaggregation of ‘night-time’ population data, iehior many urban applications such as transpeslth or
hazard, the location of ‘day-time’ population is ioterest. This research presents an initial ambrda
model day and night-time population using as casgysan Indian city (Kalyan-Dombivli). For most liat
cities, census population data is only available viards, while day-time population data is eithet n
available or of very poor quality. Besides censaim énd ancillary spatial data, this research a$#3 urban
model, extracted from Cartosat stereo-images.,Rinst extracted height from the stereo-image igl use
combination with building footprints to disaggregatensus population data at wards to ‘night-time’
population per building. Second, a classificatibe@nomically active areas is constructed basetth@3D
urban model in combination with other spatial l&y@.g. transport layers) to model the day-timeupatjon.
The result shows different concentration of popafatiuring day and night-time across ward boundaaie
well as it confirms the potential of 3D data toadjgregate population data.

2 INTRODUCTION

2.1 Context

In the past years many researchers (e.g. Briggs,e2007, Langford, 2007, Maantay et al., 2007 nMe
and Hultgren, 2006 and Su et al., 2010) explorexymatric methods to essentially disaggregate (&nsu
population data, using either simple binary or ialfer models. Due to high costs, low frequency an
problems related to the aggregation levels of cepspulation data the use of remote sensing fanashg
and/or disaggregating population data have beelomxpsince the 1950s (Liu, Clarke, & Herold, 2006)
However, most models show limitations in high-dgnsiuilt-up areas as they commonly ignore the third
dimension (meaning building heights) of multi-stotyban environments (Aubrecht et al. 2009).
Furthermore, such models commonly only consider‘might-time’ population (e.g. extracted by census
counts or registers), while for many applicationstsas transport, health or hazard the day-timeilptipn
would be important (Briggs, et al., 2007). Parttbé day-time population is the workforce, which is
sometimes captured by economic census statistissraber of employees per areal unit (job locatityst
developed countries and some emerging economgsdkina) have information on job locations (eitbgr
economic census or public registers). However, amyrcountries the employment counts and therefae t
location of jobs are not very accurate as theyuslebften small and medium size companies, asasdhe
informal sector. Generally, in most developing does and emerging economies employment statiaties
of poor accuracy if available at all.

2.2 Population Data

Census statistics provide the amount of resideptigulation at night-time (where people are livinguch
census data are publically available only at aggesh administrative units, which are often very
heterogeneous in terms of socio-economic charatitari Furthermore, census wards can be partiaily- b
up and non-built-up. Thus the main problems of asrEopulation data are that the administrativeswnsed
are commonly “geographically meaningless” (arbytyaas well as they “smooth local variability” (Wu &
Murray, 2005). Furthermore, modifications of (wakjundaries are happing frequently, making temporal
analysis difficult (Langford, 2006). To avoid suploblems several researches (e.g. Mennis and ldaltgr
2006, Maantay et al. 2007) have been conductesaggregate population data.
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The concept of day-time population is rather compiecause of the complex daily agenda of people. An
important source to locate day-time populationhis fbcation of jobs. Such data can be extractesbine
countries from business or economic census. Anauoancensus is also conducted in India, but date ha
severe problems with full coverage and temporati@ay. Such problems even exist in countries Iie t
USA, where the economic census is held every Ssyddicarelli (1998) indicates two major problemstod
economic census; first, not all companies are geduand second, the self-reporting is prone to. Giass,

for many countries employment locations are noflalke or of very limited accuracy, as well as misde
covering the complete day-time population (inclgduarious daily activities beyond labour) hardlyses

2.3 Dasymetric Methods

Dasymetric mapping is a technique for disaggregatjmatial data (e.g. census ward population) framgelr

to smaller spatial units using ancillary data (éagd use data). These techniques have been endpdayee
more than 200 years (Maantay et al. 2007). Thelteesfidasymetric methods aim at more homogeneous
areas and therefore at better representation afrtitee modelled phenomena, e.g. avoiding populatata to

be allocated to areas that are not inhabited. DeBjsrmodels avoid displaying data with arbitracerfsus)
boundaries, which are often very heterogeneous thadefore a poor representation level. Higgs and
Langford (2009) stated that dasymetric techniqwe® la great potential for a more “accurate reptatens

of the spatial distribution” of population data.riiestance, Holt et al. (2004) used Landsat imadgesxtract
land-use/-cover data to disaggregate populatiosities using dasymetric methods.

