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1 ABSTRACT

For disaster risk management and risk-based urleammipg, time-dependent knowledge on the spatial
distribution of various social groups is of crifidenportance. However, in a highly dynamic urbanggi
world data are mostly outdated, generalized, nea-aride, not reliable or even not existing. Thipgra
explores the potential of interdisciplinary intetipa of social science and remote sensing to déal the
problem of area-wide and up-to-date informationiv@ion of the spatial distribution of populatioand
especially the vulnerable groups. The integratidnconventional socio-economic data (census and
household survey data) with the structural infoforatof the urban landscape extracted from remotely
sensed data aims at assessing dynamic exposuagiafis/ social groups. The analysis was done focése
study in the tsunami and earthquake prone coasyabicPadang, West Sumatra, Indonesia. The inftiona
generated is particularly useful for giving an dddial insight for urban planners, how land use arizhn
development shape the exposure of various soaalpgrto natural hazards.

2 BACKGROUND AND RATIONALE OF THE STUDY

In light of global environmental change, buildingsafe environment for urban areas should be more
emphasized. Two decades ago, an analysis of thiel"ed0O0 most populous cities found that 78% were
exposed to one of four major natural hazards-easkes, tsunamis, volcanoes, and windstorms (not
including flooding)- and 45% faced being struckrbgre than one. In developing countries alone, 8&€é f
more than one threat (Degg, 1992). For developn@éneffective disaster risk reduction measures,
vulnerability assessment is crucial. It should @ders exposed, susceptible elements (e.g. populaifon
various social groups) and coping capacities, wiiietermine the expected harm resulting from a given
hazardous event (Birkmann, 2006).

An exposure analysis that provides accurate anailé@tinformation about distribution of populatiamd
various social groups in relation to the existingzdrds is an important initial phase in vulnerapili
assessment. It serves as a basis for planningtelisask mitigation, e.g. evacuation planning (¢hoo
medium-term) or exposure reduction by means of lasel planning (medium- to long-term). Due to the
dynamic in urban activity pattern, spatiotemporatiation of population is a crucial component relyay
vulnerability. A time-geography approach to spati@haviour has long been developed by researchers
(Hagerstrand, 1970; Pred, 1981). Presently, it &lasady been operationalized using various highly
developed GIS-tools and methodologies and usedaimimg, e.g. development of transportation network
access to public services and infrastructures.

Since the 1970s, remote sensing estimation ofeasal population has been applied more frequeatyan
increasing amount of spaceborne satellite data bageme available (Elvidge et al. 1997; Lo, 2004t

et al., 1997, Harvey, 2002; Li & Weng 2005; Tauki#eky Roth & Dech, 2007; Liu & Herold 2007; Lo,
1986; Lu et al., 2006; Schneiderbauer & Ehrlich020Mesev, 2003). The most recent study of
Khomaruddin et al. (2008) shows the potential ofistes data to derive weights for population distidou
day and night by land use type, which is suitableldroadscale analysis (e.g. nation-wide). On ttiero
hand, Taubenbodck et al. (2008) presents capabilitiehigh resolution satellite data (lkonos) toesssday
and night urban population on building level whishsuitable for the small-scale and heterogenobarur
context. The method used is an object-orientedralghical classification methodology, on very fine
resolution. However, the result has not yet indidahe spatial distribution of the vulnerable sbgr@ups.
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The study presented in this paper attempts to durtdevelop the methodology used by Taubenbdck. et al
(2008) and Khomaruddin et al. (2008), emphasizirmgenon the socio-economic characteristics and daily
activity pattern of the individuals / householdsiadysis of conventional census data and househioleg is
conducted to build a model of population distribatithat is combined with spatial data. In doing the,
identification of vulnerable social groups in vargobuilding - land use types is made possible.