Commonly used binary dasymetric methods divideraa @nto inhabited and non-inhabited and assign the
population (of a census ward) to the inhabited @aré#hereas multi-class weighted dasymetric modelaus
subdivision of areas into additional categorieschhare e.g. related to different population deesitising
additional data layer e.g. land use, zoning, lasde; accessibility, infrastructure density, homeg style
(Su, et al., 2010). Common methods to disaggregapellation data are according to Biggs et al. (2007
Langford (2006), Maantay, et al. (2007) the follogi

« Simple (e.g. binary) and filtered area-weightinggipolation, which is often used to compare and
assess more advanced dasymetric techniques (asntenhg,

e Global regression, which builds a global relatiopdbetween e.g. population data and land cover
information,

* Regional regression, which uses independent fifinglifferent zones,

* Multi-class dasymetric method, which uses differdahsity zones based e.g. on socio-economic
variations, different housing types,

« Dasymetric mapping in combination with an expegtegn using e.g. cadastral data.

Most of these techniques (with the exception ofdkgert system) show limitations in high densityltbup
areas with multi-story buildings as population i@y redistributed to built-up areas without cafesing
the building height. Therefore Bajat et al. (20%Uiygests the use of Lidar data to allow modellivey3D
dimension, which is believed to have the potertbalmprove population mapping. Aubrecht et al. @00
showed that building footprint and Lidar data inmtmnation with company information gave the besute
to disaggregate population data. However Lidar cat for many developing countries and emerging
economies not available due to high costs and athtr access restrictions. Therefore, this papaioees
the use of high resolution stereo-images (Cartdsatjlasymetric mapping. Stereo-images (e.g. Caitbs
data) are easily available at much lower costs @wetpto Lidar data. Thus, the focus of the resesrcm
disaggregating population data to the spatial ohihdividual buildings by taking the building héiginto
account. Further, the population estimation pefding is used to generate day and night-time pdjmria
density maps that do not use census ward boundaries

3 METHODOLOGY

3.1 Data set and case study area

The city of Kalyan-Dombivli, one of the major urbagglomerations of the Indian state of Maharasligra,
situated in close proximity to Mumbai. The twinyctas according to the 2011 census about 1.2 millio
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inhabitants. Large parts of the city are denselit-bp, with vast areas of slums (44% accordingh® city
development plan).

Sensor/layer Date Attributes/spatial resolution
Resourcesat 12.11.2007 58m

Cartosat-1 (stereo pair) 26.02.2008 25m

Building footprints 2007/8 Use of buildings, paltiyebuilding height
Ward boundaries 2001 Census ward 1D

Population census 2001 Population and workforce per ward
Road network 2007/8 Main and minor roads

Public transport stops 2007/8 Location of bus and railway stops

Table 1: Spatial and census dataset

Building footprints were available from the KDMC dkan Dombivli Municipal Cooperation). However,
for many slum areas not individual buildings argittied but a slum area is delineated as an efRi#gson
for not having individual buildings of slums is miadums are of such high density that even a visual
delineation of individual buildings is difficult. lding footprints are classified into 3 main udasses
(residential, mixed and economic use). The footptata were checked and updated (e.g. omittedibggyl
using Resourcesat and Cartosat images (Table #)gifal surface model was created using a Cartbsat-
stereo pair (2.5 m resolution) using Erdas LPSs Haitaset was available from an earlier researdshfisl et

al. 2011). Ancillary spatial data were availablgliiding the road network and location of publansport
stops. In addition to the spatial data, censusssta from 2001 were available (unfortunately there
recent census of 2011 is not available at this rmyn&he census gives the number of inhabitantstatadi
workforce per ward. The temporal consistency betwibe spatial and statistical data is not optifils, a
central ward with little change is selected to depé¢he model (ward No. 17) (Figure 1).

y e Legend
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005 1 2 3 4
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Figure 1. Population density (person/ha)

Figure 1 shows the population density distributionthe entire city of Kalyan Dombivli using the wia
boundaries. Many of the wards are a mix of buitrop-built-up. Moreover, in many wards a mix ofglan
versus multi-story buildings can be found.

3.2 Methodology

In order to disaggregate the census populationtdatae units of individual buildings the modelksist-up in
two major steps (Figure 2). In a first step, thghtitime census population (available per ward) is
disaggregated using the height information in coratibn with the building footprints. Here the asgtion

iIs made that an average floor area ratio is ocdup& person. This assumption has two major linoat
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first it does not differentiate between differenci®-economic areas (e.g. slum and non-slum arnsas)
Figure 3); second it assumes that people stay @ehduring night. Thus, for extracting the night é¢im
(census) population the average height per buildimgodelled using the height extracted from theoGat-
1 stereo-pair (see figure 4). In order to calcutagenumber of floors, the assumption is madeithaverage
3 meter height represents one floor. This allovisneging the number of floors per buildings. Inexhstep
a ratio is built by dividing the floor area of aesgjfic ward by the number of inhabitants (of therdyaThe
result gives an average m2/person ration. Thi® rigtiapplied to the individual buildings to estimahe

number of persons per building.
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Figure 2. Overview of Methodology
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The second step models the day-time populations Timtludes extracting buildings where economic
activities are performed and redistributing the kfairce to areas of such activities, as well as imggethe

location of the ‘remaining population’ (people mounted as workforce).

Legend

I Buildings
[ Ward boundaries

Slums

Kilometers

Figure 3. Buildings and slum areas of part of KaWzombivli
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Figure 4. Extruded buildings using the height infation from Cartosat-1 images (displayed on the Ressat image)

Thus, for extracting the day-time population théadavailable from the census is used. The data thiwe
workforce and non-workforce population. The registieworkforce population is redistributed towardsas
of economic building use. Here the module worksragath an economic floor area/workforce ratio ir2m
per employee. The remaining day-time populatiort freot of the workforce) is redistributed to resitial
buildings as well as to buildings that are,

» located along roads,
« located in proximity to public transport modes.

The reason for including besides the buildingssifizsl as economic use also other buildings is soate
inhabitant will be at their residence but alsortolude economic and other activities that are noluded
into the workforce statistic. For example informedonomic as well as shopping and leisure activities
commonly occur along roads, public transport poensl at central locations. Therefore, this is ago
attempt to include informal economic activitiesoiitbe model. Therefore buildings with high likeldg of
having economic activities in its surrounding agkested using the above mentioned criteria. Thisqfahe
day-time population (which is not registered askfance) is assigned to buildings with high likeldb of
economic activities on the street. The remainingutettion is assumed to be at residential buildifidgs
assumption is again a limitation of the model asnegily also other activities e.g. educationalati#s need

to be included.

4 RESULTS AND DISCUSSION

The results have two major outputs, first a modethe night-time population per building and secand
model of the day time population per building. Ifireal step population density maps (day and nighe)
are generated that do not rely on ward boundaries.

Difference in Floors| Frequency | Percentage
(reference — extracted)
3+ 92 4
91 4
1 90 4
774 33
-1 638 28
-2 329 14
-3+ 301 13
SUM 2315 100

Table 2. Extracted floor number compared with mipaicreference data
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4.1 Modelling the height of buildings

The extracted surface model using the Cartosatete(s pair) allows an estimation of the buildingghe
information. Using an average floor height of 3 fime number of floors per building is calculated.eTh
results are compared with a municipal data setaiaing for parts of the buildings the number ofofi®
(unfortunately without information about temporahsistency). Comparing the extracted number ofrfloo
with the reference, 33% have an optimal match,evBi% of the buildings have a match of +/-1 flodiise

major problem of the extracted floor heights udimg stereo module is an overestimation of the nurabe
floors (Table 2).

4.2 Modelling the night and day time population per bulding

For the example ward No. 17 (displayed in figureh®) ratio used for calculating the night time patan
is 19.5 m2 floor area per person. Thus lager nusb&night-time inhabitants are allocated to msitry
buildings while buildings of fewer floors have fewehabitants (Figure 5).