3 STUDY AREA AND DATASETS

The study area is the coastal city of Padang, \®estatra, Indonesia. Padang city with almost onéamil
inhabitants is highly exposed to various naturalands, especially earthquake and tsunami (Borresd..e
2006; McCloskey et al., 2010). This city represartastal urban areas in developing countries, wiviag
initially developed through historical intensiveading activities at the coast during colonial tignead
therefore, remains having central activities andsdéy populated areas at the coastal region. Ttente
strong earthquake events, of which the most regeatoccurred in September 2009 with a magnitude of
7.5M (USGS, 2009), and their potential in geneatsunamis have triggered the city to revise tbeirent
urban plan and develop the city towards less-exp@seas, moving away from the coast. As one of the
baseline information, it is important to show hdwe turrent urban structure has influenced the exposf

the population and various social groups to tsusamhe required information should encompass the
quantity of population and its spatiotemporal dyitaras well as identification of vulnerable sodjbups,
such as women, elderly and children. Presentlytjapdata on population are only available at g#devel
and contains no information on the temporal asp€berefore, analysis of ancillary data from remote
sensing as well as additional surveys are conducted

High resolution remotely sensed data from the Ikosensor, a Digital Surface Model (DSM) and a Rlgit
Terrain Model (DTM) were used to provide area-widp;to-date and accurate information on the urban
land cover and its spatial structural pattern B city model. Additionally, data derived from liework

on urban land use are available (Taubenbock et2@D9a). The information on daily activity pattern
obtained from household survey data 2008 (UNU-EHBgehold Survey in Padang, 2008) cover an activity
diary of about 800 respondents representing diffegender groups, main activities and occupations.
Additionally, data from the last population CengB®S, 2000), and additional statistical data ofr y&305
from Padang in Figures (BPS, 2006a), Padang's Ssthidls in Figures and Village Potential SurveyP®
2006b) are available for calculation of populatiommber by social groups as well as concentration of
economic activities and public facilities withinetistudy areas, from which the weights for variamiluse
types are derived.

4 CONCEPTUAL FRAMEWORK & METHODOLOGY

An analysis framework was developed to enable esitim of spatial distribution of exposed social e

and was applied for the case study. The startingt gd the analysis is the assumption that exposire
social groups to tsunamis varies and influencedii®y urban land use. Based on this assumption, the
parameters were defined and analysed:

» classification of social groups with regard to \arkbility to tsunamis

« main activities that compose daily activity patt&mparticular time of the day to show the temporal
dynamic

- linkage between building-land use and daily agtivit

4.1 Vulnerable Social Groups and Daily Activity Pattern

With regard to tsunamis, the following social gredfave been revealed as more vulnerable: womesr)yeld
and children (See e.g. Birkmann et al., 2007). Raidicularly relate to lower physical capabilitf tbese
groups to evacuate themselves during an emergerisyrmami events, i.e. low running (evacuationpegy

and stamina. It is important to analyse the pomnadistribution disaggregated for these socialugso
Aside from demographic characteristics, there atieero parameters to be considered in assessing
vulnerability, e.g. households with lower incomeadamnarginalized social groups are most likely toenav
lower access to disaster preparedness intervergiaisas early warning and training activitiesywa#l as to
face more difficulties during recovery process raftalisaster event. In this case study, howeverlittkage
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between such parameters with the dynamic spasilalition have not been explored sufficiently,shoot
integrated yet.

The time geographic model of society potrays irdliails and households as following a series of geitis
through time and across space, with their movemestich settings as home, office, school, shogssi®es

of discretionary activities such as the church emmunity center (Pred, 1981). Time-budget studies,
which respondents are asked to keep an activity digecifying the duration and location of actiedj are
permitting to emerge a fine-grained picture of temporal and spatial use of the city (Anderson 1971
Chapin 1974).

In this study, the daily activity was derived fromm activity diary from the household survey. It was
summarized in three main categories: working aotiwi(occupation in built areas: service, traddustry),
education (school and higher eduction), and otleéviaes (care and social activities). The dailstiaity
pattern was found to be different particularly bedw women and men, with main activity of workingl an
non-working (Figure 1).
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Fig. 1: Daily Activity Pattern of Various Social Groups

For the exposure analysis, three different time=r ¢ive course of a day were selected to show thpdsal
dynamic of the daily activities: 9-12 am (morning8)6 pm (afternoon), and 12-6 (night).