Legend

Ward 17

Persons per building
0-10
1-25

o 126-46

47 -73

I 74-412

|:|Ward boundaries

Figure 5. Model of night time (census based) pdmnadistribution

The ratio for ward 17 to allocate the workforcel&m2 floor area per employee. The day-time popmrat
model shows higher number of population in areascohomic activities and along major roads whilg pa
of the population (non-workforce) is allocated &sidential areas (Figure 6). Validation of both eleds
still missing.

s

Legend
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Figure 6. Model of day-time population
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4.3 Modelling the night and day time population density

In order to illustrate the different day and niginte density distribution of the ward No. 17 (alhidensity
area), kernel density maps (weighted by the nuraberhabitants per building) are generated. Theltieg)
maps of night time (Figure 7) and day-time (Fig8yalensity distribution illustrates the heteroggnef the
ward, which is commonly neglected by displaying gsignmaps aggregated at ward boundaries. Moreover,
the density maps illustrate differences betweehtragd day-time, where during day-time more persams

be found in economically active areas.

Legend
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B 035905
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0 50 100 200 %
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Legend
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I 2611-4.512

Figure 8. Day time population density distributimfnward No.17

One visible problem of the example ward No. 17ha tase of the night time population is that am are
covered by ‘Chawls’ (small multi-storied dwellingnits used for workers) in the North-East part is
accounted with the same ratio of m2/persons asrbeft areas. This definitely allocates too lesspe to
the Chawils area (slum like conditions). Howeveiidessthis problem (planned to be addressed in upmpm
research) the results give a general impressidtifigience between day and night-time populationsig
distribution.

For a selected larger part of the city of Kalyamibivli the difference between day and night-time
population was displayed across ward boundariegu(€i9 and 10). This illustrates the advantageadf n
aggregating data at ward boundaries, which allowplaling cross-ward clusters of high versus low
population densities. The selected area is coverirgjatively stable part (with little developmetynamic)

to minimize problems of temporal inconsistencyref tlata used for this research.
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Figure 10. Night time population density distrilmutiof part of Kalyan-Dombivli

Several difference between the day and night-tioyufation distribution can be observed, e.g. soreasa
in the North-West have higher day time densitiassed by the location of areas of economic use,ewhil
some of the residential areas have during daytess tlensity. Areas of high density during day agtitn
time were in particular densely built-up residentieeas, which includes in particular areas of nsitiry
buildings and slum areas.

5 CONCLUSION

Models that address differences between day anud-tilge population at disaggregated level are nathm
found in published research. Such models are di bigmplexity caused by the complex daily activity
patterns of urban population, to model this comipjeis a challenge. This research aimed at a first
exploration of the use of height information inlsumodels coming from high-resolution stereo-imaJdée
presented research output illustrated that suclghheinformation allowed disaggregating night-time
population data (census) to individual buildings\gsere a simple m2/person ratio for the individuards.
Day-time population models are more complex asrurbhabitants have diverse activities patternst &far
the population is working while others participateeducational activities, shop or stay at home €he
presented model used a simple approach, dividiagptipulation in registered working and non-working
population and redistributing the working populatiato areas of economic use. While the “officialhon-
working population was partially assigned to areheconomic activities (streets and central locgtiand
partially to residential locations.
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This research aims at opening a first thought tdagroviding more temporal detailed and disaggeztat
population data which is of high demand as inpfiormation for urban models (e.g. transport models).
Relatively simply built and available stereo-imad¢gese a potential to be used in areas were mongratec
Lidar data is not available for extracting buildingight information. An accuracy of 64% of +/-1dtccould

be achieved,; this allowed distinguishing betwe@glsi and multi-story buildings within the limitatiof the
obtained accuracy. The extracted model of day @glitstime population for a central part of the studtea
gave an indication of density variations withouinigelimited by ward boundaries, while including althe
3rd dimension (showing e.g. high densities in asdasulti-story buildings).

The future research focus will be on refining tley-time model of population distribution allowiniet
modelling of other activities as well as the refirant of the night-time population by consideringaar of
different socio-economic classes. Also validatidrthds simple model presented in this paper needset
still conducted.
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