4.2 Urban Morphology and Daily Activity

Urban morphological analysis seeks to identifyiditive regions in the city according to the fuonat of
tangible land use types and to some extent showdbial urban segregation. For the detailed extnaaif

the small-scale and heterogeneous urban morpholkgyps imagery with 4 spectral bands (blue, green,
red, nir) and a geometric quality of 1 meter weseds The Digital Surface Model (DSM) and the Digita
Terrain Model (DTM) are also available. Additionaltlata derived from field work on urban land ussrev
surveyed. The combination of the various data petgides information on the physical urban morphglo
of the city, building use and available space ifonyj and working (Figure 2).

Regionalisation is performed to classify areas tlaatain homogeneous urban morphology parametess (S
Taubenbdck et al., 2009b). Areas with similar bugtdensity, building sizes, building heights andlding
usage are combined citywide as homogeneous seg@tamsre 3). Particularly areas with low built-up
density, big building sizes, and high height arestiyarepresenting public buildings.
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Fig. 2: Building - Land Use of the Study Area in Padang City

‘\_'&'ﬁtsféﬁhtic Classification (a) | Detlls (b) |

AN

“E@|Nlc§fﬂwiﬂ1 samatic classes I- r
HETY sumcTE “t‘k A e RERRI Dy L
e Legend (3] & (b) Semantic classes
. Nater | Suburb
N . CSlum
B Low class
S A =] Mddie class
§ O Highclass

Fig. 3: Semantic Classification of Buildings in the Study Area in Padang City

The correlation between the static elements of iphlysirban structures with the socio-economic patans

of the people was tested. The findings proved $logio-economic characteristics like household ireom
level and price of housing correlate to some extétit physical urban patterns and thus enable patation
on the complete urban landscape (See Taubenbdek 2009b). The classification of the physical urba
structures are particularly used for the residébitiddings. For the working activities, the buitdj-land use
is summarized in several main categories which Imtie activities of the population from the Popiolat
Census and Household survey data, namely officaparcial, and industrial buildings.
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4.3 Development of weighting

Similar with the methodology used by Khomaruddirakt(2008), weights are derived from the available
socio-economic data to calculate population distidn in the study area, but putting more emphasizéhe
social groups and their daily activity pattern. Thgortant parameters are the main activity, octiapaof
the social groups and their mobility (to what extdre individuals travel to conduct their daily iaittes).
For the purpose of our analysis, mobility is defirees whether or not the daily activities are penfed at
home/neighbourhood (in the residential buildings)nopublic facilities and buildings where econoraied
business activities are concentrated in the cibe dverall analysis framework is presented in gbfiad
manner in the following figure (Figure 4), showitig example of the activities of female population.

population of
study area

A ™
female elderly children

. male
(1564 (1564 (659 (01a) ) Wlnerable
main activity work | others | | education |
activities -
building use o C | R S
daily pattern ‘ }\g ‘
& mobility weight: %at working | publicplaces  weight: % at home

night, morning, afternoon 4 ¥ ¥
(0] C | | R | S
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Fig. 4: Analyis Framework

During the analysis, some additional assumptiomsttie weights had to be made due to inexistence of
information e.g. activities in the mosques andublj facilities. However, this involved relativemall part
of the total population and did not change theltsesignificantly.

5 RESULTS

Basically we observe and quantify high concentratdd people in the urban center during morning and
afternoon, while at nighttime the people are mayeadly distributed. During daytime we measure highe
exposure of the total population due to the faat thore people linger in the urban core near tlasttoe.
The analysis results of population distribution whihat there is an immense spatial shift in popartat
distribution for non residential areas between d@md nightime, and slightly less during the afterméime
(Figure 5). The non-residential areas are mostigtied in the city center and along the main roadiere
the economic and business activities are concedtrdthus, the spatial pattern of vulnerability sfanms
significantly over the course of a day and e. ghwnmense impact on the situation for evacuationdase

of tsunami events (Lammel et al., 2008).

Disaggregated analysis on vulnerable social grehpgv in general similar pattern with the total plagion,
nevertheless different weighting in activities @frious social groups show noticable variation. @Wethe
activities outside house (residential buildings)tioé vulnerable groups is lower due to the fact tha
proportion of working female (29.4%) and workingdedly population (40.3%) is much less than the
working male population (63.9%). Additionally, theusehold survey showed that the proportion of wgrk
activities of the working vulnerable populationttlaae conducted at home is higher compared toeofrthle
population. This variation has implication on thepplation shift during the day of vulnerable andlana
population, as well as difficulties that these abgroups would face in evacuation during emergevents.
More vulnerable population stay in residential ardaring the morning and afternoon time, while éaging
male population are concentrated in the non-refimleareas during the day. In terms of evacuation,
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indicates difficulties lower access of the vulnéeabopulation to the main roads (evacuation routeshe
dense residential areas with mostly narrow stre¢varks, while the concentrated population in thg c
center and along the main roads might alreadyatsitiraffic jam Moreover, some punctual variatiéms
different building — land use types are also visitar the vulnerable groups as can be seen in &igilnelow.

In this example, the low proportion of vulnerabl®uyps working in the industrial sector (20.5%) show
variation in changes during the day, compared #nghs in university, where participation of vulidea
groups is higher (55.1%). Such disaggregated irdition of vulnerable groups is also significant ig.e
hospital buildings, that consist of almost 90% ‘enéible people.

Total Population Distribution During the Day
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Fig. 5: Distribution of Population by Daytime (Visualization of Summary in Grids 100mx 100m)

To check the accuracy of the basis population (nigipulation in the residential areas) of our clalton,

the results were compared with the available pdjmmalata of year 2005 in the villages, where thelg
area is located (BPS, 2006b). The total populatioie study area coverage within the selectedgds is
summed up to 428,452, including 275,845 vulnergblgulation, while the total population in the resital
buildings based on our calculation is 387,450, biclw 257,682 are vulnerable population. The conspari
shows that a difference of about 10%, nevertheless, calculation generated the same magnitude of
population as well as vulnerable population. Corigparwas also done using single household data tihem
household survey, showing that the proportion dherable population at building level is on average
similar, but vary at the building level with theastlard deviation of 20%. This also conforms toat&ns at

the household level from the analysis of CensusuRtipn Data (BPS, 2000). Accuracy analysis of the
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population distribution in the morning and afterndome at the building level was not possible, sitltere
is no validation data available.

NIGHT MORNING

3 -0 0 - >z =
VULNERABLE [ - & © ‘g DT TR W wﬁndﬁs;;?
_ . mdustry} ‘¢ =

MALE

Fig. 6: Variation in Distribution Different Building-Land Use by Daytime and Social Groups

6 CONCLUSION AND OUTLOOK

The study presented above shows that detailed sisabn population distribution for high resolution
exposure analysis is made possible through the icatitn of remote sensing analysis and conventional
socio-economic data of census and household surlregpite of high level of details of the infornwat, the
analysis method can be easily understood and ingeleed for continuous updating by the local risk
managers and urban planners, in contrast to conmpéedelling analysis. It provides an overview of ‘ah
“when”, “where”, as a basis information for risk n@gers and urban planners to develop effectivayatitin
strategies such as evacuation planning. Moreofier ahalysis results can easily be linked and oyeda
with data on tsunami as well as other hazards sesssexposure. For longer-term urban development
planning, it would also be interesting to develoget of scenarios for the analysis, e.g. how thmuladion
distribution would change if urban activities would intensified in areas away from the coast. beaaore
comprehensive and detailed data on mobility orspartation pattern would be available, such anslgan

be further developed and include more complexitgwkler, this also implies assessment on how much
added-value it would bring and its applicability.
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